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Overview

The PMS-300, the PMS-400 and the PMS-400A are R@ il boards with two fast gated
photon counting and multiscaler channels. All desicontains ultra-fast discriminators for
the counting and gating inputs, two fast 32 bitrdets, a memory for storing the counter
results, the timing and control logic and the PG Interface. The PMS-300 has an ISA
interface, the PMS-400 and the PMS-400A a PCI fater Compared to the PMS-400, the
PMS-400A has a considerably faster bus interface

The PMS counts all pulses with an amplitude grethtem a selectable discriminator threshold
and stores the results into subsequent locatiortkeoinemory. The inputs can be gated to
count pulses either inside or outside an exterrzgdplied gating pulse.

The on-board timing and control logic controls twnting interval and the storing of the
counting results. Up to four PMS modules , i.eheigpunter channels can be operated in one
computer by the same control software.

Different operating modes allow for steady stateasoeements (luminescence spectra),
waveform recording (luminescence decay curves) awment recording (e.g. for single
molecule detection).

The PMS boards can be used for count rates of thare 800 MHz and can be gated by
pulses down to 1 ns FWHM. Therefore the modules agplicable not only for photon
counting, but also for other fast pulse countingliagations.

All module functions are controlled by the ‘PMS &lard Software’. This software package
runs under Windows 98, 2000, NT or XP and allows garallel operation of up to four
modules, i.e. 8 counting channels. The resultdem@ayed either as bar graphs or as curves
that represent the photon density as a functictmetime or of any other externally variable
parameter. In conjunction with a DCC-100 detectmtmol board or a STP-340 step motor
controller board a wide variety of experiment ecohfunctions can be performed directly
from the PMS Standard Software.

Furthermore, the software allows setting of theice\parameters, loading and saving of
measurement data and system parameters, evaludtioreasurement data and arithmetic
operations between different curves.

To facilitate programming of special user softwBxel function libraries for Windows 98,
2000, NT, and XT, and for the Windows CVI systeniNational Instruments are available.



| ntroduction
Detectorsfor Photon Counting

The most common detectors for low level detectibn
light are photomultiplier tubes. A convention
photomultiplier tube (PMT) is a vacuum device whi
contains a photocathode, a number of dyng
(amplifying stages) and an anode which delivers
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Cooled avalanche photodiodes can be used to d
single optical photons if they are operated clas®ert
slightly above the breakdown voltage. The genera
electron-hole pairs initiate an avalanche breakdawi
the diode. Active or passive quenching circuits things
used to restore normal operation after each photon.

Quenching Circuit

pu

200V

Photon

Avalanche Photodiode

J\

Output

X ray photons can be detected by normal PIN diodesingle X ray photon generates so
many electron-hole pairs in the diode so that @sellting charge pulse can be detected by an
ultra-sensitive charge amplifier. Due to the lirdigpeed of the amplifier these detectors have
a time resolution in the us range. They can, howalistinguish photons of different energy

by the amount of charge generated.

The output pulse of a detector for a single phetttebn is called the ‘Single Electron
Response’ or ‘'SER’. Some typical SER shapes for ®&'€ shown in the figure below.
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Fig. 3: Single Electron Response of Different PMTs

Due to the random nature of the detector gainptiise amplitude is not stabltw
but varies from pulse to pulse. The pulse heightrithution can be very broa '
up to 1:5 to 1:10. The figure right shows the SEig@s of an R5600 PMT.

The following considerations are made with G beimg average gain, and Isg
being the average peak current of the SER pulses.

: : Amplitude
The peak current of the SER is approximately jitter of SER
pulses
G -e
Iser = -----m--- (G = PMT Gain, e=1.6 - 10"2° As, FWHM= SER pulse width, full width at half maximum)
FWHM

The table below shows some typical valuesr is the average SER peak current and Vser the
average SER peak voltage when the output is tetednaith 50Q. Imax is the maximum
continuous output current of the PMT.

PMT PMT Gain  FWHM ber Vout (50Q) Imax (CONt)
Standard 10 5ns 0.32 mA 16 mv 100uA
Fast PMT 10 1.5ns 1 mA 50 mVv 100uA
MCP PMT 16 0.36 ns 0.5mA 25 mvV 0.1uA

There is one significant conclusion from this tabfehe PMT is operated near its full gain
the peak currentsir from a single photon is much greater than the marintontinuous
output current. Consequently, for steady state atjwer the PMT delivers a train of random
pulses rather than a continuous signal. Becausle palse represents the detection of an
individual photon the pulse density - not the sigmaplitude - is a measure for the light
intensity at the cathode of the PMT.

Obviously, the pulse density is measured best lytiag the PMT pulses within subsequent
time intervals. Therefore, photon counting is aidafjconsequence of the high gain and the
high speed of photomultipliers.



Photon Counting - The Logical Solution

The figure below shows the differences between éthdfounting and Analog Signal
Acquisition of PMT signals.

Analog

. Low Pass
processing] 2" P2 | | NN\

/ Result
Signal from Detector \

(PMT) Counter — S
Photon
Result

Counting 1
Timer

Analog acquisition of the PMT signal is done by siining the random pulse train from the
PMT in a low pass filter. If the filter bandwidth low enough the PMT signal is converted in
a more or less continuous signal.

Photon Counting is accomplished by counting the Ppllses within subsequent time
intervals by a counter/timer combination. The doratof the counting time intervals is
equivalent to the filter time constant of the agatwocessing. If these values are of the same
size both methods deliver comparable results. Theme® however, some significant
differences:

A problem in many PMT applications is the poor gatability. The PMT gain strongly
depends on the supply voltage and is influencedobyl effects and ageing. For analog
processing the size of the recorded signal dependfie number of photons and the PMT
gain. Although the presence of the PMT gain in ribgult provides a simple means of gain
control, it is a permanent source long term inditgbi Photon Counting - in first
approximation - directly delivers the number ofofgns per time interval. The PMT gain and
its instability does not influence the result.

Photon Counting is insensitive to low frequencyseoiThere is also no baseline drift due to
spurious currents in the PMT or in the PMT voltalyeider. Analog Signal Acquisition is
very sensitive to these effects.

Due to the random nature of the gain process P&, the SER pulses have a considerable
amplitude jitter. In first approximation, Photon @xing is not influenced by this effect. For
analog processing however, the amplitude jittertrdomes to the noise of the result. An
example is shown in the figure below. The sameadigias recorded by photon counting (left)
and by an oscilloscope (right). The counter binringe and the oscilloscope risetime were
adjusted to approximately the same value.

‘ At -QO2 9

!

) ) O
1 I N O Y OOV Y P OV O SV
Recording of the same signal by a photon coungt) @gnd an oscilloscope (right).




Furthermore, most light detectors deliver numersmsill background pulses which have no
relation to the signal. A typical pulse amplitudstdbution of a PMT is shown in the figure
below. Although the single photon pulses have asidamable amplitude spread they are
clearly different from the background noise. By ieggpiate setting the discriminator threshold
the background is effectively suppressed withoss lof signal pulses.

Probability

Discriminator
Threshold

Typical PMT pulse amplitude distribution

Signal Pulses

Back-
ground

Discriminator Pulse Amplitude
Threshold

An additional source of noise are occasional detgmtlses with extremely high amplitudes.
These pulses are caused by cosmic ray particlesadigactive decay or by tiny electrical
discharges in the vicinity of the photocathode.dmse these events are very rare they have no
appreciable effect on Photon Counting. Analog Pssiceg, however, is seriously affected by
these high amplitude pulses.

In conjunction with pulsed lasers the simple gatiagability of a photon counting device is
important. By suitably gating the measurement, bemknd pulses of the detector and
background light signals can be suppressed. Funthrer, a distinction between fluorescence,
phosphorescence and Raman signals is possible.

Photon counting is sometimes believed to be a silesy method unable to detect fast changes
in signal shape or signal size. This ill reputatiommes from older systems with slow
discriminators and slow preamplifiers that were hleato reach high count rates.
State-of-the-art photon counters have fast disa@tors responding directly to the fast SER
pulses. Therefore, these devices are able to ghatbns at the maximum steady state load of
a PMT. In pulsed applications peak count rates ediogg 100 MHz are reached. At these
count rates measurement results can be obtainbdhwitfraction of a millisecond. Therefore,
photon counting should always be taken into comatd® before an analog data acquisition
method is used for optical signals.



ThePM S Module

Architecture of the PMS
A block diagram of the PMS is shown in the figusddv.
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The counting inputs Inp A or Inp B receive the $&nghoton pulses from the detectors. The
input signals are fed to discriminators which esp when the input voltage exceeds a
selected threshold. The input can be configuredpfwsitive or negative input pulses, the
discriminator threshold can be set from -1V to +1V.

The discriminators at the Gate A and Gate B inpedgive the gate pulses. The gate threshold
can be set in the range from -2 V to +2 V. Theefanalog gate signals (e.g. from a
photodiode) can be used as well as digital sigi@Zl4OS, TTL, ECL, NIM levels).

The pulses from the discriminators are fed to thBng circuits. These circuits deliver an
output pulse if the leading edge of the discrinronautput occurs within the gate pulse. Thus,
the resolution of the gate function depends onviltkh of the gate pulse only - not on the
width of the detector pulse. By carefully adjustithg gate input threshold a gate width down
to 600 ps can be achieved. To use detector andpgéges of any polarity, the circuit can be
configured by jumpers for positive or negative d&ie pulses and for 'active low' and "active
high' gate pulses.

All discriminators have response times in the sslyange. The pulses from the gate circuits
are counted by two fast 32 bit counters. Dependinghe input pulse amplitude, correct

counting can be achieved for frequencies up to ¥ &htl for a gate pulse width down to 1 ns.
In the figure below the maximum count rate is sh@sra function of the input amplitude for

a sinusoidal input signal.
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The measurement is controlled by the module cohagt in conjunction with the timer. To
set a defined collection time interval, the timsrloaded with the desired collection time
value. When the measurement is started, the timents down with the reference clock
frequency of the module. When the timer has expiledmeasurement is complete and the
counter contents are - depending on the operatimitem either stored in the memory or read
directly by the software.

Module control and data transfer is accomplished/®yinstructions. One module uses 24
subsequent /O addresses which can be configurea IBIP switch. Furthermore, one
independent 'SYNC' address is provided to enabi@lphoperation of several modules. This
address is set by the software via the individuatlabe address. It is used to start and to stop
the measurement in several modules simultaneoysin® 1/O instruction.

Operation M odes
Four different applications several operation maatesprovided.

In the 'Channel Rates' Mode the counter
results of the counter channels are displays
in an bar graph mode at the end of eaq
collection time interval. Depending on thq — |
‘Trigger Condition' the recording can be
started either immediately after finishing th¢
last collection time interval (Trigger
Condition 'none’) or by the next rising of ‘Channel Rates' Mode
falling edge of the trigger pulse. The
‘Channel Rates' mode is useful to test and to
adjust the measurement setup before the
final measurement is started.

Counter

I
Timer I
Collection Time

In the ‘Multiscaler’ Mode the counter results
of subsequent collections time intervals ar
stored in the memory. The results represe
the input pulse density versus time or th :
waveform of the measured light signal. Th Timer

time per curve point can be as short as 2 Collection Time
ns. The effective collection time per curve
point is 50 ns shorter, because this time ‘Multiscaler’ Mode
required to read the counters and to store the

results in the memory.

>

Counter
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Depending on the 'Trigger Condition' the recordiag be started either by the software start
command (Trigger Condition 'none’) or by the ristmdalling edge of the trigger pulse.

In the Multiscaler Mode several signal periods baraccumulated. In this case the recording
is restarted with the next trigger pulse aftereghd of the previous recording and the obtained
counter results are added to the current memortents The accumulation is accomplished
solely in the module hardware. This avoids timestoning software actions between the
signal periods and results in an exceptionally hégisumulation efficiency at high signal
repetition rates.

The whole measurement sequence is repeated ifejeat’ button is pressed. In this case a
'Repetition Time' can be specified. If 'Repetitione’ is longer than the overall recording time
the subsequent measurements start in intervalRegetition Time'. Otherwise the next
measurement is started immediately after the pusvame is finished.

The PMS software is able to control two step motoasthe optional step motor controller
card STP-240 (please see individual data sheetty/tvwww.becker-hickl.com). Step motor
actions can be defined in several places of thesutement sequence. Therefore a lot of
modifications of the measurement sequence arelpjesHia step motor action is defined after
each curve point, instead of a waveform the spdaakendence of the intensity or a spectrum
is recorded. With a step motor action after eaaliecthe dependence of the waveform of the
light signal of a spatial parameter

or the wavelength is obtained.

The ‘Event Mode' is used for| LU h LUL b ol o Lol ol (L
Sl n g I e mo I ecu | e d ete Ctl on | n Counting Results of Subsequent Collection Time Intervals:

continuous flow arrangements of L2l T s T2 =1+ o] o0 -0 sf ] ]
similar applications. In this mode ///
the incoming detector pulses ard " i 1 2 s 4 s & o
counted for the selected collectiorn] ColTme nienaino:t ¢ ] 7 |10 | 12

Counts: 7 4 5 4

time intervals. When the current
collection time interval is over the| ospeesveesenentresi:
counter results are compared to | |
user defined 'Event Threshodf —4—7-7F7---—"+V—"H74+-1 —17-—"-—""—-r7-—"-—"H+—"1-—""—""
value. If the result is greater thar R

the event threshold it is store
together with the time since the
start of the measurement.

In all measurement modes the gating capability mamused. Gating is used in conjunction
with pulsed excitation sources. The gate inputs losanused to reject background pulses
between the excitations, to gate off straylightspsl during the excitation or to reduce
fluorescence signals.
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Applications
Some typical applications are shown in the figure®w.

In the first figure luminescence decay curves ammded. The sample is excited by the light
pulses from a laser or a flash lamp. The light taditoy the sample is fed to the detectors
through filters which select the desired wavelengtige. The arrangement is very effective to
record phosphorescence and delayed fluoresceneg decwves or luminescence decay curves
of inorganic samples. (For fluorescence decay measnts we recommend our time
correlated single photon counting instruments \pihresolution.)

Trigger
Trigger
J\ /I/ Detector 1 A k
i Sample
Excitation
Detector 2 B -/\
Filter PM S-300
L uminescence Decay M easur ement PMS-400

To control any external parameter during the meamsant (e.g. monochromator setting), the
optional step motor controller STP-240 is used gpde see individual data sheets or
http://www.becker-hickl.com). In the figure belowhet system is upgraded by two
monochromators driven by step motors and the stapmeontroller STP-240. Depending on
the step motor action defined in the PMS softwéie arrangement records luminescence
spectra, excitation spectra, or luminescence deuaayes at different excitation or emission
wavelengths.

PM S-300

PM S-400
Reference | A
Mono- Detector Mono-

cromator cromator

Excitatior _I_Ii

Sample Detector  orp_oap

M onochromator Control by the STP-240 Step Motor Controller

The figure below shows an application of the 'EVdiode’ of the PMS for DNA sequencing
or other single molecule detection problems. Théemdes are running through a capillary. If
a molecule travels through the laser focus it cariopm some 10 000 absorption/emission
cycles. If the counting result of the current cclien time interval exceeds the specified
'‘Event Threshold', the counting result is storemhglwith the time since the start of the
experiment.

12



Capillary

Detector Detector _I_ A

Filter Filter B

Laser

PMS-300
PMS-400

In all operation modes the gate inputs can be tsedject background pulses between the
excitation pulses, to gate off straylight pulsesimyithe excitation or to reduce fluorescence
signals. Some examples are shown in the figureabelo

Reference Reference
Photodiode on Photodiode on
| | | off [ 11 off
Gate A Gate A
J\_Lk PMS-300 PM S-300
e I e B = =
_I_I_I_ Sample Cell Detector _I_I_I_ Sample Cell Detector
Gating off Straylight pulses Reducing the Fluorescence Signal
Reference
Photodiod ~
loae o g?f
| | | Gate A
PM S-300
Pulsed L aser PMS-400
L=
Sample Cell Detector
Reducing the background signal between excitaion pulses
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| nstallation

General Requirements

The computer must be a Pentium PC with a graplaas af 1024 by 628 resolution or more.
The operating system can be Windows 98, 2000, NTXR®. For one PMS modules the

computer should have at least 128 Mb memory, foeragpon of several PMS modules
256 Mb are recommended. Although the PMS Softwarpiires only a few Mb hard disk

space, much more space should be available totsavaeasurement data files. Although not
absolutely required, we recommend to use a computér a speed of at least 1 GHz for
convenient working with the PMS. For a single PM®-4module one PCI slot is required.
The older PMS-300 module needs an ISA slot. Uppto PMS modules can be operated in
parallel. Please make sure that you have enoutghalailable.

Software I nstallation

With the introduction of the PMS-400A module in M2§04 the installation procedure was
changed. The software comes on a CD that contHisefaware components commonly used
for PMS systems.

PM S Application

The PMS-400 and PMS-400A modules come with a soféwaackage that contains all
components to operate up to four PMS modules. oftevare works also for the older PMS-
300 modules. The PMS software is described undefti@re’ in this manual. The PMS
software is free. The complete installation and atesl are available from www.becker-
hickl.com.

DCC Application

This application controls the DCC-100 detector oumtér card that is often used in
conjunction with bh photon counters. For detaileape see individual DCC manual or
section “‘The DCC-100 detector controller’ in thismual. If you do not have a DCC-100 in
your system you need not install the DCC applicatiche DCC software is free.

DLL Libraries

To facilitate the development of user-specific wafte DLL libraries for the PMS modules,
the DCC-100, and the STP-340 step motor contralteravailable on extra order. Installing
the DLLs requires a licence keyword.

Important note: Before you start into the laboriausrk of developing your own programs
please check whether the problem can be solvetidbjunctions of the PMS software or by
the hardware control features of the PMS modulea$d do not hesitate to discuss the control
problem with bh.

