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Appendix A: Raman Feasibility Calculations and
Comparison with ATR

The two techniques of Raman spedroscopy and attenuated total refledion (ATR) spedroscopy
are compared herefor their suitability to make opticd fibre remoted measurements of compounds
disolved in water. Toluene and chloroform are chosen as arbitrary but typicd target analytes.

Fibre-Remoted Raman Detection

The detedion of a Raman spedrum invalves the detedion of low levels of light, and efficient
transmisgon and detedion of the light is essential. In deteding tracequantiti es of compounds
in water it is necessary to resolve the target spedrum from the broad feaures resulting from
hydrogen bondng between the water moleaules.

Probe consider ations

The diameter D of the opticd fibres used to form the entrance dlit (and probe) determine the
resolution of the spedrograph (and the amournt of light colleded). The unwanted Raman
scatered light from the water will be coll eded as efficiently as that of the target analyte, and the
water Raman spedrum is asauimed here to be homogenous, constant and feaureless

When the resolution of the spedrometer is equal to the width of the lines of the target analyte
(with fibres of diameter D)), then increasing the diameter of the probe fibres increases the amourt
of target Raman light faling on to a tall thin detedor in propation to D. The colleded
badkgroundRaman light falli ng onto such a pixel increases with the square of the fibre width.
Asaiming that the shat noise in the badkgroundand target Raman light is the dominant source
of noise in the measurement, the signal to noise ratio bemmes essentialy constant for fibre
diameters greder than 8 times the limiting diameter D,. For the case of the spedrometer
constructed for this projed this corresponds to fibres of diameter larger than 50 pum.

Target analyte and water scattering cross sections

Normalised scatering cross sedions are tabulated below. The normalisation correds the v*
dependancy of the intensity of Raman scatering, so that cross sedions measured at one
excitation wavelength may be compared with measurements made at ancther.
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TableA.1
Compound Frequency / | Normalised scattering | Measurement Scattering cross | Source of
cm? crosssedion, Wavelength / nm sedion, o, at data
do/dQ-(vy-v)™*/ 676nm/
10“® cmbgr? 10%cm?gr?
Water 3,400 96 488 1.6 11
Water 800 5 1,064 0.2 See
foatnote®
Toluene 1,002 111.5 694 4.0 2]
Chloroform 666 64 515 2.5 [2]

Expected signal intensities

In these cdculations the tabulated differential crosssedions are assumed to be constant over the
solid angle viewed by the probefibres. It isassumed that the most significant noise contribution
isfrom the shat noise of the Raman light generated in the water, ie the detedor noiseis negleded.
The experimental system under consideration is a 100 mmlong perfedly guiding liquid-cored
waveguide cdl, with the agueous anayte as the guiding medium. The core diameter is 500 um,
and light is delivered to and coll eded from the cdl by a close padked bunde of 19 12585 um
(outer diameter/core diameter) step index opticd fibres, 1 fibre used for light delivery, 18 for
colledion. Simple geometry then suggests that 52% of the li ght scatered badk towards the probe,
withinthe NA of the colledionfibres, will be colleaed by the probe. This does naot consider the
small region close to the probe where lessthan 52% of the light is colleded, asit is outside the
overlap volume between the deli very and coll edionfibres.

A fibre numericd aperture (NA) of 0.16is assumed, matched to the accetance NA of the
spedrograph. The numericd aperture is related to the accetance solid angle Q by the formula

Q=2n(1-cos(sin"Y(NA))
Negleding multi ple scattering events and absorption of the incident bean, the power scatered

(A.1)

badk toward the probe P, from a beam of initial power P, is given by

P.=Py(1-exp(-onQx)) (a2
where o isthe scatering crosssedion as given in the fifth column of table A.1 and x isthe length
of the cdl. While o issmall, this may be written to agoodapproximation as

PS=P00I’]QX (A.3)

3Estimate based on Weber [1], and experimental data.
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The power colleded by the probe due to scatering from water, and 1 part per milli on chloroform
and toluene, cdculated from equation A.3 are tabulated below, when P,=100 mW, taking into
acourt the 52% colledion efficiency of the fibre probe, and assuming a detedor quantum
efficiency of 0.5. Equation A.3 gives the amourt of energy scatered into a single Gaussan
profiled line. The quaed power in the water badkground(table A.2) is 6 timesthat given diredly
by equation A.3 because the water badkgroundis constant, and so considered here as a series of
6 overlapping lines.

Table A.2
Scdterer Number of scatered phaons Associated shot noise (phaons)
colleded per second
Water 2.8E+9 5.3E+4
1 ppm toluene 1.0E+4 100
1 ppm chloroform | 6E+3 77

Measurement timerequired for signal to noiseratio of 3

Ascan beseenintable A.2,the shat naise in the water badkgrourd is the dominant noise source
(much larger than the shat noise in the analyte signal). The signal to noise ratios (the number of
deteded phaons scatered by the analyte divided by the shat naise of the water scattered Raman
light) for one seandintegration times SN, are tabulated in table A.3. The number of one second
measurements necessary to achieve a signal to noise ratio of 3 (an arbitrary value chosen to
represent unambiguous detedion of aline) is aso tabulated.

TableA.3
Scaterer Signal to naiseratio (one Number of measurements necessary
seondintegrationtime), SN, | toraise signal to noiseratio to 3
(measurement time in seands)
1 ppm toluene 0.2 225
1 ppm chloroform 0.1 900
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Theinitial signal to naiseratio, SN, issimply taken as the number of phaons scatered per second
divided by the shat noise of the water badkground. The number of measurements necessary to
increase the signa to naiseratio to three(ie the length of the measurement time t in secnds) is
foundfrom equation A .4.

2
T:( i) (A.4)
S\Il

Attenuated Total Reflection/Evanescent Field Absor ption

The technique of attenuated total refledion (ATR) spedroscopy is a standard tod for the study
of the IR (from 2 to 10 um) absorption spedraof, among other things, highly absorbing liquids.”?
Recantly the technique has been extended through the use of opticd fibres, where it is more
usually referred to as evanescent field absorption (EFA) spedroscopy.

Brief overview of the technique

When light incident from amedium of refradive index n, to one of lower index n, isrefleded at
an interfaceby total internal refledion™ some of the energy of the refleded wave penetrates the
lower index medium as an evanescent field. The evanescent filed is nat atravelling wave, and
does nat propagate energy away from the boundxry. The depth of the penetrationis related to the
wavelength of thelight, its angle of incidenceat the interfaceand the refradive indices of the two
media by equation A.5. As « approades the criticd angle d, can become very large with a
propationaly larger fradion of energy present in the evanescent wave. If the lower index
medium has any absorption bands, then energy is removed from the refleded wave at those
wavelengths.
dP: in2 . 2
2nn,(sin“(e) -(n,/n,)<)

A typical ATR attachment (Infra red element (IRE)) for an IR spedrometer resembles a

(A.5)

trapezoidal prism, with a(partialy) collim ated beam of li ght propagating obli quely down the long
axis, undergoing total interna refledion (TIR) at the parall € top and battom surfaces of the IRE.
Thelight that passes through the IRE is analysed by a spedrometer, and the resulting spedrum
contains the same information (in a dightly distorted form) as a conventional thin cdl IR
absorption spedrum.
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The evanescent field of alength of IR transmitting fibre (with a suitably thin cladding) may aso
be used to perform a similar measurement, although the measurement is usually referred to as
EFA spedroscopy. If the fibre used as the sensing region is multimoded, then the resulting
spedrum will be further distorted from the conventional transmisson spedroscopy measurement
due to the uneven removal of power from ead guided mode of the fibre.

To increase the sensitivity, and remove paotential masking absorptions, EFA sensors for
contaminantsin water often consist of paymer coated tapers. The taper increases the evanescent
field penetration into the paymer coating, which seledively absorbs (premncentrates) many
organic compounds, whil e excluding wate.

Expected senditivity (literature review)

PVC coated tapered chalcogenide fibres have demonstrated detedion limits (for 12 minute
measurement times) between 0.11% (chloroform) and 0.008% (nitrobenzene).’® The diffusion
into the palymer coating was reversible, reading equili brium in approximately 10 minutes.
When the paymer coating was removed from the taper no signal was observed for 0.15%
benzene in water, whil e the detedion limit with the paymer coating was caculated to be 0.02%.

Polymer coated sil ver hali de tapers, couded with an FT-IR spedrometer, have aso demonstrated
mg/L detedion limits of chlorinated hydrocarbors in water!. A similar sensing element used
with awavelength moduated light source (tunable diode laser) and“ 2f” phase sensiti ve detedion
has extended this sensitivity down to 50 pg/L of tetrachloroethylene.

Conclusions

The gredest problem faced in EFA anaysisisthe relatively poa transmisson of opticd fibres
inthe IR region of the spedrum. Typicdly silver halide fibrestypicdly display over 1 dB/m loss
and aretoofragil e for use over any distance, limiti ng their appli caionto short (lessthan a metre)
sedions as intrinsic fibre sensors. It may be possble to use fluoride glassfibre to opticdly
remote an EFA measurement, but transmissonis only over the mid-IR (2-5 pm), and the most
useful vibrational information is usualy found below 5 um. Even so, there are other
disadvantages in employing the EFA tedhnique.

There is no posshility of making a non-contad measurement by ATR/EFA, therefore the
tedhniqueis particularly susceptible to fouling. ATR/EWS is an absorptiontechnique, and small
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absorptions on alarge badkgroundof transmitted light must be deteded. The shot noise of the
transmitted badkgroundis much more likely to obscure a line than is the scatered badkgrourd
light of a Raman measurement.

The tedhndogy required to make opticd-fibre-remote Raman measurements in the visible and
NIR isredaily avail able, espeaally in robust and miniaturised form, and at a cost benefit due to
the large requirement from the telecommunications industry. Diode lasers cgpable of couding
ever increasing amourts of monachromatic light in to an opticd fibre beame avail able monthly,
with powersin excessof awatt currently avail able. Raman offers the posshility of making non
contad measurements, so that fouling of probe opticsisnot aproblem.

The numbers presented in this document show that Raman scatering can offer asimilar level of
sensitivity to EFA, but with greder potential to make the measurements opticdly remote from
the necessary instrumentation. In this particular applicaionit isthe more promising technique
for investigation. Thework itself isvaluable even if aprototype system cgpable of deteding parts
per billi on of a particular analyte is not built. The results will be applicable to other areas of
applicaion, and the cdl arrangements and signal referencing techniques are valuable in
themselves.
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Appendix B: C Source Code for the CCD Interface

1. Software Overview

All operation of the CCD is controlled via the software window shown in figure B.1. This
controlsthe CCD integration time set, the number of averagesin ead measurement, any system
corredion used (eg for various opticd filters at the spedrographinpu), the LabPC+ preamp gain,
and any offset in the reference cdl signal. Other comments to be stored with the data can also be
entered from the front panel, as can the name of the fil e in which measured datais to be recorded.

The results of the most recent acquisition are displayed as a line graph on the front panel, unless
aquuistionisin progress in which case the display islive, displaying the current intensity profile
aqossthe CCD. Each aayuisition may comprise upto 25indvidual readings. The user may step
through ead of these realings using the displayed spedrum control. By doule clicking the
control the program will step through ead set automaticdly.

= CCD Panel [Array Mode] ©Steven Mackenzie, ORC. 1996. vl o

File Read CCD Axes

CCD Dutput

SRG 715 *

I
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?4I] 1] ?BI] 1] ?Bl] 1] Bl]l] 0 82l] 0 84l] 1] BBI] 4
Wavelength / nm Displayed Spectrum : 0

[I— Date: 7.9.1997 il

MNeon bulb through fibre bundles 1 and 2
(OFF JiZ1.000 ¢ y——

Figure B.1 The interfaceto the CCD Array readout program. Datais acquired and saved using the menu bars at the top
of the screen. System parameters are entered diredly into the boxes in the window. All parameters, the date, and any

comments typed into the appropriate boxes are saved with the data. Here the intensity is shown plotted against alog scde

to accentuate the lower pesks and the readout noise.
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Dataisfiled by using the Fil e data option from the Fil e menu, and the intensity profil es for ead
of the recorded spedrais saved in columns as ASCII text, aong with other information, as shown
infigure B.2.