Manuals

The pdf files of the PMS and DCC manuals and theuaks of the DLL libraries are in a
‘manuals’ folder on the CD. The latest versionstlod manuals are also available from
www.becker-hickl.com.

14



First Installation

When you put the installation disk into the CD dik WwrE =

the installation procedure starts automatically.oldi ‘“[.'n

want to start the procedure on command S

whatever reason, start PMS_setup_cd.exe from € @

CD. If the installation is run the first time itt@s @
| J ¥ ’.‘.'

=loix|

Welcome to the PMS Package
v.1.0 Installation Wizard

Itz strongly recommended that you exit all Windows programs
befare running this setup program.

Click Cancel to quit the setup program, then close any programs
you have running. Click Next to continue the installation,

“WARNING: This program is protected by copyright lavs and
up with the window shown right S

p g ) Unautharized reproduction or distibulion of this program, or any
portian of it, may result in severe civil and criminal penalties, and
will be prozecuted to the maximunm extent possible under lau,

The installation wizard bores you with the usth
copyright warnings. We explicitly note that you &
allowed

< Back Mest> I Cancel |

- to install all software features that are notfice- EEEET=TTT g =TI
number protected on any computer and N i seeconwre componen "
place you I|ke tO. Flease select which features you would like to instal B

¥ PMS .27 application

- to install the key-protected features on sewve
computers within your workgroup for use with ¢
PMS modules you purchased.

I~ PMS DLL v.2.4 [ License number required |
¥ DCCv1.22 application

[~ DCC DLL +.1.01 [ License number required ]
The next window allows to select the softwe ™ sTP oL v20
components you want to install. If you have no ot

modules than the PMS module installing the PI

Please contact info@becker-hicklde to get license number,

. . . . . Cancel I
application is sufficient. -
i PMS Package v.1.0 Setup P [ |
If you SeleCt featu res prOteCted by a IICen Ce n urr use;rt::]trhr:z\i\::mg information to personalize your installation. 'll

the next widow asks you for the licence numt
Type in your licence number, or, if you cannot fii ™" fanes Bord

it, please call bh under +49 30 787 56 32 or etoa ™ v
info@becker-hick.com. If possible keep th.. * L L FHL]
purchase number handy - this simplifies reproducErEz=r i
your licence number. Destnton Foder "

Select a folder where the application will be installed.

In the next window you can - but need NOt - Chal s sy sttt s o 7S ackage 1 0 package et
the directory (‘base folder’) in which the Select e comonens s moe e sbsvectores
Software features WIII be |nSta”ed. The |nSta!t'at| Toinstall into a different base folder. click the Brawss buttan, and select another folder.
procedure W|" Create individual SUb'directories 1 m?afgnchoosenonoimtanPMsPackagev.1UbychckingCancenoemthe|nsta||anon
the selected software components in the sele  oursinpeeroe
folder. Moreover, you can define a ‘data bz [ven ==
f0|der’_ ThlS f0|der iS Used as a Working direCtO\ The installed applications wil stare their warking fles inta the subdirectaries in the follawing

data base folder.

and as a default directory for loading and saviaig ( ramm.jg,.D,mgappﬁm‘;;

and Setup f”eS. C\ProgrammeiBH Browse ‘
After you confirmed the base directory tlEEEREE=E —
installation wizard is ready to install the sel@ct * e e n

components. You have a last chance to cancel o _
insta”ation Or to go baCk to the previous Sten.eAi a:écbvitlg:'gackhutlonloleantelthe\nsta\lat\on|nfo|mat|ono|cllckEanceIloexll

clicking on ‘Next’ the installation goes ahead.

13 PHS Paokage v-1.05oup T
C O pyi n g th e fi | es Wi | | take SO m e Se CO n d S fo r eé upd:‘::?ezsl::;u selected are cunently being installed. I.I

selected feature. It is not required to re-boot

computer after installation. At the end you get Il
message ‘PMS package has been success T
installed'.
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If you are using the PMS and DCC softweEEBRmritET
frequently we recommend to create a shortcut on/i &

desk top. lm,ﬂ

i 5

_&.“: Click the Finish button to exit this installation.
Note: If software components of the PMS packageheady installed the next installation of

the same version of the package comes up withferelift start window. To install additional
components or repair a damaged installation plsasélnstalling New Features’ or ‘Software
Repair’.

PMS Package v.1.0 has been
successfully installed.

When you have installed the PMS software, pleasd ss an email with your name, address
and telephone number. This will help us to prowda with information about new software

releases and about new features of your modulehwiigy become available in future. We
won’t use your address to spam you with advertising

Softwar e Update

If you install a newer PMS software version over @der one the installation runs as

described under ‘First Installation’. Only fileseareplaced which have a later date on the CD.
This, to a certain extend, avoids overwriting sdfilgs like auto.set (the last system settings)
or hardware configuration files. Consequently, gannot install an older software version in

the place of a newer one. If you want to do th@ifmally there is no reason why you should),

run the ‘Uninstall’ program before installing.

Update from the Web ==

The latest software versions for all KIS Photon Countigg
modules are available from
Becker & Hickl web site. To install the
PMS software from the web, please op
www.becker-hickl.com, and click on th|
‘Software’ button.

High Performance

‘ Software

‘ Contact

Workshop on Diagnostical Optical Imaging and Spectrocopy, 26 - 27 September 2002, NI, Bathesda, VD

On the ‘Software’ page, click on ‘PMS
Modules’, ‘Operating Software fol
Windows 98 / NT4 / 2k /XP.

Then click on ‘Setup’ for PMS. Downloa
PMS_setup_web.exe and execute it.

works in the same way as the installati
from the CD.

It can - but need not - be required that

Becker & Hickl GmbH
Mahmitzer Damm 30

B TCSPC - Modules D-12277 Berlin

M Gated Photon Counters | Multiscalers f::"g :ﬁg gg;;g;g?gi
B sampling / Boxear Devices ernail info@beckerhickl com
B Lockdin Amplifiers wws beckerhickl.com
B Amplifiers

B Detectors

B Diode Lasers b Photonic Solutions

B Experiment Control | Delay Generators }'p/ Tokyo Instruments

SPC.830; High Resolution TCSPC Imaging and FCS-Module

Operating Software for Windows 95 /98 / NT4/ 2K / XP

G Modules Name Version Setup Notes Manual Size | kb
w

SPC-830,SPC-134, spcm 767 g 8210
SPC-Tx0, SPC6x0, = H

‘ . SPC5X0, SPC4X0,  spcm 7257 3288
have to download the ‘Windows Installe [5s 209
H MR d - TCSPC Package 1.4 - | I Wind I ller 2.0
from Microsoft. If the setup procedurf L e

on ‘Windows Installer 2.0'.

After installing a new software version
recommend also to download the

corresponding manual. Click on ‘Manual’ and dowwldbe PDF file. Please see also under
‘Applications’ to find notes about new applicatianisthe bh photon counting modules.
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Installing New Features

It may happen that you want to add new softyyEEEZEEAET —
components from the CD to an existent insStallati ™ s s )
In this case the installation procedure recognibes . i
installed components and starts as shown in theefi o G R

. B Enables changing compatibiity made.
right. © gepei

Reinstall missing or conupted filss, registry keys, and shotuts

Chose ‘Modify’ and click on ‘Next. The nex S o eniemisdnms
window shows which of the components are install gn  Urietal S Pockege w0 o i computr
To install a new component, click on the field wi E
the X', and chose ‘Will be installed on local haEEEEEr=EmE
drive’. You can also chose ‘Entire feature Will | ™ s i e o o )]
installed on local hard drive’ to install the fe@wvith — Em

=loix|

Feature Description:
Installation of PMS DLL files
[ Licenze number required |

all available sub-features. If you click on ‘Enti| - ©=- s
feature will be installed when required’ the featt| srouwis e
will be copied from the CD when it is called thesfi S
time.

The rest of the installation works as describedeund

. . f& PMS Package v.1.0 Setup =lo=|
‘First Installation’. Roacy o Modiey the Appiiation

Click Mext to begin installation. I.l

If you selected a key-protected feature you will
. . Click the Back button ta reenter the installation infarmation or click Cancel ta exit
asked for your licence number. You get the lice| e

number when you purchase the seleCkiryzmrmmr Eix
component(s). If you have already purchased wewse M

components but cannot find the licence numt
please call bh under +49 30 787 5632 or malil kg
info@becker-hickl.com. If possible keep il

. . [
purchase number handy - this helps reproducing
licence number.

) i PMS Package v.1.0 Setup N ] [
$ftwar e Rwal r npp::::::;:“r:;?;:::;: operation to perform. 'll

If the PMS package has been damaged, e.g. if & - yun
has got lost or corrupted, please start the irgiafi Ik S s et

. . . g Enables changing compatibility mode.
procedure as described above and chose ‘Repair’ g

Reinstall missing or conupted files, registry keys, and shortcuts,
g.s'

Preferences stored in the registiy may be reset to default values.

The procedure will check your files and, if somethi

is wrong or missing, copy the correct files to tized ”@%E
disk.
Deleting the PM S Package n
Select the maintenance operation to perform. )

To delete the PMS package from a computer, star
. - " Modi
installation CD and chose ‘Remove’. The ‘remov “g. Chrge i splciontcnzs e Diis e
procedure removes all software components of =5 st
package, but not the data and setup files of iy R
previous measurements. e

%q Uninztall PhiS Package v.1.0 from this computer.
Installation of the PMS Module [ I

To install the PMS module, switch off the compuad insert the module into a free slot. To
avoid damage due to electrostatic discharge wenremnd to touch the module at the
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metallic back shield. Then touch a metallic partted computer with the other hand. Then
insert the module into a free slot of the computerep the PMS as far as possible apart from
loose cables or other computer modules to avoisenpick-up.

PM S-400 and PM S-400A

The PMS-400 and -440A modules have PCI interfavésmdows has a list of hardware
components, and on the start of the operating isysiteautomatically assigns the required
hardware resources to the components of thislfistou have several PMS-400 or -400A
modules in the computer each PMS gets its own addenge.

Windows has a list of PCI hardware components,@anthe start of the operating system, it
automatically assigns the required hardware regsutc the components of this list. If you
have several PMS modules in the computer each raaubmatically gets its own address
range.

When the computer is started the first time wite #MS-400 Windows detects the PMS
module and attempts to update the list of hardwarmponents. Therefore it may ask for
driver information from a disk. Please select theet information file from the driver disk
delivered with the module.

If you don’t have the driver disk, please downldlae driver file from www.becker-hickl.com
or www.becker-hickl.com, ‘Software’, ‘Windows 98/WI000’, ‘Device drivers for bh
modules’.

PM S-300

The PMS-300 has an ISA interface. It has a DIPcwid set the I/O address of the module.
Changes of the module address for a single PMS{86® section below) are not normally
required. However, for the operation of several PBO® modules in one computer the
module addresses must be different, and the addrals®s must be declared in the
PMS300.INI file (see ‘Changing the Module Addredstlte PMS-300’). If you purchase

several PMS-300 modules for operation in one PCcae deliver the modules and the
PMS300.INI file in a ready-to-use configuration.

Module Test

When the module is inserted, switch on, sl
Windows and start the PMS software. T | 8 veseo e oc s onooes o oneois oo am e
initialisation panel shown right should appeareT| - e totow

" Info [=]

Photon Counter/Multiscaler PMS
Version 2.4, 06 December 2001, for Windows 9x/2000/NT

In use Initialisation Status

zz z
22
2

installed modules are marked as ‘In use’. F i Fie: | S \pmedE\prms 30
modules are shown with their serial number, F [

Number of active modules = 1

address and slot number.

The software runs a simple hardware test whe |
initialises the modules. If an error is found, e
message ‘Hardware Errors Found’ is given and the. e
corresponding module is marked red. In case of 1
fatal hardware errors you can start the main pbyle
selecting ‘Hardware Mode’ in the ‘Change Mod;,
panel. Please note that this feature is intended"
trouble shooting and repair rather than for norr ”
use.

When the startup window appears, click on ‘OK’|: =
open the main panel of the PMS software. Se™
'‘Main' and start the 'Counter Test' function. D |=
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error is returned, you can expect that the modubeksv correctly. Note: For running the
‘counter test' no input signals must be conneadtid module. During the test, the modules
apply test pulses to their own inputs to test tiserdminator and counter reaction. If there are
additional external input pulses the self test alibw errors.

| nstallation Problems

If there should be any malfunction after installihg PMS it may have one of the following
reasons:

- Computer does not start: Module not correctiented or connector dirty. Clean connector
with ethanol, propanol or acetone, insert moduleefadly. In terms of mechanical
dimensions, computers are not even precision devieemetimes there is some side play in
the connector, and mechanical stress can causact@noblems.

- PMS-300, Module not found: Address set on the miedoes not correspond to address in
PMS300.INI file. Change setting of DIP switch odaeks in file (see below).

- PMS-300, Module not found: Another module in € has the same I/O address as the
PMS-300. In this case change the module addredesasibed under 'Module Address'. If
there are only the standard modules (hard diskpftadrives, COM ports, LPTs, VGA) in
your computer the default address range (380h &n 36r one PMS modules) should be
free.

- PMS-300, ‘Hardware Error detected’: Another madinl the PC has the same I/O address as
the PMS-300. In this case change the module addeedsscribed under 'Module Address'.

- PMS-400, Module not found: Driver not correcthgialled.

- PMS-400, Module not found: CMOS setting of tlenputer is wrong. New PCI devices are
not accepted. Set ‘Plug&Play’ ‘off’. Try with anahcomputer.

- PMS-400, Module not found: Module not correcthserted or connector dirty. Clean
connector with ethanol, propanol or acetone, insedule carefully. In terms of mechanical
dimensions, computers are not even precision devieemetimes there is some side play in
the connector, and mechanical stress can causact@noblems.

Module Address, I nstalling Several PM S-300 M odules

If there is more than one PMS-300 module insertedhe computer or if the computer
contains other measurement devices which occupPMS default address, the PMS module
addresses must be changed.

Each module is controlled by a block of 32 subsatji® addresses. The start address of this
block is the 'Module Base Address'. The module lamiklress is set by a DIP switch on the
PMS-300 board (see figure below). The address valssvitched on if the switch is in ‘on'
position.

10-Address:

32 64 128 256 512 not used, set to 'off'
20H 40H 80H 100H 200H

-00BB600C

Default Setting: 380H, board connector at the bottom
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The software (standard software or library functjoreads the addresses of the used modules
from the configuration file PMS300.INI. Therefotbe DIP switch setting and the addresses
in PMS300.INI must be the same. The PMS300.INIdd@ be edited with any ASCII editor
(e.g. Norton Commander).

The configuration file contains a first part whichcommon for all modules, and a module
specific part. The common part is specified byhibadline

[pms_base],

the module specific parts by the headlines

[pms_module0]
[pms_modulel]
[pms_module2?]
[pms_module3]

Die Base addresses of the modules are declaredhen niodule specific part by

base adr=0x... (hexadecimal) or byase adr=.... (decimal). The default values
are

base_adr = 0x380 for the 1st module

base _adr = 0x280 for the 2nd module

base adr = Ox2A0 for the 3rd module

base_adr = 0x2CO for the 4th module
Each module can be set ‘active’ or ‘inactive’ kactive=1’ or ‘active=0’ . All

modules which are present in the system must blardelcas ‘active’. On the other hand, if a
module is not presentactive=0’ should be set to avoid that the software attempts t
initialise this module and displays an error.

In addition to the base address each module h@gna 'Address' which is the same for all

used modules. This address is used to start astbpothe modules simultaneously. It is not
set by a switch on the module but programmed hbiyvsoé via the module base address block.
The sync address must be dividable by four. Thee3yddress is defined in the common part
of the PMS300.INI file:

sync_adr = 0x.... (hexadecimal)
or
sync_adr = .... (decimal)

For the 'Sync Address' space is provided within ibee address block at base_adr + 18h
(base_adr + 24). The default valuesignc_adr = 0x398

Using the PM S Software without PMS Hardware

You can use the PMS software also without the PMiSlware. The software will display a
warning that the module is not present. If you pttkis warning the software will start in a
special mode with the measurement being simulated.can load, display, process and store
data and do everything except a real measurement.

When a PMS module is present, the software canolmed into the simulation mode by
selecting ‘Hardware Mode’ in the ‘Change Mode’ womdof the initialisation panel .

20



Building up Experimentswith the PMS

Count Inputs

The detector pulses are fed to the COUNT inputh@PMS-300 or PMS-400. The inputs can
be configured to count either at the positive otlenegative pulse edge. A count is initiated
when the input signal crosses the trigger thresimolde selected direction, see figure below.

Count Count
) \
Count Count
Count Threshold Vv Vv
Positive Edge Negative Edge \ Soinihireshold /
Positive Edge Negative Edge

The active edge is selected by jumpers on the PMErd The default setting is 'negative
edge’ as required for photomultipliers. The logatd the jumpers on the board is shown in
the figure below. Both channels can be set indeprihd

Gate 'Low’ Gate 'High'
P 2o «— = 0
E— ST Count Input Count Input
i 4 | 'positive edge' 'negative edge '
oA, - 5o s
aﬁ T e A

Lount

PMS-300: Selectlng the active edge of the counitsp

Channel A
Gate 'Low' Gate 'High'
=
— = 00
Gate A Count Input Count Input
‘negative edge ' 'positive edge'
< = [eXe]
(eJe}
Count A =
. Channel B
Trigger
e Gate 'Low’ Gate "High'
=
Cate B % = |1| |I|
Count Input Count Input
‘negative edge ' 'positive edge'
Count B e e
oo =
PM S—Z!OO and PM S-400A:
Selecting the active edge
of the count inputs
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The input amplitude should be in the range betvaemV and 1 V. Amplitudes above 1.5V
are clipped by safety diodes at the module inputsds up to 30 V (max. 1 us) and DC
voltages up to 5V will not damage the module. Hesve input amplitudes above 2.5V
should be avoided, since they can cause false ioguthtie to reflections or crosstalk between
the channels.