Hamamatsu C5809 CCD Data. Date: 27.7.1997

Read mode: 1

LabPC+ ADC gain: 1

Integration Time: 2.000160e-01  seconds

No. of averages: 0

System correction: 3

Probe/input arrangement: ~ fibre 2, 4.5mL/L of 600mg/L PB -+4%, 14.9mW

Comments: 5x24 readings in background, laser = 134.2mA

Wavelength/nm Wavenumber shift Normalised data

860.660000 3209.005178 -3134.819149 -200555.657909 -179129.950854
860.370400 3205.094235 1.083672 1.083672 5.727958
860.080800 3201.180658 -0.308891 -0.308891 7.799513
859.791200 3197.264445 0.142926 1.286336 7.003382

Figure B.2 Thefirst 14 rows of atypicd data file from the program ccdarray.exe. Three columns of data have been
recorded in this example; ead data set comprises 512 points, corresponding to the 512 CCD columns.

Thefirst li ne of the datafile is aline of text which identifies the source of the fil e, and the date
onwhich it was recorded.

2. Softwar e Source Code

Thisis the source code for the program CCDARRAY. It works in conjunction with a National
Instruments LabPC+ data aqquisition card, interfacecircuitry described in chapter 3, and the
binary fil e cadarray.uir, produced with the National Instruments CVI compil er. The ccdarray.uir
file can be loaded into CVI, and contains the information used to draw the program window and
menu bars. Seechapter 3 for further detail s of the software and its operation.

/*

***  Program to control and read the Hamamatsu C5809 CCDarray, via a National Instruments
*** | abPC+ card and the buffer, interface, and power supply box labelled “CCD Power Supply”.
*/

#include  <userint.h>
#include  <ansi_c.h>
#include  <dataacq.h>
#include  <analysis.h>
#include  <formatio.h>
#include  <utility.h>
#include  "ccdarray.h"

#define NO_OF_COUNTS12
#define NO_OF_POINTS512
#define OFF 0

#define ON1

#define NOO

#define YES 1

/*

**  Several lines of code to pause the program, to study the state of certain variables,
** can be included here.

*

/

#define DEBUGGINGNO

/* Macros to convert the CCDcolumn number (an integer ) to wavelength in nm*
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/* or frequency shift in 1/cm (float). This formula is from the wavelength */
/* calibration of 22.1.96. Used in file_data and plot_output. */
#define DIODE_WAVELENGTIE74.4

#define MEAS_WAVELENGTH(q)((q) * -0.2896) + 860.66)

#define FREQ_SHIFT(q) (1.0e7 * (1 / DIODE_WAVELENGTH 1 / MEAS_WAVELENGTH(q)))
/* Defined constants  corresponing to the read mode control. */

#define  NORMALO

#define BACKGROUND_SUBTRACT

#define REFERENCE_CELL_SUBTRACX

/* Defined constants  corresponding to the system correction control  */
#define  NONEO

#define NO_FILTER 1

#define  SRG695 2

#define  SRG715 3

/* Defined constants corresponding to the x-axis control *

#define COLUMN_NQ@

#define WAVELENGTH

#define FREQUENCY_SHIFT2

/* Defined constants corresponding to the y axis control *

#define  LINEAR O

#define LOG 1

/* Number of spectra stored (ccdarray.c verion of the program only) */
#define STORED_SPECTRA5

#define TEMP_STORED_SPECTRZ?

unsigned long points;

unsigned int integration_cycles, mode, filter, correction = OFF;

float  output_array[STORED_SPECTRA][NO_OF_POINTS], filter_data[NO_OF_POINTS],
background[NO_OF_POINTS], running_average[NO_OF_POINTS];

int ccd_panel, x_choose_panel, y_choose_panel, ccd_menu, month, day, year, x_axis_style,
y_axis_style;

short  clock_speed, finished=0, pulse_length, gain;

unsigned short count_check, array_plot, averages=0, shots=1, spectrum,

temp_read_array[TEMP_STORED_SPECTRA]INO_OF_POINTS];
double offset=1.0, y_max=4100.00, y_min=0.00;
char *date="Date: dd.mm.yyyy",  *int_time="Integration time:  0.054 sec";

int  graph(int panel, int control, int event, void *callbackData , int eventDatal, int eventData2)
switch  (event)

case EVENT_LEFT_CLICK:
SetCtrlAttribute (ccd_panel, CCD_PANEL_GRAPHATTR_YMAP_MODE,
VAL_LINEAR);
SetAxisRange (ccd_panel, CCD_PANEL_GRAPHYAL_NO_CHANGE.0, 1.0,
VAL_MANUAL, y_min, y_max);
break;

case EVENT_RIGHT_CLICK:
SetAxisRange (ccd_panel, CCD_PANEL_GRAPHYAL_NO_CHANGE,.0, 1.0,
VAL_MANUAL, y_min, y_max);

SetCtrlAttribute (ccd_panel, ~ CCD_PANEL_GRAPHATTR_YMAP_MODE,
VAL_LOG);
break;
}
return  0;
void  quit(int menubar, int menultem, void *callbackData, int panel)
QuitUserInterface(0);
}
void  print_screen(int menubar, int menultem, void *callbackData, int panel)
{
SetPrintAttribute (ATTR_ORIENTATION, VAL_LANDSCAPE); /* sets printer to landscape */
/*
**  The print panel dialogue box recommends the following lines to ensure the
***  printout fits on the page (which it doesnt if the lines are omitted).
*
/
SetPrintAttribute (ATTR_PAPER_WIDTH, VAL _INTEGRAL_SCALE);
SetPrintAttribute (ATTR_PAPER_HEIGHT, VAL_USE_PRINTER_DEFAULT);
PrintPanel (ccd_panel, "™, 1, VAL_FULL_PANEL, 0);
}

int  checkstop(void)

int clicked, panel;

GetUserEvent (0, &panel, &clicked); /* Read User Event Queue. */

#if DEBUGGING

/*

** This if statement is for debugging only. Allows the watch window to be
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** read after the program locks.
*
if (points==(NO_OF_COUNTS - 1))