To count pulses with amplitudes less than 20 mVreemmmend to use preamplifiers. BH
delivers amplifiers which are powered from the §ubeonnector of the PMS module (please
see individual data sheets or http://www.beckeklttom).

GATE Inputs

Fast gating of the counter operation is accomptidhye using the GATE inputs. The pulse
edges at the COUNT input are counted only as |er@naappropriate level at the GATE input
is present. Configurable by jumpers on the bodu& counters can either be enabled by a 'high
input state (gate input voltage > gate threshotd)yoa ‘low' input state (gate input voltage <
gate threshold).

The figure below shows the gate function for thetitee high’ gate and the ‘positive edge’
count input configuration. An input pulse is couhighen its active edge is within the gate
pulse.

Gate: Gate Gate Gate Gate Gate Gate
active high open closed open closed open closed
Gate ' \ ' \ ' \
Threshold I \ I \ ] \

A~ = L

Input:

positive
no count no count
edge count

Input

a\ N N\
Vi E AN AN

Because the gate of the PMS is edge controlledjatiag resolution does not depend on the
detector pulse width. The effective gate duratiepaihds only on the gate pulse width, even if
the gate pulse is shorter than the detector pulse.

The location of the jumpers on the board is shawthe figure below. Both channels can be
set independently. The default setting in new meslig ‘active high'.
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Gate 'Low' Gate 'High'
< =
1 | - = |I| |I|
- f AR Input 'positive edge' Input ‘negative edge’
: iy ¢ = 00
(of¢} =
aﬂu’ ."1‘ : T .
il
Count LD PMS-300:
L Gate Polarity Selection
Channel A
Gate 'Low' Gate 'High'
é =
Caizil Count Input Count Input
'negative edge ' 'positive edge’
= oo
Count A oo =
Trigger Channel B
Gate 'Low' Gate 'High'
Cate B =
=
Count Input Count Input
Count B ‘negative edge ' ‘positive edge'
oo
oo =
PM S-400 and PM S-400A
Gate polarity selection

If the gate inputs are not used the gate must tiateethe 'active’ state by a gate threshold < 0
in the active high configuration or by a gate thadd > 0 in the active low configuration. If
you do not know the setting of the jumpers on yaadule, run the '‘Counter Test' function
(under 'Main'), which returns the actual settinghaf gate polarity jumpers.

The pulse amplitude at the gate inputs should b&hénrange from 20 mV to 2 V. Input
voltages above 2.5 V are clipped by input protectimdes. Pulse amplitudes up to 30 V and
DC levels up to 3.5 V will not damage the modutgut amplitudes > 2.5 V should, however,
be avoided to reduce reflections and crosstalk éatvdifferent inputs.

Generating a Gating Signal

A gating signal is not required for standard muolisr applications of the PMS. The PMS
can, however, be used as a gated photon countgat® off background pulses or to
discriminate between luminescence and scattenmmany cases a simple photodiode can be
used to generate a useful gating signal.

To derive a gating signal from a laser pulse secgienfast PIN photodiode with >300 MHz
bandwidth should be used. In the figure below twopge circuits for positive and negative
output pulses are shown.
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% \a EJL N

: -12V

Negative Output Positive Output

Complete photodiode modules are available from Beék Hickl. These modules get their
power from the PMS module so that no special pasu@ply is required. For low repetition
rates we recommend the PDM-400, for high repetitades the PHD-400 which incorporates
a current indicator for convenient adjusting. Béeacontact Becker & Hickl or see

www.becker-hickl.com.
o ks
R
.
®

s

e
s |
3)) o |

Fast Photodiode Modules from bh

Photomultipliers are not recommended for gatinge ©tput signal of a PMT is a train of

random single photon pulses (see ‘Introductiorf)such a signal is used to drive the gate
input the gate is opened (or closed) by the indi@idohotons rather than by the whole light
pulse. If the use of a PMT for gating cannot beided (e.g. due to low intensity), the gain of
the PMT should be reduced until a continuous outpghal with an acceptable SNR is

achieved.

Special Configurations of the GATE and COUNT Inputs

To meet special requirements the gate and counttsnpan be configured with special
discriminator level ranges. The modified values stteed in the on-board EEPROM and are
used by the software to set and display the cotheeshold values. Please contact Becker &
Hickl if you have special requirements.

Trigger Input

The trigger input is used to start a measuremenarbyexternal event (laser shot, spark
discharge etc.). Although a measurement can bdedtdry simply giving a software
command, triggering is required for measuremenfasittime scales and for accumulating a
signal over several signal periods.

Depending on the "Trigger Condition' the recordiag be started either by the software 'Start’
command (Trigger Condition 'none’) or by the risordalling edge of the trigger pulse. If the
step motor controller is used and the trigger ciowliis different from 'none' the trigger
action depends on the defined step motor actioadoAg as no step motor action is defined
‘After each Point' (see 'Stepping Device Configarg} the trigger starts the recording of a
complete curve or a complete sweep (if 'Accumulstedctive). With a step motor action
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‘After each Point' each collection time intervalstarted by a trigger pulse. This allows the
synchronisation of the stepping action with a pdiléght source.

PM S-300

The trigger input of the PMS-300 uses TTL/CMOS Isvand is connected to pin 4 of the
sub-D connector. The internal configuration of thgger input and some simple optical
trigger devices are shown in the figure below.

+5V  +5V

Simple Optical Trigger Devices

. . 10k
Phototransistor Photodiode Trigger51

S 'lr‘ f‘tf‘ Input

The input is protected by two safety diodes and@ & esistor. The 10® resistor pulls the
open trigger input up to the 'high' level. Therefa simple photodiode or phototransistor can
be used to derive a trigger signal from an optmdse. The minimum trigger pulse width is
5 ns.

PM S-400

The PMS-400 has a fast discriminator at the triggput. The input connector is at the
backplane together with the Count and Gate infuts.trigger threshold can be selected from
-2 V to +2 V. The internal configuration of thegger input and some simple optical trigger
devices are shown in the figure below.

CMOS
(HCT 14)

PMS-300 Trigger Input

Photodiode

-5V __%op '
I Trlgger51
I Input

5y job Threshold

Simple Optical Trigger Devices PMS-400 Trigger Input
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Choosing and Connecting the Detector

Conventional PMTs

A wide variety of PMTs is available for the PMS. 84&°MTs can be connected to the PMS-
300 or PMS-400 without a preamplifier. However,ingprove the noise immunity and the
safety against detector overload we recommenddahes HFAC-26 preamplifier of bh. This
amplifier incorporates an detector overload indicawhich responds when the maximum
detector current is exceeded.

Since the time resolution of the PMT is usually aatoncern for the PMS you can select the
PMT by the desired spectral range, the cathoddtséiys the dark count rate and the pulse
height distribution. Simple side window PMTs (ROZ31 etc.) often give good results.
However, these PMTs have a SER (Single Electrop&te®) rise time of some ns which can
impair the gating resolution. Therefore, for gatedasurements with gate pulses below 10ns
faster PMTs or PMT modules should be used (e.g. AldBior H5783).

Generally, the PMT should be operated at a gainigts as possible. This helps to suppress
noise signals from lasers, from the computer anfradio transmitters.

The output pulses of photomultipliers do not havdefined pulse height - the amplitude

changes from pulse to pulse. Even good photomidtgpkpecified for photon counting have

an amplitude spread of 1:2 and more. With stan®Md's the amplitude spread can easily
reach 1:5 or 1:10. As the figure below shows, deuldunting can occur if the pulses have a
broad amplitude distribution and a bad pulse sha@petefore, the input pulses should be free
of reflections, after-pulses and ringing. If thdgaushape cannot be improved by optimising
the detector circuitry the use of a low-pass fiiemmplifier of suitable bandwidth can solve

the problem. The PMS-400A has a selectable low-pidtes (‘Holdoff' function) in the

discriminators.
.

Input Pulse has Reflections: Double Clean Input Pulse: Correct Result
Counting at high Amplitudes

Hamamatsu R5600, R7400 and Derivatives

The R5600 and R7400 tubes made by Hamamatsu arfg sm=
(15 x 15 mm) PMTs with a correspondingly fast rews®

Based on these PMTs are the H5783P and H5773P deinstar
modules. The H5783P incorporates a R5600 or R740D &hd

the HV power supply. The SER pulses have 2 ns F\irlfla
rise time of less than 1 ns. For optimum resulig, the '-P' type, = :
which is specified for photon counting. The Hamamatsu H5783 with a

The H5783-P can be connected directly to the PM®-a@gd " MA-100 low cost amplifier
PMS-400 modules. However, to get maximum counting
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efficiency and to improve the safety against deteciverload we recommend to use the
HFAC-26-10 preamplifier of bh. This amplifier ingmrates an detector overload indicator
which responds when the maximum detector curreexéeeded.

The H5785P and H5773P require a +12 V supply agairacontrol signal. The +12 V is can
be taken from the Sub-D connector of the PMS maduléne gain control voltage can be
obtained from a simple voltage divider. A more cortdble solution is the DCC-100 detector
controller of bh (see ‘The DCC-100 Detector Corént). This module allows software
controlled gain setting, detector on/off switchemgd overload shutdown in conjunction with a
bh HFAC-26 preamplifier.

PMH-100 and PM C-100

ARy 2 3

The PMH-100 mpdgle contains a H5773-P, a fast pphfier - (ﬂ '
and an overload indicator LED. The PMH-100 has af@aunt’ LR3 i
adapter for simple attaching to the optical setiip.simple .@

+12 V power supply and the internal preamplifidowal direct

interfacing to all bh photon counting devices. Doiés compact — e e
design and the internal preamplifier the PMH-10@tdees o. ® &
excellent noise immunity. — e 4

The PMC-100 is a cooled version of the PMH-100. The PMH-100
PMC-100 requires the DCC-100 detector controller gmper
operation. The DCC-100 delivers the current for fredtier e
cooler and provides an overload shutdown of theaiet. Due
to the cooling, the PMC-100 is available with NI&asitive
cathodes and yet delivers low dark count rateseéially the

PMC-100-20 is an excellent detector for NIR diffusptical
tomography.

The PMH-100 and PMC-100 detectors feature excegiior
stable instrument response functions at high coatds. For
count rates up to several MHz the walk of the firsiment of i
the IRF in TCSPC applications is less than 2 ps. ;

PMC-100

Hamamatsu H7422 and H8632

The H7422 and the H8632 are high speed, high sahysPMT modules. The module feature

excellent sensitivity in the red and near-infraregion. They contain a GaAs photomultiplier

along with a thermoelectric cooler and a high \g@tgenerator. The resolution in the TCSPC
(time-correlated single photon counting) mode ipidglly 250 ps. The H7422 comes in

different cathode versions for the wavelength ramgéo 900 nm. The H8632 is available for
the wavelength range up to 1100nm.

The modules must be handled with care because atmdes can easily be damaged by
overload. Exposure to daylight is not allowed eweinen the devices are switched off.
Therefore, the H7422 and the H8632 should be uséddam HFAC-26-1 preamplifier. Gain
control and cooling can be achieved by usingah@®CC-100 detector controller.

Hamamatsu H7421

The H7421 is a TTL output version of the H7422. Tinedule feature excellent sensitivity in
the red and near-infrared region and comes inréiftecathode versions for the wavelength
range up to 900 nm. The H7421 can be connectdtetBMS via a 10 dB to 20 dB attenuator.
Because the H7421 has its own discriminator yownaaohange the count threshold for the
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SER pulses. Moreover, the discriminator is notasd &s the discriminators in the bh PMS,
MSA or SPC modules. That means that the H7421 éss time resolution when used in
TCSPC applications. Furthermore, the peak couset wdten used with ah PMS or MSA
module is lower than for the H7422. As long as pealnt rate is not a concern and the
H7421 is for the PMS only it can be used as wethasH7422.

MCPPMTs

MCP-PMTs (e.g. the Hamamatsu R3809U) achieve exwetime resolution in the TCSPC
(Time-Correlated Single Photon Counting) mode. Fii¢HM of the SER is less than 500ps.
However, MCPs are expensive and are easily damageete lifetime is limited due to
degradation of the microchannels under the infleeat the signal electrons. Because the
excellent timing performance of an MCP cannot bglated with the PMS there is no reason
why you should use such an expensive detectom IM&P is used with the PMS-300 or
PMS-400 for whatever reason it should be connedsedn HFAC-26-01 preamplifier.

Reducing the Dark Count Rateof PMTs

For high sensitivity applications a low dark couate is important. Attempts to decrease the
dark count rate by increasing the discriminatoeshold are not very promising. Except for
very small pulses, the pulse height distributiothis same for dark pulses and photon pulses.
Thus, with increasing discriminator threshold theion count rate decreases by almost the
same ratio as the dark count rate. To achieve a davk count rate, the following
recommendations can be given:

- The simplest (but not the cheapest) solutionascool the detector. A decrease in
temperature of 10 degrees Celsius typically redtiveslark count rate by a factor of eight.
For PMTs which are sensitive in the infrared ra(yg-O-Cs, InGaAs) cooling is absolutely
required.

- Avoid heating the detector by the voltage dividerby step motors, shutters, preamplifiers
etc. Already a few degrees increase in temperaamedouble the dark count rate.

- Use a PMT with a cathode area and with a catimadéarger than necessary and not more
red sensitive than required for your application.

- Keep the PMT in the dark even if the operatiogfage is switched off. After exposing to
daylight the dark count rate is dramatically ineeh It can takes several hours or even days
until the PMT reaches the original dark count rate.example for an H5773P-01 is shown
below.

PMS-300

100000

10000+

1000

Count

100

: _1 4001 8001 12001 16001 20000 24000 28000 32000 36000
Time [s]

Decrease of dark count rate (counts per secoraH¥773P-01 after

exposing the cathode to room light. The device ewded to 5°C. The

peaks are causes by scintillation effects.

28



- Do not overload the PMT. This can increase th&k d@aunt rate permanently. Extreme
overload conditions are sometimes not noticed, umedhe count rate saturates or even
decreases at high light levels.

- Keep the cathode area clear from lenses, windowishousing parts. The cathode area is at
high voltage and contact with grounded parts caiseacintillation in the glass of the PMT.
The effect shows up as short bursts of counts &itlemely high rate.

- The same effect is caused by cosmic ray partahelsradiation from radioisotopes. Materials
likely to contain radioactive isotopes should beided in the vicinity of the PMT.

- Keep the cathode area absolutely clean.

- Avoid the contact of the PMT with helium. Heliymermeates through the glass and impairs
the vacuum in the tube.

- An efficient way to reduce the effective dark nbuate is to use gated detection in
conjunction with pulsed excitation. Depending oe kaser repetition rate and the gate width
a background reduction of several orders of magderitgan be achieved, see ‘Gated
Detection’.

Checkingthe SER of PMTs

If you do not know the amplitude or shape of theg& Electron Response of your PMT you
can measure it with a fast oscilloscope. The amsuthpe must have sufficient bandwidth
(>400 MHz) to show the rise time of the pulses. @t the PMT output to the oscilloscope.
Do not forget to switch the oscilloscope input ¢® Set the trigger to ‘internal’, ‘normal’,
‘falling edge’. Start with no light at the PMT. Qwl on the high voltage and change the
trigger level of the oscilloscope until it is trigged by the dark pulses. This should happen at a
trigger level of -5 mV to -50 mV. When the oscilbope triggers, give some light to the PMT
until you get enough pulses to see a clear trace.

The single photon pulses have an amplitude ji
of 1:5 or more. This causes a very noisy curve
the oscilloscope display. Nevertheless, the p
shape can be roughly estimated from the displ
curves. A typical result is shown in the figurehtig

Please don't attempt to check the single elec
response of an MCP with an oscilloscope. Beca
there is no control about the output current,
MCP easily can be damaged. Furthermore,
measurement is of little value because the pu
are too short to be displayed correctly by™a
conventional oscilloscope. If you really cannothstand the temptation to measure the SER,
use an HFAC-26-01 preamplifier.

Safety rulesfor PMTsand MCPs

To avoid injury due to electrical shock and to avdamage to the PMS module, please pay
attention to safety rules when handling the highage of the PMT.

Make sure that there is a reliable ground connedtietween the HV supply unit and the
PMT. Broken cables, lose connectors and other bathcts should be repaired immediately.

Never connect a photomultiplier tube to a PMS meduhen the high voltage is switched on!
Never connect a photomultiplier to a PMS if thehhigltage was switched on before with the
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PMT output left open! Never use switchable atteorsabetween the PMT and the PMS!

Never use cables and connectors with bad contatis! same rules should be applied to
photodiodes (at the gate input) that are operatsd@ply voltages above 30V. The reason is
as follows: If the PMT output is left open whileetfdV is switched on, the output cable is
charged by the dark current to a voltage of son®/18hen connected to the PMS the cable
is discharged into the PMS input. The energy stametthe cable is sufficient to destroy the

input circuitry. Normally the limiter diodes at thieput will prevent a destruction, but the

action will stress the diodes enormously. So demipt fate!

To provide maximum safety against damage we recordnt@ connect a resistor of about
10 kOhm from the PMT anode to ground inside the RM3e as close to the PMT anode as
possible. This will prevent cable charging and padevprotection against damage due to bad
contacts in connectors and cables.

Avalanche Photodiodes

Avalanche photodiodes (APDs) have a high quantditiezicy in the near infrared. Although
this looks very promising, some care is recommend&ay a few APD types are really
suitable for photon counting. If a high count retelesired an active quenching circuit for the
APD is required. Furthermore, the diode must bdezbdl he dark count rate per detector area
unit is much higher than with a good PMT, evenhé tAPD is cooled to a very low
temperature. Good results can be expected if ¢t dan be focused to an extremely small
detector area and a correspondingly small APDeslus

The SPCM-AQR single photon avalanche diode modintes EG&G (Perkin Elmer) work
with the PMS modules if connected directly to tR@unt’ inputs. The SPCM-AQR modules
deliver 5 V pulses with 20 to 50 ns duration. Tighhamplitude causes some reflection at the
PMS input, which is, however, no problem as longhes connection cable is shorter than
2.5 m. However, if an APD module is connectedrie BMS channel and a PMT to the other,
we recommend to use an attenuator of 20 dB (10:Hvbid crosstalk into the P and PMS-
400MT channel.