Delay (0.5);
#endif
if(clicked==CCD_PANEL_STOP  && panel==ccd_panel)
return  0; /* Return 0 if stop has been clicked. */

return  1; /* Return 1 otherwise. */

void disable_controls(void) /* Disables all controls except STOP. */
L
***  Disable the individual panel controls

*/

SetlnputMode  (ccd_panel, CCD_PANEL_CLOCK_SPEED);
SetlnputMode  (ccd_panel, CCD_PANEL_PULSE_LENGTHQ);
SetlnputMode  (ccd_panel, CCD_PANEL_INTEGRATION_CYCLESD);
SetlnputMode  (ccd_panel, CCD_PANEL_GAIN, 0);

SetlnputMode  (ccd_panel, CCD_PANEL_MODED);

SetlnputMode  (ccd_panel, CCD_PANEL_NO_AVERAGE®);
SetlnputMode  (ccd_panel, CCD_PANEL_CORRECTION));
SetlnputMode  (ccd_panel, CCD_PANEL_OFFSET,0);
SetlnputMode  (ccd_panel, CCD_PANEL_PROBE);

SetlnputMode  (ccd_panel, CCD_PANEL_COMMENTS);
SetlnputMode  (ccd_panel, CCD_PANEL_FILE_NAME, 0);
SetlnputMode  (ccd_panel, CCD_PANEL_SYSTEM_CORRECTIOR);
SetlnputMode  (ccd_panel, CCD_PANEL_SHOTS));

SetlnputMode  (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUMN);
SetlnputMode  (ccd_panel, CCD_PANEL_STOP,1);

/*

***  Disable the menu bar. The -1 indicates everything on ccd_menu, the 0
*** indicates that input is disabled.

*

SetlnputMode  (ccd_menu, -1, 0);

}

void read_controls(void) /* Reads clock_speed, etc, from the front panel. *

{

GetCtrlVal (ccd_panel, CCD_PANEL_CLOCK_SPEED&clock_speed);

GetCtrlVal (ccd_panel, CCD_PANEL_PULSE_LENGTH&pulse_length);

GetCtrlVal (ccd_panel, CCD_PANEL_INTEGRATION_CYCLES&integration_cycles);
GetCtrlVal (ccd_panel, CCD_PANEL_GAIN, &gain);

GetCtrlVal (ccd_panel, CCD_PANEL_MODEg&mode);

GetCtrlVal (ccd_panel, CCD_PANEL_CORRECTION&correction);

GetCtrlVal (ccd_panel, CCD_PANEL_OFFSET &offset);

GetCtrlVal (ccd_panel, CCD_PANEL_SHOTS &shots);

}

void enable_controls(void) /* Enables all controls except STOP. */

{

SetlnputMode  (ccd_panel, CCD_PANEL_CLOCK_SPEED]);
SetlnputMode  (ccd_panel, CCD_PANEL_PULSE_LENGTH]});
SetlnputMode  (ccd_panel, CCD_PANEL_INTEGRATION_CYCLESY);
SetlnputMode  (ccd_panel, CCD_PANEL_GAIN, 1);

SetlnputMode  (ccd_panel, CCD_PANEL_MODEY});

SetlnputMode  (ccd_panel, CCD_PANEL_NO_AVERAGES);
SetlnputMode  (ccd_panel, CCD_PANEL_CORRECTION1);
SetlnputMode  (ccd_panel, CCD_PANEL_OFFSET,1);
SetlnputMode  (ccd_panel, CCD_PANEL_PROBEJ]);

SetlnputMode  (ccd_panel, CCD_PANEL_COMMENTS);
SetlnputMode  (ccd_panel, CCD_PANEL_FILE_NAME, 1);
SetlnputMode  (ccd_panel, CCD_PANEL_SYSTEM_CORRECTION);
SetlnputMode  (ccd_panel, CCD_PANEL_SHOTS1);

SetlnputMode  (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUM);
SetlnputMode  (ccd_panel, CCD_PANEL_STOP,0);

SetlnputMode  (ccd_menu, -1, 1);/* The -1 implies all the menu, the 1 implies enabled. */

}

int  mode_av_txt (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
/*
**  This function ensures that the text on the averages label is consistant with  the
***  read mode.
*/
{ .
unsigned short temp_mode;
switch  (event) {
case EVENT_VAL_CHANGED:
GetCtrlVal (ccd_panel, CCD_PANEL_MODEg&temp_mode);
iftemp_mode==REFERENCE_CELL_SUBTRACT)
SetCtrlAttribute (ccd_panel, CCD_PANEL _NO_AVERAGESTR LABEL TEXT
"No ofAverages [/ 14%);
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else
SetCtrlAttribute (ccd_panel, CCD_PANEL _NO_AVERAGESTR_LABEL TEXT
"Averages | 24");
break;
return  0;
}
void store_background(int menubar, int menultem, void *callbackData, int panel)

register unsigned short p;
for(p=0;p<NO_OF_POINTS;p++)

background[p] = output_array[shots - 1lpl;
}

void display_integration_time()

sprintf(int_time, "Integration time: %.4g sec", 5e-7*clock_speed*pulse_length*
integration_cycles);
SetCtrlval  (ccd_panel,  CCD_PANEL_INTEGRATION_TIME_DISP, int_time);

void set_axes()

SetAxisRange (ccd_panel, CCD_PANEL_GRAPHYAL_NO_CHANGE,.0, 1.0,
VAL_MANUAL, y_min, y_max);
SetCtrlAttribute (ccd_panel, CCD_PANEL_GRAPHATTR_YMAP_MODE,
y_axis_style);
switch(x_axis_style)

case(COLUMN_NO):
SetAxisRange (ccd_panel, CCD_PANEL_GRAPHYAL_MANUAL, 0.0,
NO_OF POINTS, VAL_NO_CHANGEJQ, 1);
SetCtrlAttribute (ccd_panel, CCD_PANEL_GRAPHATTR_XNAME,
"CCD Column Number");
break;

case(WAVELENGTH):
SetAxisRange (ccd_panel, CCD_PANEL_GRAPHYAL_AUTOSCALE, 710.0, 860.0,
VAL_NO_CHANGED, 1);
SetCtrlAttribute (ccd_panel, CCD_PANEL_GRAPHATTR_XNAME,
"Wavelength / nm");
break;

case(FREQUENCY_SHIFT):
SetAxisRange (ccd_panel, CCD_PANEL_GRAPHYAL_AUTOSCALE, 700.0,
3500.0, VAL _NO_CHANGEJQ, 1);
SetCtrlAttribute (ccd_panel, CCD_PANEL_GRAPHATTR_XNAME,
"Frequency  Shift . cm");
break;

}
void system_correction (void)

{

FILE *file_handle;

file_handle = fopen (“c:\\cvi\\ccd\\ccdaryfc.fdt", "r);
if  (file_handle == NULL)

{
MessagePopup ("Read File Error",

"The filter data file  ccdaryfc.fdt is missing.");
SetCtrlval (ccd_panel, CCD_PANEL_SYSTEM_CORRECTIONONE);

else

{

int  q=0;

GetCtrlVal (ccd_panel, CCD_PANEL_SYSTEM_CORRECTIOHKfilter);
while(qg<NO_OF_POINTS)

float  temp_filter_data[4];
if  (fscanf(file_handle, "%M\t%f\t%f\t%An",
&temp_filter_data[NONE],&temp_filter_data[NO_FILTER],
&temp_filter_data[SRG695],&temp_filter_data[SRG715]) 1= 4)
{
MessagePopup ("Read File Error",
"The filter data file  ccdfcors.fdt is corrupt:\n\
Data is in the wrong format.");
SetCtrlVval (ccd_panel, CCD_PANEL_SYSTEM_CORRECTIONONE);
break;

b
filter_data[q]=temp_filter_data[filter];

q++;

}
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if(feof(file_handle))
MessagePopup ("Read File Error",
"The filter data file  ccdfcors.fdt is corrupt:\n\
Not enough data in file.");
fclose(file_handle);

}
}

void plot_output(unsigned short int i)

{
float temp_array[NO_OF_POINTS], temp_x_array[NO_OF_POINTS];
unsigned short int q;

DeleteGraphPlot (ccd_panel, CCD_PANEL_GRAPHarray_plot, 0);
/*

***The ith array in output_array data is scaled before it is plotted

*
for (g=0; q<NO_OF_POINTS; g++)

temp_array[q] = output_arrayl[i][q] * filter_data[q];
/*
***Plot  the data, give the plot the handle ‘array_plot'
*

switch(x_axis_style)

case(COLUMN_NO):
array_plot = PlotY (ccd_panel, CCD_PANEL_GRAPHtemp_array,
NO_OF _POINTS, VAL_FLOAT, VAL_THIN_LINE,
VAL_EMPTY_SQUAREVAL SOLID, 1, VAL _YELLOW);
break;

case(WAVELENGTH):
for(g=0; g<NO_OF_POINTS; g++)
temp_x_array[q]=MEAS_WAVELENGTH(g+1);

array_plot = PlotXY (ccd_panel, CCD_PANEL_GRAPHtemp_x_array,
temp_array, NO_OF_POINTS, VAL_FLOAT, VAL_FLOAT,
VAL_THIN_LINE, VAL _NO_POINT, VAL_SOLID, I,
VAL_YELLOW);

break;

case(FREQUENCY_SHIFT):
for(q=0; g<NO_OF_POINTS; g++)
temp_x_array[q]=FREQ_SHIFT(g+1);
array_plot = PlotXY (ccd_panel, CCD_PANEL_GRAPHtemp_x_array,
temp_array, NO_OF POINTS, VAL _FLOAT, VAL _FLOAT,
VAL_THIN_LINE, VAL_NO_POINT, VAL_SOLID, 1,
VAL_YELLOW);

break;

}
}
void choose_x_axis (int menuBar, int menultem, void *callbackData,

int panel)

/*
***The choose_x_axis  function displays a child panel with one control, a ring containing
***g list of options for the x axis. The control is linked to the call back function
*rkystyle, which reads the control value and closes the panel when a commit event recorded.
*

/

SetlnputMode  (ccd_menu, -1, 0);/* The -1 implies all the menu, the 0 implies disabled. */
x_choose_panel = LoadPanel (ccd_panel, "ccd.uir", CHOOSE_X);

SetCtrlVal (x_choose_panel, CHOOSE_X_XSTYLE x_axis_style);

DisplayPanel (x_choose_panel);

int xstyle (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{

switch  (event) {
case EVENT_COMMIT:
GetCtrlVal (x_choose_panel, CHOOSE_X_XSTYLE,&x_axis_style);
DiscardPanel (x_choose_panel);
SetlnputMode  (ccd_menu, -1, 1);
/* The -1 implies all the menu, the 1 implies enabled. */

set_axes();
plot_output(shots - 1);
break;
return  0;
}
void choose_y axis (int menuBar, int menultem, void *callbackData,
int panel)
{
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SetlnputMode  (ccd_menu, -1, 0);/* The -1 implies all the menu, the 0 implies disabled. */
y_choose_panel = LoadPanel (ccd_panel, "ccd.uir", CHOOSE_Y);

DisplayPanel (y_choose_panel);

SetCtrlVval (y_choose_panel, CHOOSE_Y_YSTYLEy_ axis_style);

SetCtrlval (y_choose_panel, CHOOSE_Y_MAXy_max);

SetCtrlval (y_choose_panel, CHOOSE_Y_MIN,y_min);