When a photon is detected by an APD which is opdrat the photon counting mode, a light
pulse is emitted by the diode. The intensity isyMemw so that this pulse usually does not
cause any problems. However, if a second detestmonnected to another PMS channel
crosstalk can result if both detectors are ogticaupled.

Preamplifiers

Most PMTs deliver pulses of 20 to 50 mV when opedadt maximum gain. Although these
pulses can easily be detected by the PMS-300 an&-#M input discriminators a
preamplifier improves the noise immunity, the tinad accuracy
and the safety against damaging the PMM input.heumore, it
can extend the detector lifetime by reducing tlipiired detector
output current and avoiding overload conditions.

el
Out
Becker & Hickl GmbH

+12V HFAC-26dB OVL
0,1 pA

Ser.-Nr.: 84001
IN

For most applications we recommend our HFAC-26 ippedier.
The HFAC-26 has 20dB gain and 1.6 GHz bandwidthe T
maximum linear output voltage is 1 V. Thereforantplifies the §
single photon pulses of a typical PMT without distms.
Furthermore, the HFAC-26 incorporates a detectoerload HFAC-26 Amplifiel
detection circuit. This circuit measures the averagtput current
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of the PMT and turns on a LED and activates a Tigha when the maximum safe detector
current is exceeded.

Thus, even if the gain of the amplifier is not dbgaly required the overload warning function
helps you to make your measurement setup ‘physpmisof. The HFAC-26 amplifier is
shown in the figure right. The HFAC-26 is availablth different overload warning
thresholds from 100 nA (for MCPs) to 100 uA (forga PMTS).

As already mentioned, the single photon pulses ghatomultiplier have a considerable
amplitude jitter. Even if the discriminator thresthas optimally adjusted some of the pulses
will fall below the discriminator threshold and te®re be not counted. The loss in the
counting efficiency due to this effect is normafltpt important. However, in conjunction

witch AC coupled HF preamplifiers problems can arg high count rates (> 1 MHz). The
effect is shown in the figure right.

Due to the AC coupling, the signal voltage at theoBfier output swings beyond the baseline
and returns with a time constant defined by theelowutoff frequency of the amplifier. At
high count rates this results in a signal shiftahhiin turn, results in a loss of some of the
smaller PMT pulses. Because the loss depends aroth# rate it causes a nonlinearity of the
measured intensity or a distortion of the measwa¢deforms.

Baseline *r j '
Threshold ¥

PMT Output '

without

Amplifier

r—
Baseline aﬂ¥ | 1
Threshold
with AC coupled ’ ' ’

Amplifier

Effect of an AC coupled Amplifier

The effect increases with increasing width of tle¢edtor pulses. For fast PMTs (PMH-100,
R5600, R7400) it is barely detectable and usually distinguishable from the normal
counting loss due to the limited pulse resolutibthe detector. If the effect of AC coupling is
a concern it can be minimised by using an AC caogplime constant much (1 order of
magnitude) smaller than the reciprocal count rate for pulsed signals with a low duty
cycle - much longer than the duration of the ligalse.

Distortions due to AC baseline shift are avoidethwdC coupled amplifiers. DC coupled
amplifiers are, however, slower and have a high@senthan the typical AC coupled HF
amplifiers. Furthermore, the gain at low frequesaan cause problems due to line frequency
pickup. For DC coupled amplifiers please see imtligi data sheets or http://www.becker-
hickl.com.
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The DCC-100 detector controller

The DCC-100 module is used to control detect
in conjunction withbh photon counters. It can b
used to control the gain of the Hamama -
H7422, H5783, H6783 or similar photosens

High Voltage Power Supply. In conjunction with

bh preamplifiers, overload shutdown of thf [
detectors can be achieved. Furthermore, the D JP—
100 delivers the current for thermoelectric coqlg CFDIn

e.g. for the Hamamatsu H7422. High curre

+12V

M +12V
digital outputs are available for shutter or filt : gndj EFAc.ze.l Fan
control. The DCC-100 is a PCI module for IB] |} fovid
compatible computers. It works under Windo\ |4
98, 2000, NT, and XP. s — E:::eftintouogv

Peltier -

The figure right shows how a H7422 module e
controlled via the DCC-100. For mof L/

Power supply and gain control of H7422
with overload shutdown

information, please see DCC-100 data sheet 'arm
DCC-100 manual, www.becker-hickl.com.
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Dead Time Considerations

Although there is no perfect optical system andpeofect detector dead time is a basic
concern in any multiscaler measurement. Unfortupate dead-time-free recording system
doesn’t exist. Only knowledge about dead time ¢$fexan help to avoid surprises and
disappointment.

Generally, there are three different kinds of déme - dead time between subsequent sweeps,
dead time between subsequent time bins, and deadgtween counts.

Dead Time between Sweeps

Dead time between subsequent sweeps of the acguilmits the repetition rate of the signal
periods that can be used. If the signal repeatsrfélsan the multiscaler can start the next
sweep cycle the events from one ore more signageare lost.

Many multiscalers have to readout their memoryrafteh sweep because they are not able to
add the events of subsequent sweeps directly inhidle speed memory. The result is a
considerable reduction of the useful signal rejoetitate.

In the PMS devices, the photons from subsequergssvare added directly in the high speed
memory. In practice the recording starts with tlestririgger pulse, and there is an unused
time interval from the end of the sweep to the niexfger. To keep this time short, the
distance of the trigger pulses should be just sohier than the sweep duration.

The situation is shown in the figure below. Byiopsing the signal repetition rate or the
recording length long waiting for trigger or wastiof parts of signal periods can be avoided.

Trigger Trigger Trigger Trigger Trigger

N Wait U¥\ Wait Recorded Recorded Recorded
Trigger Trigger Trigger Trigger Trigger Trigger Trigger

M Wait M Recorded Recorded Recorded

Recording sequence with waiting for trigger (left)d optimised sequence (right)

Dead Time between Bins

Dead time between subsequent bins - or poir
of the multiscaler recording results in Events  Events

counting efficiency smaller than orf  counted lost

independently of the signal count rate. T| Huuu i HH“H [] HH“H
PMS modules have a dead time of 50
between subsequent bins. The result sin1 |99 gino  [9%9] gins
counting loss is almost not noticeable at lon o e
‘Time per Point’ but becomes appreciable

‘Time per Point’ is below 1 ps.

The dead time between bins is the tradeoff t®unting loss due to dead time between subsequesit bi
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achieve a high count rate and to minimise the dead between counts, see below. The
structure of the PMS is an ultra-fast counter ihaead and reset periodically. This gives high
count rate but reading and resetting the countgprimes some time.

Dead Time between Counts

Dead time between counts is the most troublesolss af dead time because it makes the
function of the number of counts versus intensiylmear. Furthermore, it causes counting
loss not only in the multiscaler mode but also teady state and gated photon counting
applications.

The most important source of dead time betweenesulent counts is the detector. Even if
the detector is able to detect the next photoniwighfew ns (a single-photon APD isn't) the
output pulses from the two photons cannot be resbif/the distance is in the order of the
pulse width. For a PMT the situation is further gicated by the pulse height spread of the
single photon pulses. A small pulse shortly aftéarge one or vice versa is more difficult to
resolve than two pulses of similar size. For PMT$MT-scintillator combinations often a

‘Pulse Pair Resolution’ is given which means therage resolution for a large number of
pulses.

Two pulses of Small pulse after Large pulse after
similar size large pulse small pulse
resolved not resolved not resolved

Discriminator
Threshold

in
L ANAR

Effect of pulse height fluctuation on pulse resioint

The peak count rate is about 100 to 200 MHz forféstest PMTs (R6500, R7400, H5783)
and 50 to 100 MHz for standard PMTs. Thus, the ayeerdead time between counts is 5 to
10 ns and 10 to 20 ns respectively. For an MCP-RM peak count rate can be higher,
probably more than 500 MHz. However, the averagmtcoate of an MCP should be kept
below 100 kHz to avoid degradation due to sputtgeeiffiects.

The PMS is able to count pulses with rates up  M6iz, or with an edge-to edge distance
of 1.25 ns. That means, the PMS records the phottses from all these detectors almost
without additional dead time between counts.
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External Control Signalsand Supply Voltages

For the external control signals and for the posugiply of external amplifiers a 15 pin sub-d
connector is provided at the PMS-300 and PMS-4@0)dso The signals at this connector are
connected as described below:

Pin Function
1 + 5V, max. 100 mA via 1.Q0
2
(6\ 3 /DisableCollect
174)70 o—}11 4 Trigger (Input, PMS-300 only)
o
2o 86 o—{12 5 GND
3109, O |13 6 -5V, max. 100 mA via 1.@
o I 7
51910 @115 8 /Disable Collect (Input)
9 /DisableArm (Input)
10 +12V, max. 500 mA
Sub-D Connector 11 Do not connect, -12V in other B&H
Seen onto the contacts devices
(Back View) 12 /Armed  (Output)
13 /Measure (Output)
14 /Collect
15 GND

Input Signals

The TRIGGER signal is used to start the measureimeah external event (See also "Trigger
Input’).

By /DisableArm = L the start of the recording intlbochannels of the module can be
suppressed. However, if the recording has alrean Istarted, counting is not aborted by
/DisableArm. The input has internal pull up resisteo that the open input is pulled to the
inactive (H) state.

By /DisableCollect = L the start of the next cotlen time interval (for the next curve point)
Is suppressed. However, if the collection for thextnpoint is already running it is not
influenced by /DisableCollect. The input has in&npull up resistors so that the open input is
pulled to the inactive (H) state.

Output Signals

The '/Armed' signal indicates that the correspogdimannel has been started. It goes to 'Low'
when the measurement has been started. Howe\getrigger condition different from 'none’
is used the measurement does not start until #hafsg trigger edge is detected.

The '/Measure’ signal indicates that the measureimeanning. If no trigger condition is used
(‘'none’) the '/Measure' signal is the same as/Arenéd' signal. With a trigger condition
different from 'none’ the 'Measure' signal goetoav' when a trigger edge was recognised.

The '/Collect’ signal indicates that the countees @llecting photons. It is 'Low' when the
counters are active. In the multiscaler mode, MGellect' signal goes to 'High' for the time
when the counters are read and the results aedstothe memory. This is for 50 ns after the
end of each collection time interval (or curve ppin

To provide the power supply for external devicestédtors, amplifiers) +5V, -5V and +12V
are available at the sub-D connector. The +5V &Ntsignals are short circuit protected. The
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+12V output comes - via an RF filter - directlyrinahe power supply of the computer. Thus
the overload behaviour depends on the power supplyhe computer. Under normal
conditions, a current up to of 500 mA can be dréwm the +12V output.

The behaviour of the /Armed, /Measure and /Colignals with inactive (unconnected)
/DisableArm and /DisableCollect signals is showihia figure below.

Start Button
pressed

Trigger _I
(rising edge)

/ARMED

IMEASURE

ICOLLECT I_I I_I
t Collection Time lJ 50ns
—— Time/Point

/DISABLE ARM and DISABLE COLL high or inputs open: Normal measurement sequence

1

/Armed goes to L when the measurement is startatidgoftware. If a trigger condition was
specified (the low-to-high transition in the figuadove) the measurement starts with the
trigger and the /Measure signal goes to L. ThdléCbsignal is L when the counters are
active. Therefore the /Collect signal consists afumber of pulses equal to the number of
curve points with a repetition rate of 'Time / RbiThe pulse duration is 50 ns less than
‘Time/Point'. This is because 50 ns are requiredad the counters and to store the result in
the current memory location.

In the next figure the effect of the /DisableArigral is shown.

Start Button
pressed

Trigger
(rising edge)

/DISABLE ARM I_ I
/ARMED I

/MEASURE

coLLecT [ [
f Collection Time lJ 50ns
—— Time/Point

IDISABLE ARM = L delayes the start of the measurement

11

If /DisableArm is L when the 'Start Measurementttdwu is pressed the start of the
measurement is delayed until /DisableArm is H. tfigger condition is specified (the rising
edge in the example above) the measurement staitts the next trigger after
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/DisableArm = H. If no trigger condition is givethe measurement starts immediately after
/Disable ARM = H.

The figure below shows the effect of /DisableCadllec

Start Button
pressed

TRIGGER |
(rising edge)
/ARMED I_
IMEASURE I_
/DISABLE COLL I I
/COLLECT I_I I I I_I I_
i~ Collection Time lJ
—— Time/Point

IDISABLE COLL = L delayes the start of the next collection time interval

If /DisableColl is L at the start of a collectitime interval the collection is not started. The
measurement stops until /DisableColl = H is detkcte

All digital outputs are TTL compatible. The digitaputs are TTL and CMOS compatible.

Open inputs are seen as 'High'. Please be carefutonconnect a device to the 15 pin

connector which is not intended for that purpodgistan damage the PMS module or the
connected device.
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Software

The PMS Standard Software is able to control ujptio PMS-300 or four PMS-400 modules.
It runs under Windows 98, 2000, NT or XP. At lea2tMb of memory should be available. If
a PMS-300 should ever be used in old 386 or 48&&¥ems (which is not recommended) a
mathematical coprocessor is required. The VGA tggwi must be 1024 by 628 or more.

The PMS Standard Software includes the settinghef measurement parameters, the control
of the measurement, the loading and saving of meamnt data and parameters, the display
of the results as curves or bars and the applicatfomathematical operations to the result
curves. Furthermore, the software is able to com@trstepping motor in conjunction with the
B&H stepping motor controller card STP-240.

When the PMS software is started the initialisatisms B
panel shown right should appears. The insta Verion 4 95 oramtes 001 o ORI
modules are marked as ‘In use’. PCI modules | ...

shown with their serial number, PCl address ant | 5 e e 100 mose ouns onreibus atediress i 00
number. T et s

The software runs a simple hardware test whe e oem—

initialises the modules. If an error is found, e D T

message ‘Hardware Errors Found’ is given and avor_|

corresponding module is marked red. In case of r

fatal hardware errors you can start the main pe P

by selecting ‘Hardware Mode’ in the ‘Change Modenpl. Please note that this feature is
intended for trouble shooting and repair rathen ot normal use.

When the initialisation panel appears, click orK*@o open the main panel of the PMS
software. The main panel incorporates a curve windor measurement data display,
information about the present state of the modalglities to set the measurement parameters
and a menu bar to call functions such as load/spxief, a curve display with cursor
movement and mathematical functions, setting desysand display parameters and start/stop
of a measurement. The screen after the start gfrtigram is shown below.

Main  Parameters Display Starl Siopl Stop Scanl Exit

PMS-400
10000 -

1000

. ---------

Count

=
=]
m
r

1] v g v g g g
1.00E-6 1.00E-3 2.00E-3 3.00E-3 4.00E-3 5.00E-3 6.00E-3 7.00E-3 8. [I[IE 3 9 [I[IE 3

Time [s]
Module Parameters Device state JMEESHIEMEI“ in Progress Measurement Control
2 Module 0 | Active Il W @ Repeat Time Expired Mode 2 Multiscaler

Trigger Condition i’? Nothing to display —‘| Points  Time per Point [s]
fTrigger Threshold 2 IIEFT S| oo ] 3 1000ES |

Gate Lev [V]‘ Inp. Thrash. [V]| Event Thrash,‘ MME R:EN ﬂ;‘:; [s] ;CUI’I’IU'&(E ] 5

i s ﬂ weeps

ma 51 Z.000 | 31 -0.03918 ‘ q ! ‘ DR ‘ . Euchleuns Overall Curve Time [s] i
ChB Y po00 | Foomer| 1 | after 3 100.00 | [s] 0.01000 Canfigura )
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Menu Bar
The menu bar incorporates the following items:

Main Parameters Display Start Stop StopScan Exit
Under these items the following functions are aldé:

Main: Load, Save, Convert, Print, Counter Test

Parameters: Step Device Configuration, Display iRatars,
Trace Parameters, EEPROM Parameters

Display: Curve display with cursor and zoom funetip mathematical
operations

Start: Start of the measurement

Stop: Stop of a measurement

StopScan: Stop of the x position during the meamsarg of a curve

Exit: Exit from the PMS software

A detailed description of the menu bar functiongii®n in the section 'Functions of the Menu
bar'.

Curve Window

In the curve window the measurement results apdalisd. The display mode depends on the
operation mode, the parameter 'points' and onuhermt setting of the 'Trace Parameters' and
the 'Display Parameters'. In the 'Channel Ratedentioe count rates of the counter channels
are displayed as bars. In the 'Multiscaler' modesesi are displayed with the specified
‘Number of Points'. Normally these are the wavetoohthe measured signals. However, if
the step motor controller is used and configuredsfepping after each curve point spectra or
a spatial dependencies of the signals are obtained.

During the measurement intermediate results anglayisd in programmable intervals (see
'Display Control').

The number of curves displayed, the colours, thevecistyle and the display scale are
controlled by the 'Trace Parameters' and the 'Bysphrameters'.

Device State
'‘Device State' informs about the current statéefmheasurement system.
The 'Measurement in Progress' indicator turns oenvehmeasurement was started.

'Repeat Time expired' indicates that the repeat tias expired before the last measurement
had been finished.

The 'Triggered' indicators turn on when a moduls twigered. Up to four trigger indicators
are displayed depending on the number of PMS medual¢éhe system. Final results will be
not displayed until all active modules have triggerand finished their measurement.
Therefore, when using more than one module witjgét conditions different from ‘none’,
make sure that all modules get an appropriatedrigglse (see also 'Trigger Condition’).
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M odule Parameters
Module/ Active

Under 'Module/Active’ the module is selected toahhine displayed module parameters refer.
Parameters are displayed and set for modules ohighware present in the system and
declared as present in the PMS300.INI file. The uhesl can be switched on and off by the
‘active' button.