}
int ystyle (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
switch  (event) {
case EVENT_COMMIT:
GetCtrlVal (y_choose_panel, CHOOSE_Y_YSTYLE &y axis_style);
GetCtrlval (y_choose_panel, CHOOSE_Y_MAXg&y max);
GetCtrlval (y_choose_panel, CHOOSE_Y_MIN, &y_min);
/*
**Don't allow y min = 0 if the y style is log.
*
/
if((y_axis_style == 1) && (y_min == 0.00))
SetCtrlval (y_choose_panel, CHOOSE_Y_MIN, 1.00);
return  0;
}
int done (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
/*
**  This function closes the y-axis style chose box
*
{
ystyle  (panel,  control, event,
callbackData, eventDatal, eventData2);
switch  (event)
case EVENT_COMMIT:
switch  (y_axis_style) {
case O:
y_axis_style = VAL_LINEAR,;
break;
case 1:
y_axis_style = VAL_LOG;
break;
}
DiscardPanel (y_choose_panel);
SetlnputMode  (ccd_menu, -1, 1);
/* The -1 implies all the menu, the 1 implies enabled. */
set_axes();
plot_output(shots - 1);
break;
return  0;
}
int  sys_correction (int  panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
switch  (event)
case EVENT_VAL_CHANGED:
system_correction();
plot_output(shots - 1);
break;
return  0;
}
int scroll (int  panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
/*
***  Call-back  function to Displayed Spectrum control, scrolls
*** through aquired spectra on the graph display.
*
{

switch  (event)

unsigned short int viewed_spectrum;

case EVENT_VAL_CHANGED:
GetCtrlval (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUMyviewed_spectrum);
plot_output(viewed_spectrum);
break;

case EVENT_LEFT_DOUBLE_CLICK:
disable_controls();
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for(viewed_spectrum=0;viewed_spectrum<shots;viewed_spectrum++)

{

SetCtrlVal (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUM
viewed_spectrum);

plot_output(viewed_spectrum);

Delay(0.5);
if(lcheckstop())
enable_controls();
break;
}
enable_controls();
break;
return  0;
}
void file_data(int menubar, int menultem, void *callbackData, int panel)
{
register short g=0,p=0;
FILE *file_handle;
char comments[256], probe[256], file_name[13], full_file_name[MAX_PATHNAME_LEN + 1J;
/*
***Read file_name, probe type and comments from the front panel.
*
GetCtrlval (ccd_panel, CCD_PANEL_FILE_NAME, file_name);
GetCtrlVal (ccd_panel, CCD_PANEL_PROBE probe);
GetCtrlVal (ccd_panel, CCD_PANEL_COMMENTS$pmments);
/*
***|f  the FileSelectPopup() function returns a +ve value (new or existing file  selected)
***then open the file and write the data to it, else return.
*
switch(
FileSelectPopup ("\\cvi\\ccd\\data", file_name, "* dat",
"Name of File to Save", VAL _OK BUTTON,0, 0, 1, 1,
full_file_name))
{
/*
***  Check that it is ok to overwrite the file, if it already exists.
*
case VAL_EXISTING_FILE_SELECTED:
if(ConfirmPopup ("Warning!", "Overwrite existing file?")==NO)
break;
/*
*** |f it is ok to overwrite, the program drops through to the next block.
*
case VAL_NEW _FILE_SELECTED:
file_handle = fopen (full_file_name, "w");
/*
**x\Write the comments and information at the top of the file. If the
**read mode is anything other than BACKGROUND_SUBTRAC#&yerages is muliplied
**hy 24 (see average_ 24() function).
fprintf(file_handle,"Hamamatsu C5809 CCD Data. %s\n\
Read mode:%5d\nLabPC+ ADC gain:%5d\nintegration Time: %e seconds\nNo.  of averages\
:%5d\nSystem  correction:%5d\nProbe/input arrangement: %s\nComments:  %s\n\
%18s%18s%18s\n",date, mode,gain,((1.0/2e6)*clock_speed * pulse_length * integration_cycles),
(mode==REFERENCE_CELL_SUBTRACT)?averages:(averages*24), filter, probe, comments,
"Wavelength/nm", "Wavenumber shift", "Normalised  data");
/*
**x\Write the data to the file. NB The column number is converted to wavelength
**and the data is corrected for the system response.
*
for(q=0;g<NO_OF_POINTS;qg++)
fprintf(file_handle,"%18{%18f", MEAS_WAVELENGTH(q)
FREQ_SHIFT(q));
for(p=0;p<shots;p++)
fprintf(file_handle,"%18f",output_array[p][q] *filter_data[q]);
fprintf(file_handle,"\n");
fclose(file_handle);
/*
***\Write the file_name (the part of the full_file_name after the final ") to the
***Ejle Name string  control ~ on the front panel. The strrchr() function returns  a pointer
**to  the final '\, and the pointer is incremented by one.
*

SetCtrlVal (ccd_panel, CCD_PANEL_FILE_NAMEstrrchr  (full_file_ name, ‘\\' ) + 1);
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break;
}
}
int  monitor_ADC()
while(!finished && checkstop()) /¥ Waits in loop wuntii DAQ_Check() sets */
DAQ_Check (1, &finished, &points); /* finished = 1 or checkstop() returns 0. */
/*
**x Qccaisionally, during long sequences of scans, the program gets stuck in the loop
*** above. The variable ‘finished' sticks at 0 (ie not finished) and the variable
**x - 'points’ sticks at NO_OF_POINTS- 1.
*/
if('finished)
DAQ_Clear (1); /* Cancels DAQ operation if not already finished. */
return  0;
}
else
{
finished=0;
return  1; /* Returns the number of completed scans (ie, 1). *
}
}
int read_once(unsigned short temp_read_once_array[])
/*
*** Returns 0 for no reading. Returns 1, and plots raw data if one reading is successful.
*/
register short  i;
/*
*** nb: temp_read_once_array in the DAQ_Start function is offset by one (the first
** conversion pulse is ignored by the Lab_PC+ card), NO_OF _CQUTS decreased by 1 to compensate.
*/
DAQ_Start (1, 4, gain, temp_read_once_array + 1, NO_OF_COUNTS 1, 0, 0);
while(!finished && checkstop()) /* Waits in loop untii DAQ_Check() sets */
DAQ_Check (1, &finished, &points); /* finished = 1 or checkstop() returns 0. */
/*
**x Qccaisionally, during long sequences of scans, the program gets stuck in the loop
***  above. The variable ‘finished' sticks at 0 (ie not finished) and the variable
**x - 'points' sticks at NO_OF_POINTS- 1. (NB, this was when the loop was part of
*** the monitor_ ADC()  funcion, might be different now.)
*
if('finished)
{
DAQ_Clear (1); /* Cancels DAQ operation if not already finished. */
return  0;
else
{
finished=0;
for(i=1;i<NO_OF_POINTS;i++)
output_array[spectrum][i] = temp_read_once_arrayfi];
return  1; /* Returns the number of completed scans (ie, 1). *
}
}
int average_24(unsigned short average_24 array[][NO_OF_POINTS])
/*
***  This function averages 24 consecutive readings. (Averages a multiple of 4
*** pecause clock noise has a 1, 2, 3, 4 componant) The first spectrum is ignored
***  as the first point is not recorded by the LabPC+ card.
*/
{
unsigned short p;
unsigned short q;
DAQ_Start (1, 4, gain, *(average_ 24 array) + 1, (25 * NO_OF_COUNTS) 1, 0, 0);
if('monitor_ADC())
return  0;
for(p=0;p<NO_OF_POINTS;p++)
{
output_array[spectrum][p] = 0.0;
for(p=0;p<NO_OF_POINTS;p++)
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{
for(g=1,9<25;g9++)