Trigger Condition

‘Trigger Condition' defines the condition for thears of the measurement. With 'None' the
recording starts immediately after pressing thartShbutton of the menu bar. If 'Rising Edge’
or 'Falling Edge' is selected, the measurementitgated with the 'Start' button, but the
recording does not start until the specified tramsiat the trigger input is recognised.

A reasonable accumulation of several sweeps irMibiéiscaler mode is possible only if the
PMS is triggered synchronously with the signal t® tecorded. Therefore, the trigger
condition must be ‘rising edge’ or ‘falling edgehd an appropriate trigger signal must be
used.

If several PMS modules are present the trigger itiondcan be set independently for different
modules. Each module starts its measurement lowitstrigger pulse. However, final results

will be not displayed until all active modules haviggered and finished their measurement.
Therefore, when using several modules with trigemmditions different from 'none’, make

sure that all modules get an appropriate triggéepu

Gate Levd

‘Gate Level' is the discriminator threshold for gate signal. Values from -2V to +2V can be
set. If no gate signal is used, a 'Gate Level'orGHe 'Active High' configuration and a 'Gate
Level' >0 for the 'Active Low' configuration has be set to enable counting. (See section
‘Gate Inputs’)

Trigger Threshold (PM S-400)

‘Trigger Threshold' is the discriminator threshfmdthe trigger input of the PMS-400. Values
from -2V to +2V can be set. A trigger thresholdtiset exists for the PMS-400 only. The
PMS-300 has a TTL/CMOS trigger with a fixed thrdsho

I nput Threshold

‘Input Threshold' is the discriminator thresholdiosé counting input. Values from -1V to +1V
can be set. The counting inputs can be configureigger either on the positive or on the
negative edge of the input signal (See section f@og Inputs’). Normally, for negative

detector pulses the negative edge configurationaanégative input threshold, for positive
detector pulses the positive edge configurationaapdsitive input threshold is used.

Event Threshold

This parameter is used in the 'Event Mode' of tRkSPly. In this mode the counter results
within the specified collection time interval ar@apared to the specified 'Event Threshold'. If
the result of one channel exceeds the specifiednEVhreshold' the results of both module
channels are stored together with the time from ¢tert of the measurement. The
measurement continues until a number of eventsldquihe parameter 'Points’ have been
recorded.
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M easurement Control
Mode

Channel rates

The results of the counters within the specifiedlection time are displayed as bars. If
'Repeat’ is set the measurement is repeated matgeof 'Repeat Time' and the current results
are continuously displayed on the screen. Depenainthe 'Trigger Condition' the recording
can be started either immediately after finishihg tast collection time interval (Trigger
Condition 'none’) or by the next rising or falliadge of the trigger pulse. The '‘Channel Rates'
mode is useful to test and to adjust the measuresstap before the final measurement is
started.

Multiscaler

In the multiscaler mode the counter results of sgbent collections time intervals are stored
in subsequent memory locations. The results reptéke input pulse density versus time, i.e.
the waveform of the measured light signal. The tpeecurve point can be as short as 250 ns.
The effective collection time per curve point is &8 shorter, because 50 ns are required to
read the counters and to store the results in graary.

Depending on the "Trigger Condition' the recordiag be started either by the software 'Start’
command (Trigger Condition 'none’) or by the risordgalling edge of the trigger pulse. If the
step motor controller is used and the trigger ciowliis different from 'none' the trigger
action depends on the defined step motor actioadoAg as no step motor action is defined
‘After each Point' (see 'Stepping Device Configarg} the trigger starts the recording of a
complete curve or a complete sweep (if 'Accumulastedctive). With a step motor action
‘After each Point' each collection time intervalstarted by a trigger pulse. This allows the
synchronisation of the stepping action with a pdiléght source.

If 'Accumulate’ is set several signal periods aceumulated. In this case the recording is
restarted with the next trigger pulse after the ehthe previous recording and the obtained
counter results are added to the current memorgents

The whole measurement sequence is repeated ifefeat’ button is pressed. In this case a
repetition time (‘repeat after ...") can be spedifilf the repetition time is longer than the
overall recording time the subsequent measurensattin intervals of the repetition time.
Otherwise the next measurement is started immégifer the previous one is finished.

Under 'System Parameters' / 'Stepping Device Corgigpn' / 'Action’ step motor actions can
be defined in several places of the measurementkeseq. Therefore, with the optional step
motor controller STP-240 a lot of modifications tbE measurement sequence are possible.
With a step motor action after each curve the depece of the waveform of the light signal
on a spatial parameter or the wavelength is oldaitiea step motor action is defined after
each curve point, instead of a waveform a spagpkddence of the intensity or a spectrum is
recorded.

Event Mode

In the event mode the incoming detector pulsescaumted for the selected time intervals.
When the current collection time interval is ovhe tcounter results are compared to the
‘Event Threshold' value. If the result is greateant the event threshold value it is stored
together with the time since the start of the mesment.
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The actual collection time is 50 ns shorter thanghrameter ‘Collection Time’ because some
time is deeded to compare and store the result.nié&surement stops when a number of
events specified by ‘Points per Curve’ was recorded

Repeat

If 'Repeat’ is set, the measurement is repeated Wigespecified repeat time (‘Repeat after..")
has expired and all active channels have finisied tturrent measurement. If the overall
measurement time is greater than the specifiedatefpme the measurement is repeated
immediately when the last measurement has beeshédi

Please note, that repeating can be achieved oaly déictive modules are able to finish their
measurement. Therefore, when using trigger comditidifferent from 'none’, all active
modules must receive an appropriate trigger pulse.

Pointsper Curve

In the multiscaler mode the parameter 'Points pewv€ determines the number of points or
subsequent collection time intervals for one cotepbeirve.

In the event mode 'Points per Curve' is the maxinmumber of events that can be recorded.
Values from 2 to 65536 are available for 'Points@arve'.

Time per Point

In the multiscaler mode the parameter 'Time pemntPaetermines the time scale of the
recording. The time per curve point can be astsd®250 ns. The effective collection time
per curve point is 50 ns shorter than 'Time penRdiecause 50 ns are required to read the
counters and to store the results in the memory.

If a stepping device action is specified after eaahve point (see 'Parameters’, 'Stepping
Device Configuration’, ‘Action’) the time scale tbe X axis is replaced by another scale
defined in the 'Stepping Device Configuration' the STP.CFG file. In this case 'Time per
Point’ determines the collection time for each pa@rhich, again, is 50 ns shorter than 'Time
per Point'.

In the event mode the incoming detector pulsescammted for the selected time intervals.
When the current collection time interval is ovhe tcounter results are compared to the
‘Event Threshold' value. If the result is greatent the event threshold value it is stored
together with the time since the start of the mesment. The parameter 'Time per Point'
refers to the collection time plus the time reqdifer comparing and storing the result. Again,
the effective collection time is 50 ns shorter thia® Time per Point'.

Accumulate

If 'Accumulate’ is set a number of signal peri¢sisecified by 'Sweeps') are accumulated. In
this case the recording is restarted with the megger pulse after the end of the previous
recording and the obtained counter results are caddethe current memory contents.
'‘Accumulate’ is available in the multiscaler moaéyo

Overall Time

'‘Overall Time' is the length of the recording ie timultiscaler mode. It is the product of 'Time
per Point' and 'Points per Curve'. The 'Overall §ims displayed for information only, an
entry is not possible.
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Display Control

Depending on 'Time per Point', 'Points per Curveid a .

'‘Accumulations' the measurement time can vary wide range. [Display | [l|Each curve
Therefore, the display rate can be configured ligplay after' and after 3 14.00 | [s]
the 'Display after each Curve' button.

If '‘Display after each Curve' is active the resalts displayed when the measurement for one
curve has been finished. Thus, without 'Accumuliieresult is displayed when the recording
reaches the last curve point. With 'Accumulate’ rissult is displayed when the specified
number of sweeps have been accumulated.

Furthermore, a display of intermediate resultstwamitiated after a specified time.

Step Motor Control

If the stepping motor controller STP-240 is presenthe system and enabled ('Parameters’,
'Stepping device configuration’) a window for manst@p motor control can be opened by
pressing the 'Stepping Action' button. The step@ngion window is shown in the figure
below (left).

Stepping Action ppin
< Device?2 < Device2
Go to Go to
% 1 stepup God 2 newpos. Gu i
....................... Tstep up
. Current nm MNew o 1 step dwn New
- 0.0 ? 0.0 +| Startpos. 0.0
Stop pos.
{ Close )} ¥ new pos.
= upper limit
lower limit

With 'Device 1' or 'Device 2' one of the two motdrsven by the STP-240 can be selected.
Several actions are available, as shown in thedigiove (right). The action is initiated by
the 'Go' button.

For stepping device configuration, please see Retexs’, 'Stepping Device Configuration'.

Configuring a measur ement sequence

The PMS can be configured to record a sequencesasurements. The sequence is controlled
by the parameters in the 'Configure' menu showovhel

Measurement Mode Multiscaler
Cycle
Curve
Record 5 200 | Points with time/point =  0.0100 Is]
Record 3 10 Curve(s) starting from curve = 1
First file name
Sawve the curves to file(s) eA\pmm_w31ifile01 sdt

Repeat above sequence after 5 3.00 [s]1 for = 10 Cycles

Return (Esc)
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The 'Configure menu is opened by clicking on thenf@ure' button in the main panel . The
measurement sequence can (but need not) consiseefprogram loops:

- The inner loop is the recording of a 'curve' vitie specified number of sweeps accumulated
for each of the activated measurement channels. iShihe normal 'multiscaler’ recording
sequence which is controlled by the parameteratgand 'time / point'.

-The curve recording can be repeated for a numbkr ‘cycles' specified by
'‘Record ... Curve(s). The number of available vesr depends an the parameter
‘Points / Curve’ and ranges from 1 (for 32768 peihturve) to 32 (for 1024 points / curve
or less). At the end of the specified ‘cycle’ tleswlt can automatically be stored to a data
file.

- Finally, the recording of the specified numberofves (‘cycle’) can be repeated in intervals
of 'Repeat Time' (‘after ... [s]). The number @petitions is given by ‘for ... Cycles'. If the
repeat function is used the ‘Save curves to fifesttion must be switched on in order not
to loose the data of the previous cycle. The datheosubsequent recording cycles are then
stored into subsequent files with subsequent nusnieeg. fileO1.sdt, file02.sdt, ....).

The programmed sequence can be combined with stgpr ractions, if the STP-240 step

motor controller card is present in the systemtdJjvo motors can be controlled. The actions
are specified under 'System Parameters' / 'Stefipevgce Configuration'. Step motor actions
can be placed at the beginning of the measureraéiet, each curve point, after each curve,
after each cycle and at the end of the measurerDepending on what the motors drive a
wide variety of complex measurements can be peddrm

Measuring into different Curves

Several measurements can be stored into diffelenk$ of the memory. The destination of
the measurement data is controlled via the ‘Conéigonenu.

To record several curves into different blocksha memory, set ‘Record 1 Curve’ and chose
the destination curve number by ‘Starting from @urv. The settings are shown in the figure
below.

Cycle

Curve

A -

Record 5 10000 |Points with timefpoint 5 0.005 [ns]

Accumulate [ = 10 Sweeps

Record = 1 Curve{s) starting from curve 5 1

First file name
file01.sdt =

i

Repeat above sequence J afisy § BROB s3] for D 48 Cycles

- Return (Esc)

44



Functionsin the Menu Bar

Main: Load, Save, Print, Counter Test

Under 'Main' the functions for loading and savirajadand the print functions are available.
'‘Counter Test' provides a test facility for thedvaare functions of the modules.

L oad
The 'Load' menu is shown in the figure below.

= Load PMS file

Fioomat> ruspon | isnsmed | noisa |
File o -

_Load (F10) |

Cancel (Esc)

In the 'Load’ menu the following functions are éafalie:
Data and Setup File Formats

You can chose between 'PMS Data' and 'PMS Sethp'.s€lection refers to different file
types.

With 'PMS Data’, files are loaded that contain bo#gasurement data and system parameters.
Thus the load operation restores the completersystate as it was in the moment of saving.

If you chose 'PMS Setup’, files are loaded thataiarthe system parameters only. The load
operation sets the system parameters, but the negasnt data is not influenced. Files for
'PMS Data' have the extension ".sdt, files for38ktup' the extension '.set'.

File Name/ Sdlect File

The name of the data file to be loaded can be reithigten into the 'File Name' field or
selected from a list. To select the file from th&, |'Select File' opens a dialog box that
displays the available files. These are '.sdtsfibe ".set' files depending on the selected file
format. Furthermore, in the 'Select File' box yam change to different directories or drives.

FileInfo, Block Info

After selecting the file an information text is pliayed which was typed in when the data was
saved. With 'Block Info' information about singlata blocks (curves) is displayed. The
blocks are selected in the '‘Block no in the fil! |

Load, Cancd

Loading of the selected file is initiated by 'Laa@ancel’ rejects the loading and closes the
‘Load’ menu.
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L oading selected Parts of a Data File

Under 'What to Load' the options 'All data blockssé&tup', 'Selected data blocks without
setup’ or 'Setup only' are available. The defaitirgy is 'All data blocks & setup’, which loads
the complete information from a previously savethdde. 'Setup only' loads the setup data
only, the measurement data in the PMS memory resnainhanged.

With 'Selected data blocks without setup’ a nundfeselected curves out of a larger .sdt file
can be loaded. If this option is used the lowet phthe 'Load' menu changes as shown in the
figure below.

Setall o il rs(F1)

Clear all (F2)

The list '‘Block no in the file' shows the curvesiable in the file. Under 'Block no in the
memory' the destination of the data blocks (cur#edhe memory is shown. With 'Set all to
file numbers' the destination in the memory carséieto the same block numbers as in the
file. To set the destination of the data to loaagidifferent from the block numbers in the file,
block numbers in the 'Block no in the memory' isin be selected and replaced by block
numbers selected from the 'New location’ list. &Clall' clears the 'Block no in the memory'
list.

‘Block Info’ opens a new window which gives infortian about the data in a selected data
block. An example for the block information windoi® given in the section ‘Trace
Parameters’.

When partial information is loaded from a data &isge should be taken that 'Operation Mode'
and 'Number of Points' be identical with the cutrssatting.

Save
The 'Save' menu is shown in the figure below.

= Save PMS file

Selectfile (F9)
,7 E All used data blocks

Selected file doesn't exist

Save (F10)

—
—

ond, James

nknown

Luminescence of sample from Dr. No D
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In the 'Save' menu the following options are awdéa
File Format

You can chose between 'PMS Data' and 'PMS Sethp'.s€lection refers to different file
types. With 'PMS Data' files are created which ammtmeasurement data and system
parameters as well. Thus the complete state isregstvhen the file is loaded. If you chose
'PMS Setup' files are created that contain theesygiarameters only. Loading of such files
sets the system parameters only, the measurentarisdeot influenced.

Files created by 'PMS Data' have the extensiot, 'fdds created by 'PMS Setup' have the
extension ".set'".

File Name

The name of the data file to which the data willda&ed can be either typed into the 'File
Name' field or selected from a list. To selectfiteefrom the list, 'Select File' opens a dialog
box that displays the available files. These agdt' ' files or '.set' files depending on the
selected file format. Furthermore, in the 'Selede’ box you can change to different
directories or drives.

Filelnfo

After selecting the file an information text can typed into the 'File info window'. If you
have selected an existing file you may edit thestexg file information. When you load the
file later on, this text is displayed. This helpsdentify the correct file before loading.

Save/ Cancdl

Saving of the selected file is started by 'Savé&Xi. ‘Cancel’ rejects the saving and closes the
‘Save' menu.

Saving selected curves

Under 'What to Save' the options 'All used dateckdt 'Only measured data blocks' or

'Selected data blocks' are available. The defatling is 'All used data blocks', which loads

all data in the memory. This can be measured dateilated data or data loaded from another
file.

'Only measured data blocks' saves data blockswhigh contain data which was measured
since the start of the software.

With 'Selected data blocks without setup' a nunatbeelected curves is saved. If this option is
used the lower part of the 'Load' menu changeb@srsin the figure below.

Block No | +| 0_A Mark all (F1)
0_B
1_A Unmark all {F2})
Total|[ 1 1.8 =
2_A :

e i

The list 'Block No' shows the curves which are ke in the memory. The desired curves
are selected (or deselected) from this list by aigeoclick. 'Mark all' selects all curves,
‘Unmark all' deselects all curves. 'Block info'aliés/s information about a selected curve.

‘Block Info’ opens a new window which gives infortiam about the data in a selected data
block. An example for the block information winda# given in the ‘Trace Parameters’
section.
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Convert

The ‘Convert’ functions are used to convert the fdes of the PMS Standard Software into
ASCII data files. The ‘Convert’ menu is shown i tiigure below.

The file name can be typed in or selected fronstawhich is opened by clicking on the file
symbol near the name field. After selecting thersedile, the file information is displayed
which was typed in when the file was saved by 8eve’ function.

By ‘Select blocks to convert’ special blocks (cuey&om the source file can be selected for
conversion. At the beginning all curves of the seufile are marked. Thus, no selection is
required if all blocks of the source file are todmmverted.

The destination file is specified in the lower paftthe convert menu. The file name can be
selected from a list which is opened by clickingtbe file symbol near the name field. As
long as no destination file name is entered orcsatethe source file name is used with the
extension .ASC.

The style of the generated ASCII can be changeskehing ‘Number of values per line’ to the
desired value.

" Convert data files to ASCIl format =1
=l
Data file name | e\pms95inol.sdt | i‘l

File Info :

Title : nol =

Yersion : 007

Revision : 1.0

Date : 12-04-1997

Time : 17:28:29

Author : Bond. James

Company : Unknown

Contents : Luminescence of sample from Dr. No

_| T

Mark all (F1) |
Select blocks to convert| [v[1_A 5|
v[1_B
Unmark all {(F2) |
Total 2
= ook nto
Destination file name e\pms954inol.asc | ;ﬂl
No of values per line g 1
Convert )| Return (Esc) )
~ -~

gl o4

For ‘Multiscaler measurements the subsequent AS@lues resemble the subsequent
counter values. For ‘Event Mode’ measurements pdivalues are generated which resemble
the counter values and the times for the subsecvemnis.

Print

The 'Print' function prints the actual screen patt@n the printer. You can print either the
whole panel or the visible part only. 'Portrait' 'oandscape’ selects the orientation on the
sheet. The dimensions are set by 'Autoscale’, Stedl' or 'Size X' and 'Size Y'.

48



[ visible Part 2 [rEraye Print (F10)

Colourmode  Full size Autoscale
: colour o U
M Eject page

If you want to create a file of a screen patteran gan use the 'Print to File' option. However,
another convenient possibility to save a screetegats the 'print screen' key. When this key
Is pressed, Windows stores the screen patterretalifhboard from where it (usually) can be
loaded into any other program.

Counter Test

'Counter Test' is used to test the hardw Counter test will be executed in both channels
functions of the present PMS module Dissonmoct st shomate to avaid orrors
During the test all input signals must | Exacns | )

switched off (we recommend to disconne I N
the cables). The test includes most Of  Module o Countera Gate Polarity - Active Low - Test Passed
PMS-300 and PMS-400 hardwa Module 0 Counter B Gate Polarity - Active Low - Test Passed
functions. Moreover, it determines tt

configuration of the gate inputs (active lo

or active high, see section 'Gate Inputs’). 5

Should the Counter Test return an error ..
a PMS-300, we recommend to check for possible addrenflicts between different modules
in the PC. If there are other modules with unkndith addresses, try with different PMS
base and SYNC addresses before you send us thdenfodrepair.
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Parameters
Stepping Device Configuration

The stepping device configuration menu is showthénfigure below.

Stepping Device Configuration

Configuration file

Device 1

ﬁ Active
Start position 2| 300.000
Step Width 2 4.000
Stop position 300000
Current position % 0.000
Unit nm
Define Device Action )

O Use stepping device

Select file (F10) )

EAPMS_W3N\STP.CFG

a
-l
&
-

Device 2

O Active

500.000
1.000
500.000
0.000

o Return (Esc) |

The basic electrical and mechanical parameterfi@fstep motor drive are configured by a
configuration file. This file contains the steppifigquency, start and stop ramps, duration of
overvoltage pulses, end positions, the unit ofdfieen axis (e.g. nm for a wavelength drive)

and the number of motor steps per unit. The defdelname is STP.CFG. Other file names

can be used to select between different configumati

The STP-240 step motor controller can drive tw st@tors. Both motors can be activated or
deactivated by the 'Active’ buttons. Start positietep width and stop position can be set

independently for both motors.

A calibration of the drive position is achieved &y entry of the 'current position' before the
fist measurement is started. If a measurementaites and one of the used drives is not
calibrated a warning appears. Therefore, switchhadfors which are not used by the 'active'
button or set all device actions to 'No Actiong(below).

The button 'Define Device Action' opens a new wimndehich is used to define the place of a
step motor action within the measurement prograap.lofhe '‘Device Action” window is

shown in the figure below.

Define Device Action

Measurement

At Start
After each point
After each step
After each page
After each cycle

At Stop

KN SEE TR 1

Device 1 Device 2
Start pos. > Start pos.
1 step up > No action
Start pos. : No action
R actian B aetian
i action B aetian
Start pos. % No action
|, Return (Esc)
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Step motor actions can be defined at the starh@fnheasurement, after each curve point,
when the recording reaches the last curve poingnvithe accumulation for one measurement
is finished and after a number of repetitions @& theasurement. In the figure above device 1
runs to the start position at the beginning of nimasurement, makes one step up after each
curve point and runs back to the start positionhatend of the recording of the curve. If
'‘Accumulate’ is set this sequence is repeatedhiispecified number of accumulations, and
the results are accumulated in the memory. If i@’ drives a monochromator the result is
a spectrum of the investigated light signal.

Display Parameters
The display parameter menu is shown in the figetev.

_ ScaleY | Display Parameters| Grid

[ Linear .

—] Logarithmic = M visible
Max Count Colour

=/ 300000000 Bkgcolor ]
HaE (e Style ~/Connected Points

g 0 : - :
Log Baseline Point Style | Small Solid Square

= 1 Point Freq * 1 Return (Esc)

ScaleY

Under 'Scale Y' you can switch between a lineadogarithmic display of the curves.
Furthermore, the curve window can be set to argtitma of the available count range.

Linear / Logarithmic: Linear or logarithmic Y-seal

Max Count: Upper limit of the display range fordar and logarithmic scale
Baseline: Lower limit of the display range fordar scale
Log Baseline: Lower limit of the display range fogarithmic scale

All limit values are given in ‘counts'.
Trace

Bkgcolor: Background colour of the curve window.

Style: Display style of the curves. The styles d.nPoints Only' and 'Connected
Points' are available.

Point Style:  Style of the curve points for ‘Poi@aly’ and ‘Connected Points’

Point Freq: At values >1 each n-th point is dispthynly. 'Point Freq' has no influence if
'Line' is selected.

Grid

Visible: Toggles the grid on and off.
Color: Sets the grid colour.

Trace Parameters

Up to eight individual curves can be displayedhia turve window. The curves on the screen
are referred to as 'traces'. In the trace paramedeiu you can define which information the
traces should contain and in which colour the asplayed. These curves can be measured
curves from up to four PMS modules or data whickehaeen loaded from an .sdt file.
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The Trace Parameters menu is shown in the figuobe

Trace Attributes

Trace Active Colour | Module Curve Channel |
N o ] A
I 0| i JE
S 0| qz] A
do| dr=| e
N o] ds A
I 0| J=] dE
I 0| J| A
I 0| 44| 6]

Block Info (F1) Return (Esc)

o [N & [ |5 e e =
ODO0D0DO000 @ m

With 'active' a particular trace can be switchedowff. We recommend to switch off traces
that are not needed. This will increase the spééukeadisplay.

'‘Color' sets the colour of the trace.

'‘Module' specifies the PMS module in which the dateecorded (up to four modules can be
present).

‘Curve’ allows to select measurement results fraffexnt measurements or single curves
from a multi-curve measurement (see ‘Configuringeasurement sequence’). The number of
available curves depends an the parameter ‘Poisve’ and ranges from 1 (for 65536
points / curve) to 64 (for 1024 points / curve @sd).

'‘Channel' is the counter channel (A or B) of thecsiped 'Module'.

By changing 'Module', 'Curve' and 'Channel' thedrdefinition allows to display curves from
different modules and different measurements asdmee time.

‘Block Info’ opens a new window which displays imfioation about the data selected by
'‘Module', 'Curve' and 'Channel'. An example ofliteek information window is given below.

PMS Memory

e

Module Serial Number : 5197380001
Creation date & time : 02-10-1998 17:30:13

Measurement mode : Multiscaler
Collection time - 0001 s

Yalid Points : 1000
Trigger Condition 2

Gate Level 2 v
Input Threshold : -0.0984V
No of accumulated curves: 1

First measured curve : 1
Measured curves o1

Repeat o Off
IStepping Motor : NotUsed

Load System Parameters from the selected block Return (Esc)
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Adjust Parameters

Adjust values and production information is storeén EEPROM on the PMS module. The
adjust values are accessible via the adjust paeasetenu. To change the adjust parameters a
certain knowledge about the PMS hardware is requiddrong inputs may seriously deadjust
the module. Therefore you can change the adjusinpeters, but not save them to the
EEPROM. The changed adjust values are used byetiiee] but they will be replaced by the
original values after reloading from the EEPROMafier restarting the PMS software.

Production Data

Device Type PMS-400 Reload from EEPROM (F9)|

Serial Number 560003 N
Save in EEPROM (F10) |

Production Date 14.12.01

Hardware Configuration

Return (Esc)

Min Gate Lewvel -2.0 Max Gate Level 2.0

Min Input Thr. -1.0 Max Input Thr. 1.0

r
-
-
-
-
-

Min Trig. Level -2.1 Max Trig. Level 2.1

All values in [V]
Adjust Parameters

Gate Offset A -15.7 Gate Offset B : -15.7

Input Thr. Offset A 39 |Input Thr. OffsetB 5 -39

Trigger Offset 5 0.0
All values in [mY¥]

Production Data

This area contains manufacturing information attbatparticular module. The information is
used by the software to recognise different modidesions. Please do not change these
parameters.

Hardwar e Configuration

Depending on user requirements, the gate and aountets of the PMS can be configured
for different input voltage ranges. The parametgrder 'Hardware Configuration' inform the
software about the actual input threshold ranges.

Adjust Parameters

These parameters compensate the offset of theagatet and trigger inputs.

Display

'‘Curve Display' incorporates functions for inspestiand evaluation of the measured data.
Under 'Curve Display' the traces defined in thec&rParameters' are displayed. The curve
display window is shown in the figure below.

Two cursor lines are available to select curve fsoiand to display the data values
numerically. The scale can be changed in both byigooming the area inside the cursor
lines. The cursor settings and the zoom stateoredtwhen leaving the display routine. Thus
the display will come up with the same settings nvités entered again.
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The display style (linear/logarithmic, window lirsjt curve style, background and grid
colours) is set in the display parameters.

When the 'Curve Display' is active, data operatioas be accomplished via the 'Display’
menu and selection of 'Data Processing'. Furthexmibie 'Display Parameters', the Trace
Parameters' and the 'Print’ function can be acdafisectly.

.
Main Parameters Display Return!
PMS-300 2D-Display

IE3

84924~
80000 -
75000 -
70000 -
65000 -
60000 -
55000 -
50000 -
45000 -
40000 -

35000 -
30000-
25000 -
20000 - mhﬁ*k“““uhk_‘%

15000 -
10000 -
5000 -

Count

0-
0.02 0.09 0.17 0.25 0.33 0.41 0.49 0.57 0.65 0.73 0.80|
Time [s]

Cursor 1| [l Cursor 2 Deltas Data Point

X 4 0050 KA oped DX 0,644 X2 0317
¥ o4 3701 Y o2 73304 DY | 696E3 ¥ 52239

Colour = R Colour 2

Style I Cross Stle I Cross Zoom In (F10) | |ZoomOut(F11) | | Restore (F12) \

Return (Esc)

*]

| [*

Cursors

The two cursors are used to select and measure poiats and to set the range for zooming
the displayed data.

With 'Style’ you can select whether a cursor i®@aziontal line, a vertical line or a cross of a
vertical and a horizontal line. For each cursorXhBosition (vertical cursor), the Y-Position
(horizontal cursor) or both (crossed line cursag displayed. Under 'Deltas’ the differences
between the cursor values are displayed. The colofuthe cursors are set by '‘Colors'.

The cursors can be moved with the mouse or withkéyboard. If the keyboard is used, the
cursor is selected with '‘page up' and 'page domdhshifted with the cursor keys. By pressing
the cursor keys together with the 'shift' key & fatepping is achieved.

Data Point

In addition to the cursors, the 'Data Point' maybed to measure data values. The data point
is a small cross that can be shifted across theesdoy the mouse. When the mouse key is
released, the data point drops to the next true Idaation of the next trace. At the same time
X and Y values are displayed.

Zoom Function

'Zoom in' magnifies the area between the two carsmthe whole screen width. If the cursors
are vertical lines the magnification occurs in Xedtion. If the cursors are horizontal the scale
iIs magnified in Y-direction. For crossed line cuss@ooming is done in both directions
stretching the rectangle between the cursor tdulthecreen.
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'Zoom Out' restores the state before the last zograction. This includes the zoom state as
well as the other display parameters as 'linedlvgarithmic'. ‘Restore’ will restore the state as
it had been when entering the 'Zoom' function.

2D Data Processing

When the 'Curve Display' is active, the 2D Datarafens can be accessed via the 'Display’
menu and selection of 'Data Processing'. In thee tlae lower part of the screen is replaced by
the data processing window. In this window the sewf the operands, the operation and the
destination of the result can be selected. All apens refer to the range inside the cursors.

1st operand EGEaE 2nd operand Result
Module Curve Channel . divide Module Curve Channel Module Curve Channel
SR =R - SR =R i sl ol clE

Scaling factor < <
Use trace: > 1 ~1 DDOE+D Use trace: | 2 Use trace: | -

-

Block Info (F1) Execute {F10) Return (Esc)

Warning ;| Save your original measurement data before executing data operations

[J ANl active traces

1st operand

In this place the curve number of the first operhad to be specified. This can be done either
by ‘Module’, ‘Curve’ and ‘Channel’ or by selectirane of the active traces via 'use trace'. If
an active trace is selected, ‘Module’, ‘Curve’ d@thannel’ are set according to the values in
the trace parameters. ‘Module’, ‘Curve’ and ‘Chdhmee displayed in the colour of the
selected trace. With 'all active traces' the setedperation is applied to all active traces at
once.

Operation

'‘Operation’ selects the operation to be appliethéooperands. To keep the result inside the
data range of the measurement memory the resaoiuiplied by the 'Scaling Factor'. This
factor can be set to any floating point number.

2nd operand

In this place the curve number of the second opkehas to be specified. This can be done
either by ‘Module’, ‘Curve’ and ‘Channel’ or by seiting one of the active traces via 'use
trace'. If an active trace is selected, ‘Modul€ufve’ and ‘Channel’ are set according to the
values in the trace parameters. ‘Module’, ‘Curved &Channel’ are displayed in the colour of

the selected trace.

Result

In this place the curve number of the result habeaaspecified. This can be done either by
‘Module’, ‘Curve’ and ‘Channel’ or by selecting omé the active traces via 'use trace'. If an
active trace is selected, ‘Module’, ‘Curve’ and &imel’ are set according to the values in the
trace parameters. ‘Module’, ‘Curve’ and ‘Channek aisplayed in the colour of the selected
trace.

Block Info

‘Block Info’ opens a new window which gives infortiam about the data in a selected
(Module, Curve, Channel) data block. An examplethar block information window is given
in the section ‘Trace Parameters’.
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Start

'Start’ starts the measurement. If there are sevekS modules in the system the
measurement is started in all modules simultangotislwever, if trigger conditions different
from 'none’ are selected each module starts tloedieg with its own trigger pulse. Triggering
is indicated for all active modules by the triggedicator ‘lamps'.

The measurement continues until the specified nurabeoints, number of accumulations,
number of repetitions etc. has been reached. Thsunement can be aborted by the operator
by pressing the 'Stop' button.

Stop

'Stop' aborts a current measurement. Although tha@sorement data may be incomplete after
a 'Stop' command, the current results are avaikbbgter a correct termination.

Stop Scan

Stop scan is used to stop the recording of spect@her measurements with a step motor
action after each curve point. In the ‘Stop Scaatesthe button changes into ‘Start Scan’. The
measurement is continued when 'Start Scan' isgutess

Exit

The PMS software is left by 'Exit'. When the progris terminated, the system parameters are
saved in a file 'auto.set'. This file is loadedoaudtically at the next program start. Thus the
system will come up in the same state as in the embf the exit.

If you do not want to save the current settings gan reject the saving by switching off the
'save data on exit' button.
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The PM S Data File Format
The data files consist of

- a file header which contains structural data usdthd the other parts of the file

- the file information which was typed in when file was saved

- the system setup data for hardware and software

- one or more measurement description blocks wticttain the system parameters
corresponding to the particular data blocks

- data blocks containing one curve each, along wiformation to which measurement
description block they correspond.

File Header

All PMS data files start with a file header whiobintains information about the location and
the length of the other parts of the file. The tegdde variables are shown in the table below.

short revision software revision number
long info offset offset of the info part which dams general information (Title, date, time, cartgeetc.)
short info length length of the info part
long setup_offs offset of the setup data (sygtamameters, display parameters, trace paramete)s et
short setup_length length of the setup data
long data_block_offset offset of the first datadi (one data block contains one curve)
short no_of_data_blocks number of data blocks
long data_block_length length of each data block
long meas_desc_block_offset  offset to 1st. measemedescription block (sytem parameters conndotédta blocks)
short no_of meas_desc_blocks number of measuratesatiption blocks
short meas_desc_block_length  length of the meammedescription blocks
unsigned short header_valid valid: 0x5555, nodva@ix1111
unsigned long  reservedl
unsigned short  reserved2 length of the data bdatdénsion header
unsigned short  chksum checksum of file header
Info

This part contains the general information whick haen typed in when the data was saved.
The info part is stored in ASCIl. An example is@mnbelow.