output_array[spectrum][p] += average_24_array[q][p] | 24.0;
}
}
return 1,
}
int referenced_read(unsigned short ref_read_array[][NO_OF_POINTS])
/*
** Returns 1 and plots data if one referenced reading is successful, returns 0 otherwise.

** A referenced reading is the reading from the reference cell (orange port of DiCon
***  optical fibore  switch)  subtracted from the sample cell reading (green port). The

**x  referenced reading is stored in output_array, the same array as specified for the
** raw data in the DAQ_Start function.

*

{

unsigned short p, q;

***  Take CO low for 10mS: both JK-clear gates, and timer B2 gate are taken low,

**  This forces both JKs into the low state, and restarts timer B2 so that the

** DiCon fibre switch always starts with the same port on.

**x 32 consecutive CCDframes are read; the switch changes port after the second reading.
***  Sub-arrays 0 and 2 (readings 1 and 3) are discarded as the switch position is ambiguous.

DIG_Out_Port (1, 2, 0);

Delay (0.01); /* Delay in seconds. *

DAQ_Start (1, 4, gain, *(ref_read_array) + 1, (32 * NO_OF_COUNTS) 1, 0, 0);
DIG_Out_Port (1, 2, 1)

if('monitor_ADC())

return  0;
/*
**  Clear the arrays ref_read_array[0][] and r_r_a[16][]. Average [1][] to [14][] and put
***in [O][], and average [17] to [30]] and put in [16][.
*/
for (g=0;9q<512;q++)
ref_read_array[0][q]=0;
ref_read_array[16][q]=0;
}
for (p=1;p<15;p++)
for (g=0;q<512;g++)
{
ref_read_array[O][q] += ref_read_array[p][q];
ref_read_array[16][q] += ref_read_array[p+16][q];
}
}
/*
** |f reference cell correction is ON (selected from the front panel)

** then the reference cell reading is scaled by the factor ‘offset'
*** (also selected from the front panel).

*
switch(correction)
case ON:
for(q=0;q<NO_OF_POINTS;qg++)
output_array[spectrum][q] = ref_read_array[0][q]/14.0 -
offset  * ref_read_array[16][q]/14.0;
break;
case OFF:
for(q=0;q<NO_OF_POINTS;g++)
output_array[spectrum][q] = ref_read_array[0][q]/14.0 -
ref_read_array[16][q]/14.0;
break;
return 1;
}
void read(int menubar, int menultem, void *callbackData, int panel)
averages=0;
finished=0;

disable_controls();
read_controls();
display_integration_time();
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ICTR_Setup (1, 0, 3, clock_speed, 1); /* Sets LabPC timers from CLOCK_SPEED,etc */
ICTR_Setup (1, 1, 3, pulse_length, 1);

ICTR_Setup (1, 2, 2, integration_cycles, 1);
/*
**  This block takes a reading, which is then discarded due to ambiguous
***  jntegration time. (Point  [0][0] is not used, as the LabPC+ does not measure
***  the first point. (See DAQ_CONFIGiIn the NI_DAQ reference  manual.)
*
DAQ_Start (1, 4, gain, &temp_read_array[0][1], NO_OF_COUNTSp, 0);
if('monitor_ADC())
enable_controls();
switch(mode)
register unsigned short p=0;
case REFERENCE_CELL_SUBTRACT:
switch(menultem)
{
case CCD_MENU_READ_SEQUENTIAL:
for (spectrum=0;spectrum<shots;spectrum++) /*  bigarrayoutput for loop */
referenced_read(temp_read_array);
/* ** Plots ouptut at the end of this function xxx K]
break;
case CCD_MENU_READ_MANUAL:
for (spectrum=0;spectrum<shots;spectrum++) /* bigarrayoutput for loop */
{
SetCtrlval (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUMpectrum);
while(referenced_read(temp_read_array))/* referenced_read returns 1,
indicating scan completed. */
[ ** Sits in this loop wuntii stop is pressed. *** ¥/
plot_output(spectrum);
}
DAQ_Clear(1);
break;
case CCD_MENU_READ_AUTO:
for (spectrum=0;spectrum<shots;spectrum++) /*  bigarrayoutput for loop */
register unsigned short n;
GetCtrlVal (ccd_panel, CCD_PANEL_NO_AVERAGESaverages);
for(n=1; referenced_read(temp_read_array) && (n <= averages); n++)
{
for(p=0;p<NO_OF_POINTS;p++)
running_average[p] ((n 10)/n)*runn|ng average([p] +
(1.0/n)  * output_array[spectrum][p] ;
plot_output(spectrum);
SetCtrlVval (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUMpectrum);
}
for(p=0;p<NO_OF_POINTS;p++)
output_array[spectrum][p]=running_average[p];
}
break;
break;
default: /* For modes other than reference cell subtract. */
switch(menultem)
{
case CCD_MENU_READ_SEQUENTIAL:
/*
***  This DAQ_Start command will read 'shots' * NUMBER_OF_POINTS$latapoints from the CCD, ie
*%  'shots’ complete spectra. The very first data point is skipped, as the LabPC+ card will not
***  measure it. (See NI-DAQ ref manual description of the DAQ_Config function.)
*
DAQ_Start (1, 4, gain, *(temp_read_array)+1, shots*NO_OF_COUNTS - 1, 0, 0);
while(!finished && checkstop()) /* Waits in loop wuntii DAQ_Check() sets */
DAQ_Check (1, &finished, &points); /* finis hed = 1 or checkstop() returns
0. *
/*
***  QOccasionally, during long sequences of scans, the program gets stuck in the loop
***  above. The variable ‘finished' sticks at 0 (ie not finished) and the variable
**% - 'points' sticks at NO_OF_POINTS- 1. (NB, this was when the loop was part of
***  the monitor ADC()  funcion, might be different now.)
*