*IDENTIFICATION
ID : _PMS Setup & Data File_
Title : startup
Version : 007
Revision 01
Date : 10-10-1997
Time 112:29:01
Author : Bond, James
Company : Unknown
Contents : Dye sample from Dr. No
*END
Setup

The setup block contains all the system parametiésplay parameters, trace parameters etc.
It is used to set the PMS system ( up to four meglaind software) into the same state as it
was in the moment when the data file was store@ Vdlues are stored together with an
identifier of the particular parameter. If a paréndas missing in the setup part, a default
value is used when the file is loaded. A typicalipesection is shown below.
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*SETUP
SYS_PARA_BEGIN:
#PR [PR_BASE_S, |,928]
#PR [PR_PCOL1,1]
#PR [PR_PWHAT,|,0]
#PR [PR_PF,B,0]
#PR [PR_PFNAME,S,STP.CFG]
#PR [PR_PORIEN,|,0]
#PR [PR_PEJECT,B,1]
#PR [PR_PWIDTH,F,180]
#PR [PR_PHEIGH,F,120]
#PR [PR_PFULL,B,0]
#PR [PR_PAUTO,B,0]
#PR [PR_SAVE_T,1,0]
#PR [PR_MODE,|,1]
#PR [PR_COL_TIME,F,0.0001]
#PR [PR_POINTS, 1,65536]
#PR [PR_ACCUM,B,0]
#PR [PR_STEPS, |,100]
#PR [PR_REP_TIME,F,0]
#PR [PR_CURVES,|,1]
#PR [PR_FCURVE,|,1]
#PR [PR_REPEAT,B,0]
#PR [PR_ALL_TIME,F,10]
#PR [PR_ASAVE,|,0]
#PR [PR_FNAME,S file1.sd]
#PR [PR_CYCLES,|,0]
#PR [PR_DIS_TIME,F,10]

#PR [PR_DAES,B,1]
#PR [PR_USESTP,B,0]

#PR [PR_STP_FN,S,STP.CFG]
#PR [PR_DEV_STAI,F,300]

#PR [PR_DEV_STA2,F,500]

#PR [PR_DEV_STE1,F,1]

#PR [PR_DEV_STE2,F,1]

#PR [PR_DEV_ACTIVE,,0]

#PR [PR_START_ACT,U,983055]
#PR [PR_POINT_ACT,U,983055]
#PR [PR_STEP_ACT,U,983055]
#PR [PR_CURVE_ACT,U,983055]
#PR [PR_CYCLE_ACT,U,983055]
#PR [PR_STOP_ACT,U,131074]
#DI [DI_SCALE,|,0]

#DI [DI_MAXCNT,M,10000]

#DI [DI_LBLINE,M,1]

#DI [DI_BLINE,M,0]

#DI [DI_GCOL_B,1,1]

#DI [DI_GRID,B,0]

#DI [DI_GCOL_F,1,8]

#DI [DI_TRSTYL,1,0]

#DI [DI_TRNO,|,2]

#DI [DI_PSTYLE,1,0]

#DI [DI_PFREQ,1,1]

#DI [DI_2DC1,B,1]

#DI [DI_2DC2,B,1]

#DI [DI_2DC1C,|,13]

M easur ement Description Blocks

#DI [DI_2DC2C,1,14]

#DI [DI_2DC1S,1,0]

#DI [DI_2DC2S,1,0]

#MPO [MP_BASE,|,896]

#MPO [MP_ACTIVE,B,1]

#MPO [MP_MODE,|,0]

#MPO [MP_ENABLE_MEAS,B,1]
#MPO [MP_TRIGGER,|,0]

#MPO [MP_GATE_A/F,2]

#MPO [MP_GATE_B,F,2]

#MPO [MP_INP_THR_A F,0.13779527]

#MPO [MP_INP_THR_B,F,-0.21653543]

#MPO [MP_EVENT_THR_A,G,1]

#MPO [MP_EVENT_THR_B,G,1]

#MPO [MP_COL_TIME,F,0.0001]

#MPO [MP_ALL_TIME,F,10]

SYS_PARA_END:

TRACE_PARA_BEGIN:

#TR #0 [1,15,0,0,1]

#TR #1 [1,14,0,1,1]

#TR #2 [0,15,0,0,1]

#TR #3[0,5,0,1,1]

#TR #4 [0,5,0,0,1]

#TR #5 [0,6,0,1,1]

#TR #6 [0,7,0,0,1]

#TR #7 [0,8,0,1,1]

TRACE_PARA_END:

“END

Each data block can (but need not) have its owtesyghardware) parameter set which
can differ from the setup parameters. In the blbaader of each data block a
corresponding measurement description block is ifspgc Therefore the number of

measurement description blocks can vary from omeal(i stored data blocks are

measured with the same hardware parameters) twuthber of saved data blocks (if all
blocks are measured with different hardware pararsetThe number, the length and
the location of the measurement description blaskstored in the file header at the
beginning of the file. Some measurement paramarersndividual for each data block
(e.g. channel’s gate level, trigger condition) esth parameters are stored in a data block

extension header.

The information in the measurement description kdois used for the 'Block Info'
function in the Load, Save and Trace Parameter meliuhe button 'Use System
Parameters from the Selected Block' is pressedsytsiem parameters are replaced by
the data in the measurement description block.

The measurement description blocks are stored lonary format. The structure is

shown below.

time of creation
date of creation

length of data

collection time interval

acquire cycles

char time[9];
char date[11];
short meas_mode;
U_SHORT points;
U_SHORT no_of_accum_curves;
short first_curve;
short curves;
float col_time;
float rep_time;
short repeat;
U_SHORT cycles;
float all_time;
short use_motor;
char reservedl,;
short reserved?;
Data Blocks

Each data block contains the data of one curve.nlingber, the length and the location
of the data blocks is contained in the file heaatethe beginning of the data file. Each
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data block starts with the block header, then fadldhe block header extension and
finally the data set.

Each data block can (but need not) be measured diffdérent hardware parameters.
Therefore, for each block a data block header isvided, which specifies a
corresponding measurement description block. Furtbee the header contains a block
number, the offset of the data block from the beigig of the file, the offset to the next
data block and an information about the data inblbek (none, measured, loaded from
file, calculated, simulated).

The structure of data block header is shown below.

short block_no number of the block in the filmm O to no_of_data_blocks-1

long data_offs offset of the data block from tlegibning of the file

long next_block_offs offset to the data block revaaf the next data block

unsigned short  block_type 0: unused 1: measurddta:from file 3: calculated data 4: simulatechdat
short meas_desc_block_no Number of the measumesatiption block corresponding to this data block

unsigned long  resevedl
unsigned long  reserved2

The block header extension contains specific blodkrmation. The length of the
header extension is defined in the file headeel(fireserved2’ ). The structure of the
block header extension is shown below.

char mod_ser_no[16]; serial number of the module
short trigger; trigger condition

float gate_level; gate disciminator level

float inp_threshold; input threshold level
U_SHORT event_threshold;

int events_no;

float reserved2;

The data of the block specified by the block heaslstored as shown below. It follows
directly after the data block header extension. ifiterpretation of the data depends on
the measurement mode in which the block was meaquimeas_mode’ field in the
proper measurement description block).

For the multiscaler mode data is interpreted abiBfalues of subsequent points of the
curve.

unsigned long  curvepoint[0]
unsigned long  curvepoint[1]

unsigned long  curvepoint[data_block_length-1]

For the ‘Event Mode’ the first half of the data ¢#kocontains the 32-bit counter values
of the subsequent events up to the number of ewdsfised in the block header
extension (field ‘events_no’ ). The second halftld data block contains the ‘Macro
Time’ (in seconds ) of the subsequent events stasdtbat values ( 4 bytes).

unsigned long  counter_value_of_event[0]
unsigned long  counter_value_of_event [1]

. counter_value_of_event [events_no-1]
unsigned long  not_valid_point[events_no] *)

unsigned long  not_valid_point[data_block_lengti/B*)

float time_value_of_event [0]

float time_value_of_event [1]
time_value_of_event [events_no-1]

*) If events_no is less than data_block_lengthi&ré will be no valid bytes after the last evenirger value up to the half of the
data where events time information begins.
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Trouble Shooting

Although we believe that our PMS modules work tdiiatests can be recommended
after an accident such as overvoltage, mechanicgdssor another extreme situation.
Furthermore, if a measurement setup does not werkxpected a test of the PMS
module can help to find out the reason. Howeveg, libst strategpefore a test is
required is: Avoid damage to the module!

How to Avoid Damage

The best way to avoid any trouble is to avoid ctods that can cause damage to the
PMS module. The most dangerous situations areilesidoelow.

Electrostatic Discharge

Electrostatic discharge can damage the module whennserted or removed from a
computer or when it is touched for other reasortss happens when your body is
electrically charged and you touch a sensitive pittie PMS module. To avoid damage
due to electrostatic discharge we recommend toviothe rules given below:

Before inserting a PMS module into a computer, ghauld touch the computer at a
metallic (grounded) part to drain a possible chafggur body.

When the module is taken from its packaging boghibuld be touched at first at the
front panel.

Before bringing the module into contact with thenputer touch both the module at the
front panel and a metallic part of the computer.

When taking a module from a computer touch a metpkrt of the computer before
touching the PMS module.

There are extreme situations (especially in headeths in the winter) where sparks are
crackling when touching anything. Such an environimghould be avoided when
handling any electronic parts. Or, if this is nosgible, it is not ridiculous to take off
shoes and socks when handling sensitive electdavices.

Overvoltage at the signal inputs

Damaging the signal inputs is the most expensiegdant, because the ultra-fast input
comparators has to be replaced in this case. Tareref

Never connect a photomultiplier to the PMS modulewthe high voltage is switched
on! Never connect a photomultiplier to the PMS mledii the high voltage was

switched on before with the PMT output left operdvir use switchable attenuators
between the PMT and the PMS! Never use cables andectors with bad contacts!
The same rules should be applied to photodioddsatigaoperated at supply voltages
above 20V. The reason is as follows: If the PMTpautts left open while the HV is

switched on, the output cable is charged by thk darrent to a voltage of some 100V.
When connected to the PMS the cable is dischangedthe PMS input. The energy
stored in the cable is sufficient to destroy thauincircuitry. Normally the limiter diodes

at the input will prevent a destruction, but théacwill stress the diodes enormously.
Therefore, don't tempt fate!

To provide maximum safety against damage we recardnte connect a resistor of

about 10 kOhm from the PMT anode to ground insideRMT case and as close to the
PMT anode as possible. This will prevent cable gingrand provide protection against
damage due to bad contacts in connectors and cables
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Furthermore, please pay attention to safety rulesrnmhandling the high voltage of the
PMT. Make sure that there is a reliable ground ection between the HV supply unit

and the PMT. Broken cables, lose connectors aner tidd contacts should be repaired
immediately.

Please be careful when working with low repetitiate lasers. Most of these lasers
deliver so high pulse energies, that a photodicde switch into a breakthrough state
and deliver an extremely high current for hundrefdss. Even PMTs can deliver pulses
of several 100 mA when they are hit by the lasésgu

Software Testing Facilities

Interface, Registersand DACs

When the PMS standard software starts it autonitiessts the interface functions, the
internal control registers and the DACs for therdoand gate thresholds. Therefore, if
the software starts without any error message youexpect that these parts of the
module work correctly.

Cou nter TeSt BICOUNTER TEST

To test the input comparators, gates ¢
counters the ‘Counter Test' function
implemented (‘Software’, ‘Functions in th
Menu Bar’). The counter test internal
applies pulses to the gate and count inputs
different threshold settings and checks
corresponding counter results. To run 1
Counter Test, all external signals must
disconnected.

If the Counter Test does not return errors it ig/wmlikely that the module is damaged.
The only parts that remains untested are the ippatection resistors and diodes.
However, these parts can be destroyed only by rertreverload, and it is unlikely that
the overload protection is destroyed while the caragors are still working.

Memory Test

If you suspect any problems with memory of the PM&dule, run the ‘PMS Test’
program delivered with the PMS Standard Softwahee main panel of this program is
shown below.

Switch on ‘All Parts’, ‘Repeat’ and ‘Break - s
Error' and start the test. If the prograr ., B e
on rror an " ) . p g Test Messages
performs several test loops (indicated E

‘Test Count’) without indicating an error yot
may be sure that the memory of the modu
works correctly. Depending on the speed -
the computer, it can take some 10 s to ri
one test loop.

Test Count 0

Start (F1) | Pogse (5731 Step 175 Exit (Esq) |

If an error should be displayed, check that the uted inserted correctly and that there
Is no address conflict (See next section).
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Testswith a Pulse Gener ator
Test for General Function

These test requires a pulse generators with a putite of 2 to 20 ns and a repetition
rate of 16 MHz and 1 MHz respectively. A simplstteetup is shown below.

Mode: Channel rates

Pulse Generator
1 MHz, Pulse Width 2..204n

Rep.Rate 1 MHz (1us)

TTT —_

‘Count’

Width 2 to 20ns
Amplitude: -100mV

The pulses from the pulse generator are appliesh® Count input of the PMS. The
Gate input is left open. The PMS is operated in@nnel Rates’ mode with

Module Parameters and Measurement Control
Time per Point = 1s
Accumulate = OFF
Repeat = ON
Repeat after 0 s
Trigger Condition = NONE
Inp. Thresh. =-0.05 V
Gate Threshold = -2V for ‘Active High Configuration
Gate Threshold = +2V for ‘Active Low Configuration’

Display Parameters
Scale Y = Logarithmic
Max Count = 10
Log Baseline=1

Trace Parameters
Trace 1: Active, Module 0, Curve 1, Channel A, Goldifferent from background
Trace 2: Active, Module 0, Curve 1, Channel B, @oldifferent from background

Configure Menu
Record 1 Curve starting from Curve 1
Repeat sequence after Os

After starting the measurement the count rate lbdhe used channel should indicate
about 16 counts. Now change the pulse repetition rate febalt should follow the rate
of the generator.

To test the gates reverse the polarity of the Ghateshold. This closes the gate so that
the counting result should drop to zero.

Test for Gating and Triggering

A complete test for counting, gating and triggercan be done in the setup shown
below. This test requires two pulse generators. @rthem must have two channels or
an additional trigger output. Due to the complexityhe setup this test is recommended
only under very special circumstances.
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Pulse Generator 1 Pulse Generator 2
Rep. Rate 1 kHz

Rep. Rate 10 MHz 100us 100ns

v TTL Mode: Multiscaler
Pulse Width 2..20ns] _I_L _rL
Rep.Rate 10 MHz (0.1us I |
I I I Trigger
Width 2 to 20ns Gate .
R ‘Trigger' 1 1
Amplitude: -100mV
10us ‘Gate'
‘Count'

Use the following settings for the test:

Module Parameters and Measurement Control
Time per Point = 250ns
Points = 1000
Repeat = ON
Accumulate ON, 100 Sweeps
Display ‘Each Curve’
Repeat after 0 s
Trigger Condition = Rising Edge
Inp. Thresh. =-0.05 V
Gate Threshold = +200mV, ‘Active High Configuration

Display Parameters
Scale Y = Logarithmic
Max Count = 1000
Log Baseline =1

Trace Parameters
Trace 1: Active, Module 0, Curve 1, Channel A, Goldifferent from background
Trace 2: Active, Module 0, Curve 1, Channel B, @oldifferent from background

Configure Menu
Record 1 Curve starting from Curve 1
Repeat sequence after Os

When the measurement is started the ‘Triggeredcatdr should turn on. The PMS
should count the pulses from Generator 1 insideggite pulse from Generator 2. With
the recommended settings the result should betangdar pulse with the width of the
gate pulse and with an upper level of approxima28§ counts. Some fluctuations are
possible due to interference between the pulsergtms.

Test withaPMT

A simple setup for testing the combination of thd3°and the detector is shown in the
figure below.

Mode: Multiscaler

Pulse Generator

Rep. Rate 10 kHz
1to 50us 100ns
[Liesy L™ M
50 Ohm

‘Trigger' 1 1

y 'Gate'
Filter —]

I I:l ‘Count'
D PMT

LE

The recommended PMS settings are:
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Module Parameters and Measurement Control
Time per Point = 250ns
Points = 1000
Repeat = ON
Accumulate ON, 100 Sweeps
Display ‘Each Curve’
Repeat after 0 s
Trigger Condition = Rising Edge
Inp. Thresh. = -0.05 V (depends on detector)
Gate Threshold =+100mV, ‘Active High Configuration’

Display Parameters
Scale Y = Logarithmic
Max Count = 1000
Log Baseline=1

Trace Parameters
Trace 1: Active, Module 0, Curve 1, Channel A, Goldifferent from background
Trace 2: Active, Module 0, Curve 1, Channel B, @oldifferent from background

Configure Menu
Record 1 Curve starting from Curve 1
Repeat sequence after Os

Frequently Encountered Problems
Themoduleisnot found by the PM S software

Check the address in the PMS.INI file and the sgtof the DIP switch on the PMS
module (See ‘Changing the Module Address’). Trytaap address to be sure that the
problem is not caused by an address conflict withttzer module.

Check that the module is correctly inserted. Eslgciwvhen moving the computer the
module can work loose. Furthermore, the conneaarshave some longitudinal play
which can cause problems for PCI connectors. Make that the bus connector is
clean. If necessary, clean with ethanol, isopropanacetone.

If you work with Windows NT: Is the correct softveaversion installed? Was the
software installed under Windows NT? Installing #odtware under Windows 98 and
working under Windows NT is not possible.

No countsin the Channel Rates M ode

Run the ‘Counter Test’ (you find it under ‘MainFor the test, the input signals must be
disconnected. If the counter test does not shoargrthe module is most likely not the
reason of the problem.

Check the Input Thresholds. To make sure that yewsing appropriate values, check
the SER of your PMT. (see ‘Checking the SER of PMTs

Switch on ‘Repeat’, check the ‘Time per Point’ sejt

Do you display the correct curves? Is the selectddur different from the background
colour? Check the Trace Parameters and the seitiriigse ‘Configure’ menu.

Check the Display Parameters. Check ‘Maxcount’ écsbrre that the expected result is
within the display range.

Gate is not used: Check the gate polarity (by ‘Geuiest’) and the Gate Threshold.
For Gate Polarity ‘Active Low’ the Gate Thresholdish be positive, for Gate Polarity
‘Active High’ the Gate Threshold must be negative.

Gate is used: Check the gate polarity (by ‘Coumtst’) and the Gate Threshold.

64



Check the gate signal by an oscilloscope. (Donmggé¢bto switch the input impedance to
50Q)

Trigger is not used: Check that ‘Trigger Conditigg'none’

Trigger is used: Does the PMS trigger? The triggdicator must turn on. If it doesn't,
check your trigger signal.

No curveson the screen in the Multiscaler Mode

Does the PMS display results in the Channel Ratedef If not, refer to the previous
section.

Check the Input Thresholds.

Check the ‘Time per Point’ and the ‘Points’ setiing These values determine the
overall curve time (shown in the lower part of mpanel ).

Check ‘Accumulate / Sweeps’. For a long overallveutime and a high number of
accumulations it can take a long time until the soe@ment is completed. If this time is
long, switch on ‘Display each Curve’ or set ‘Dispkter ...” to some seconds to display
intermediate results.

Do you display the correct curves? Is the selectddur different from the background
colour? Check the Trace Parameters and the seitiriigs ‘Configure’ menu.

Check the Display Parameters. Check ‘Maxcount’ écsbrre that the expected result is
within the display range.

Gate is not used: Check the gate polarity (by ‘Geuitest’) and the Gate Threshold.
For Gate Polarity ‘Active Low’ the Gate Thresholdish be positive, for Gate Polarity
‘Active High’ the Gate Threshold must be negative.

Gate is used: Check the gate polarity (by ‘Coumtst’) and the Gate Threshold.

Check the gate signal by an oscilloscope. Dongdbto switch the input impedance to
50Q.

In the Multiscaler mode usually the trigger is usbdes the PMS trigger? The trigger
indicator must turn on. If it doesn’t, check yorigger signal.

Curve(s) on the screen do not change when measur ed

You display another curve than you are measuringeck the trace parameters as
described above.

Ripple or wavesin the curves
Check your Trigger signal. It should not exceedrtree from OV to +5V.
Keep the trigger cable and the cables to the copnats well separated.

Try with a slightly higher ‘Input Threshold’. If ¢hthreshold is too close to zero the
input discriminators can respond to spurious dggn@his can impair the timing
accuracy. Please take also into account that ttaerdoe an offset of some 10mV due to
discriminator offset and DC current on the inpoel

Make sure that there is no electrical noise fromryight source. Especially diode lasers
often are radio transmitters rather than light sesr
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Chaotic Resultsin the Multiscaler M ode

Check whether the PMS is triggered correctly. Chibektrigger signal and the trigger
condition. If the measurement is not triggered eaigly subsequent sweeps cannot be
averaged correctly.

Check also for loose cables and ground loops anfaut threshold too close to zero.
M easur ement shows steady state light instead of expected pulses

Check whether the PMS is triggered correctly. Chdclgger signal and trigger
condition. If the measurement is not triggered eai|ly subsequent sweeps cannot be
averaged correctly.

Please check also whether the trigger pulse hasattect temporal position referred to
the light signal.

High or unstable count rate although the detector isoff or dark

Noise from the environment. Check your setup foougd loops. All components
(computer and its peripherals, light source, monmoiator etc.) should be operated
from the same power socket.

Isolate the detector from the laboratory tablesTdan interrupt a possible ground loop.

Check the input thresholds. For values close t@m Zée noise often from radio
transmitters can be detected. Please take intauattbat there can be an appreciable
offset on the count input signals due to DC cusdiotving through the signal cables.

Disconnect network cables from the computer thataios the PMS. These cables often
act as antennas and introduce strong noise signalthe system.

Check for faulty cables and loose connectors.
Dark Count Ratetoo high

Check the input threshold. If the threshold is lme spurious signals from the detector
power supply, small dark pulses of the detector aoide from computers or radio
transmitters can be detected. Furthermore, multiplenting can occur due to ringing
and reflections in cables.

Keep the detector as cool as possible.
Make sure that the detector does not detect dayligh
Crosstalk between Channels

Input threshold too close to zero. Please notethieake can be an offset of some 10mV
due to DC currents flowing in ground loops.

Check the system for ground loops. Check for facéiyles.
Insufficient Sensitivity

Check the Input Threshold. Check the SER of thee@et (Please see ‘Checking the
SER of PMTS’).

Multiscaler Mode: Is the PMS triggered for eaclintigulse to be accumulated? Is there
a light pulse for each trigger pulse the PMS dstecif there are reflections on the
trigger pulse the PMS can trigger also on the sgamyge of the trigger pulse. If this

edge is outside the recorded time interval the RW#ts a sweep, but does not record
the correct part of the signal.
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Preamplifier / Detector does not work when powered from the PMS

If the preamplifier or the detector is powered fréme sub-D connector of the PMS:
Check the +12V output (pin 10). If the +12V are simg you have most likely shorted
the +12V at the sub-D connector and burned theexiion on the PMS module.

Assistance through bh

We are pleased to assist you in case of problestci@sed with your PMS module. To
fix the problem we ask you to send us a data fidt) of the questionable measurement
or (if a measurement is not possible) a setuf Blet) with your system settings.

Furthermore, please add the following information:

Description of the Problem

PMS Serial Number

Software Version

Detector type, Operating voltage of the detectttTRCathode type
Preamplifier type, Gain, Bandwidth etc.

Laser System: Type, Repetition Rate, WavelengtingPo

Gate Signal Generation: Photodiode, Amplitude, Hisee

Optical System: Basic Setup, Sample, Monochromator

System Connections: Cable Lengths, Ground Conmextiddd a drawing if necessary.
Environment: Possible Noise Sources

Your personal data: E-mail, Telephone Number, Pdstdress

The fastest way is to send us an email with tha fiig(s) attached. We will check your
system settings and — if necessary — reproducepratem in our lab. Usually we will
send you an answer within one or two days.

Becker & Hickl GmbH
Nahmitzer Damm 30

12277 Berlin

Tel. +49/30/787 56 32
FAX +49/30/787 57 34
email: info@becker-hickl.com
http://mww.becker-hickl.com
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Specification PM S-300

Counting Inputs
Number of Channels
Input Pulse Polarity
Input Pulse Amplitude
Input Connector / Impedance
Input Threshold
Gate Signals
Configuration
Input Pulse Polarity
Gate Pulse Amplitude
Input Connector / Impedance
Input Threshold
Gate Pulse Width
Counters
Number of Channels
Count Rate
Counter Resolution
Memory
Memory Size
No. of Time Channels (Multiscaler)
No. of Events (Event Mode, Memory)
M easurement Control
Internal Timer
Collection Time
Time/Channel (Multiscaler)
Time Resolution in Event Mode
Trigger
Trigger Pulse Width (Pulse Amplitude > 3 V)
Optional External Control Signals

PC Interface
Module Access
Parallel Operation of several Modules

Bus Connection
Power Consumption
Dimensions
Maximum Ratings
Input Voltage at Count Inputs
Input Voltage at Gate Inputs
Input Voltage at external Control Inputs
Load at Power Supply Outputs

Power Supply Voltage
Ambient Temperature
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2

positive or negative (configuie)

10 mV ... 1 V (Preamplifiengilable)
SMA/

-1V ... +1V, Resolution 9 bit

separate inputs for both channels
positive or negative (confale)
20 mV ... 2 V (Preamplifievaitable)
SMA/
-2V ... +2 V, Resolution 9 bit
min. 1 ns at 200 mV p-p

2
>800 MHz at 50 mV p-p input amplitude
32 hit

256 k bytes for each channel
64 k
32k

Common Timer for both channels
0.2 pys ... 100 000 s

250 ns ... 100 000 s

min. 250 ns
TTL/CMOS, pos. or neg. Edge

minn$

/Disable Arm (inpT TL/CMOS)
/Disable Collect (Input, TTL/CMOS)
Armed (Output, TTL/CMOS)
Collect (Output, TTL/CMOS)

via 1/O only
up to foudmies, via common
programmable SYNC Address
ISA 16 bit
approx. 8 W at +5V
200 x 110 mm

5V (DC), 30Vi&)
5V (DC), 30\u&)
DC: -2V+7V, 1 us: -10V ... +20V
+5V, -5V: 100 mA
+12 V: 500 mA
55V
60 °C



Specification PM S-400 and PM S-400A

Counting Inputs
Number of Channels
Input Pulse Polarity
Input Pulse Amplitude
Input Connector / Impedance
Input Threshold
Gate Inputs
Configuration
Input Pulse Polarity
Gate Pulse Amplitude
Input Connector / Impedance
Input Threshold
Gate Pulse Width
Trigger Input
Input Pulse Polarity
Trigger Pulse Amplitude
Input Connector / Impedance
Input Threshold
Trigger Pulse Width
Counters
Number of Channels
Count Rate
Counter Resolution
Memory
Memory Size
No. of Time Channels (Multiscaler)

No. of Events (Event Mode, Memory)

M easur ement Control
Internal Timer
Collection Time
Time/Channel (Multiscaler)
Time Resolution in Event Mode
Trigger

Trigger Pulse Width (Pulse Amplitude > 3 V)

Optional External Control Signals

PC Interface
Module Access

Parallel Operation of several Modules

Bus Interface
Power Consumption
Dimensions

Maximum Ratings
Input Voltage at Count Inputs
Input Voltage at Gate Inputs
Input Voltage at Trigger Input

Input Voltage at external Control Inputs

Load at Power Supply Outputs

Power Supply Voltage
Ambient Temperature

2

positive or negative (configuie)

10 mV ... 1 V (Preamplifiensilable)
MCX /

-1V ... +1V, Resolution 9 bit

separate inputs for both channels
positive or negative (confale)
20 mV ... 2 V (Preamplifievaitable)
MCX /
-2V ... +2 V, Resolution 9 bit
min. 1 ns at 200 mV p-p

positive or negative

20 mV ... 2 V (Preamplifiévailable)
MCX /

-2V ... +2 V, Resolution 9 bit

min. 1 ns at 200 mV p-p

2
>800 MHz at 50 mV p-p input amplitude
32 hit

256 k bytes for each channel
64 k
32k

Common Timer for both channels
0.2 ps ... 100 000 s

250 ns ... 100 000 s

min. 250 ns
TTL/CMOS, pos. or neg. Edge

minn$

/Disable Arm (inpT TL/CMOS)
/Disable Collect (Input, TTL/CMOS)
Armed (Output, TTL/CMOS)
Collect (Output, TTL/CMOS)

via 1/O only
up to foudmies
PCI
approx. 8 W at +5V
200 x 110 mm

5V (DC), 30Mi)

5V (DC), 30Mu&)

5V (DC), 30V (1us)
DC: -2V47V, 1 us: -10V ... +20V
+5V, -5V: 100 mA

+12 V: 500 mA
5.5V
60 °C
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Options

The options listed below are available and workhwite PMS-300 and PMS-400.
Please see individual data sheets or http://wwwdrelickl.de

PMH-100 High Speed PMT Head

PMC-100 High Speed Cooled PMT Head

Hamamatsu H7422P photosensor modules

DCC-100 Detector Control Module

ACA-xx Wideband Preamplifiers, up to 32 dB, 2 GHz

HFAC-26 Wideband Preamplifier for PMTs, with Curté&fonitoring, 26 dB, 1.6 GHz
DC stable Wideband Amplifier DCA-xx, up to 20 dB)(bMHz

Step Motor Controller STP-340, for unipolar Motogsto 1 A phase current
PHD-400 and PDM-400 High Speed PIN photodiode mexl(fior gating)

APM-400 Avalanche Photodiode Modules (for gating)
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2D Data Processing 55

AC coupling, effect of 31
Accumulate 41, 42

Accumulation, of Signal Periods 11
Activating, a module 40

Activating, a trace 52

Active Modules 40

Address, Base Address 20
Address, DIP Switch 19

Address, of PMS Module 19
Address, SYNC Address 20

Adjust Parameters 53

Adjust Parameters, Hardware Configuration 53
Adjust Parameters, Production Data 53
Applications 12

ASCII Files 48

Assistance through bh 67
Avalanche Photodiodes 30
Background, Rejection of 13

Base Address 19

Block Diagram of PMS module 9
Block Info 45, 52, 55

Channel PMT 5

Channel Rates 41

Channel Rates Mode 10, 41
Collection Time 10

Configuration File 20
Configuration, Gate Inputs 22
Configuration, of Step Motor 50
Configure Menu 43

Configuring, a Measurement Sequence 43
Control, by external Signals 35
Control, of monochromator 43
Control, of PMS Module 10
Control, of step motor 43

Convert, Data Files 48

Count Input Configuration, finding out 23
Count Inputs, Configuration of 21
Count Rate 9

Counter Test 18, 23, 49, 61
Counters 68, 69

Counting Inputs 21, 68, 69
Cursors 54

Curve Window 39

Damage, by Charged Cables 29
Damage, by Electrostatic Discharge 60
Damage, by loose Cables 29
Damage, by overvoltage 60
Damage, by switchable Attenuators 29
Damage, how to avoid 60

Dark Count Rate 28

Data Blocks 58

Data File Format 57

Data Point 54

Data Processing 55

DCC-100 detector controller 32
Dead Time 33

Dead Time, between bins 33

Dead Time, between counts 34
Dead Time, between sweeps 33
Delayed Fluorescence 12
Detectors, APDs 30

Detectors, MCPs 28

Detectors, PMH-100 27

Detectors, PMTs 5, 26

Device State 39

DIP Switch 19

Discriminators 9

Discriminators, Response Time 9
Display 53

Display Control 43

Display Parameters 51

Display, background colour 51
Display, Cursors 54

Display, Data Point 54

Display, grid 51

Display, grid colour 51

Display, of intermediate results 43
Display, scale Y 51

Display, trace 51

Display, Zoom Function 54

DLL Libraries, Installation 14
Download, manual 16
Download, Software 16

Event Mode 11, 12,41

Event Threshold 11, 12, 40
Exiting the PMS Software 56
File Format 57

File Header 57

File Info 45, 47, 57

File Name 45, 47

File, Data Blocks 58

File, loading 45

File, loading selected parts 46
File, PMS data 45, 47

File, PMS setup 45, 47

File, saving 46

File, saving selected curves 47
File, setup part 57

Gain Stability 7

Gate 13

Gate Input Configuration, finding out 23
Gate Inputs 22, 68, 69

Gate Inputs, amplitude range 23
Gate Inputs, Configuration of 22
Gate Level 40

Gating Circuit 9

Gating Signal, Generating of 23
Gating, Response Time 9

Grid 51

H5773 26

H5783 26

H7421 27

H7422 27

H8632 27

Hardware Test 18, 38

HFAC-26 Preamplifier 30

Input Threshold 40

Installation 14

Installation, DCC Software 14
Installation, DLL Libraries 14
Installation, of Software 14
Installation, PMS Modules 17
Installation, PMS Software 14
Installation, PMS-300 18
Installation, PMS-400 module 18
Installation, several Modules 19
Interface 68, 69

Jumpers, for Count Input Configuration 21
Jumpers, for Gate Configuration 23
Licence Number 15

Load, a file 45
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Load, PMS data 45, 47

Load, PMS setup 45, 47

Load, Selected Parts of a Data File 46
Luminescence 12

MCP PMTs 28

MCP, Safety 29

Measurement Control 41
Measurement Description Blocks 58
Measurement Modes 41
Measurement, Accumulate 41, 42
Measurement, Configuring a Sequence 43
Measurement, Overall Time 42
Measurement, Points per Curve 42
Measurement, Repeat 41, 42
Measurement, several curves 44
Measurement, starting a 56
Measurement, Stop Scan 56
Measurement, stopping a 56
Measurement, Time per Point 42
Memory 68, 69

Memory Test 61

Menu Bar 39, 45

Microchannel PMT 5

Modes, Channel Rates 10, 41
Modes, Event Mode 11, 12, 41
Modes, Multiscaler 10, 41

Module Address 19

Module Address, Base Address 19
Module Address, DIP Switch 19
Module Address, SYNC Address 20
Module Parameters 40
Monochromator 12
Monochromator Control 43
Multiscaler 41

Multiscaler Mode 10

Overall Time 42
Phosphorescence 12

Photodiode Modules 24
Photomultiplier Tubes 5

Photon Counting 7

PMH-100 27

PMS Standard Software 38
PMS300.INI 20

PMT 5, 26

PMT, Dark Counts 28

PMT, for gating 24

PMT, measurement of SER 29
PMT, Pulse Height Distribution 8, 26
PMT, Safety 29

Points per Curve 42

Preamplifiers 30

Print Function 48

Production Data 53

R3809U 28

R5600 26

R7400 26

Repeat 41, 42

Repeat, Measurement 11
Repetition Time 41

Safety Rules 29

Save, afile 46

Save, selected curves 47

Save, Setup when Exiting 56
ScaleY 51

SER 5

SER, Amplitude Jitter 7
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SER, effect of amplitude jitter 7

SER, MCP 29

SER, measurement of 29

SER, PMT 29

SER, Pulse Height Distribution 26
Simulation Mode 20

Single Electron Response (see also SER) 5
Software 38

Software, Installation 14

Software, Simulation Mode 20
Software, Update 16

Software, Update from the Web 16
Specification 68, 69

Spectra 12

Start, of a Measurement 56

Step Motor 11, 12, 43

Step Motor, Configuration 50

Step Motor, define action 50

Stepping Action 43

Stepping Device, Configuration 50
Stop Scan 56

Stop, of a Measurement 56

STP-240 11, 12, 43, 50

Sub-D Connector 35

Supply Voltage, for external Devices 35
SYNC Address 20

Test, Counter Test 18, 49

Testing, by standard software 61
Testing, counters 61

Testing, memory 61

Testing, software facilities 61

Testing, with PMT 63

Testing, with pulse generator 62

Time per Point 42

Timer 10

Trace 51

Trace Parameters 51

Trace, coulour 52

Trigger 11, 24

Trigger Condition 24, 40, 41

Trigger Input 24

Trigger Input, internal configuration 25
Trigger, Indicator 39

Trouble Shooting 60

Trouble Shooting, chaotic results 66
Trouble Shooting, crosstalk 66

Trouble Shooting, curves don’t change 65
Trouble Shooting, dark count rate 66
Trouble Shooting, detectors 67
Trouble Shooting, module not found 64
Trouble Shooting, no channel rate 64
Trouble Shooting, no curves 65
Trouble Shooting, no pulses on screen 66
Trouble Shooting, preamplifiers 67
Trouble Shooting, Ripple 65

Trouble Shooting, sensitivity 66
Trouble Shooting, SER 64

Trouble Shooting, unstable count rate 66

Trouble Shouting, frequently encountered problems

64
Uninstall PMS Software 17
Windows 2000 38
Windows 98 38
Windows NT 38
Windows XP 38
Zoom Function 54