Thesis for PhD — Decenber 1997 148 email : stevenjmackenze@usa. net



Copyright 1998Seven J Mackenzie Remote Spedroscopic Monitoring of Liquids Via Sili ca Optical Fibres

if('finished)
DAQ_Clear (1); /* Cancels DAQ operation if not already finished
*/
}
else
{
finished=0;
}
if(mode==BACKGROUND_SUBTRACT)
{
for(p=1;p<shots*NO_OF_POINTS;p++)
{
/*
*** output_array is cast into a single dimensional array so that only one counter is needed.

*/
(*output_array)[p] = (* temp_read_array)[p] - background[(unsigned
short)fmod(p,NO_OF_POINTS)];

else
{
for(p=1;p<shots*NO_OF_POINTS;p++)
* {
***  output_array is cast into a single dimensional array so that only one counter is needed.
*
(*output_array)[p] = (*temp_read_array)[p];
}
break;
case CCD_MENU_READ_MANUAL:
for (spectrum=0;spectrum<shots;spectrum++) /* bigarrayoutput for loop */
SetCtrlval (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUMpectrum);
while(read_once(*temp_read_array))
/* ie, if read_1 returns 1, indicating scan completed. */
/* if monitor ADC() returns zero, loop terminates. */
if(mode==BACKGROUND_SUBTRACT)
{
for(p=0;p<NO_OF_POINTS;p++)
output_array[spectrum][p] -= background|p];
plot_output(spectrum);
¥* End of bigarrayoutput for loop */
break;
case CCD_MENU_READ_AUTO:
for (spectrum=0;spectrum<shots;spectrum++) /*  bigarrayoutput for loop */
register unsigned short n;
GetCtrlVal (ccd_panel, CCD_PANEL_NO_AVERAGESRaverages);
for(n=1; average_24(temp_read_array) && (n <= averages); n++)
{
if(mode==BACKGROUND_SUBTRACT)
{
for(p=0;p<NO_OF_POINTS;p++)
output_array[spectrum][p] -= background|[p];
}
for(p=0;p<NO_OF_POINTS;p++)
running_average[p] = ((n-1.0)/n) * running_average[p] +
(1.0/n)  * output_array[spectrum][p] ;
}
for(p=0;p<NO_OF_POINTS;p++)
output_array[spectrum][p]=running_average[p];
plot_output(spectrum);
SetCtrlval (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUMpectrum);
¥* End of bigarrayoutput for loop */
break;
break;
enable_controls();
SetCtrlVval (ccd_panel, CCD_PANEL_NO_AVERAGESyverages);
SetCtrlval (ccd_panel, CCD_PANEL_DISPLAYED_SPECTRUMhots - 1);
plot_output(shots - L)
Beep ();
}
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main()

{

/*

*** Set up the display panel and menu. ***

*

/

ccd_panel = LoadPanel (0, ‘“ccdarray.uir", CCD_PANEL);

ccd_menu = LoadMenuBar (CCD_PANEL, “ccdarray.uir", CCD_MENU);
DisplayPanel(ccd_panel);

SetPanelAttribute (ccd_panel, ATTR_CLOSE_CTRL,CCD_MENU_FILE_QUIT);
/*

***  Read the default parameters, display  the integration time in seconds, and load the
*x o filter correction matrix.

*

read_controls();
display_integration_time();
system_correction();

/*

***Read the system date for inclusion in the data file, and display it on the front panel.
*/

GetSystemDate  (&month, &day, &year);

sprintf(date, "Date:  %d.%d.%d", day, month, year);

SetCtrlVval (ccd_panel, CCD_PANEL_DATE,date);
/*

***Plot  the (currently) empty array ‘output_array' so that first call to
***'DeleteGraphPlot()' (in  'plot_output()") does not return an error.

*/

array_plot = PlotY (ccd_panel, CCD_PANEL_GRAPHg&output_array[0][0],

NO_OF _POINTS, VAL_FLOAT, VAL_THIN_LINE,
VAL_EMPTY_SQUAREVAL_SOLID, 1, VAL_YELLOW);

/*
** |line 0 of Port C controls the gate of LabPC card counter B2,
*** and the clear line of the JK flip flop in the power supply box.
*

DIG_Prt_Config a, 2, 0, 1)

DIG_Out_Port (1, 2, 1)

/*

**\While CO is high, gate B2 is open.

*

/*

*** This part starts the counters ticking. Fkk

*

ICTR_Setup (1, O,
ICTR_Setup (1, 1,
ICTR_Setup (1, 2,

3, clock_speed, 1);
3, pulse_length, 1);
2,

integration_cycles, 1);
/*
***  They will carry on untii the computer is switched ***
*»* off or they are told to do something else. el
*
DAQ_Config (1, 1, 3);
/*
**  External start scan triggering on Pin 38 (positive edge).
*** External clock control of sample-interval AND scan interval

**  timing (ie mode 3) selected. Mode 1 should work (?) but then
** the counter Bl is required by the LabPC card for scan interval

*** - timing. In this project all three counters are required to
** generate the timing control  signals, and scan interval timing
*** is not required.

*/

/*

Al further actions are prompted by input from el
*** the front panel. ek

*/

RunUserlnterface();
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Appendix C: Data Sheets

CCD MULTICHANNEL
HA“A“M Su DETECTOR HEAD

TENTATIVE DATA
Mar. 1994 C5809 SERIES

A CCD multichannel detector head that assures high sensitivity and large
active area by utilizing the binning operation of an FFT-CCD image sensor

FEATURES
@Designed for use with a thermoslectrically-cooled FFT-CCD
image sensor "1
Binning operation assures use of a large active area™2
@Built-in driver/amplifier and temperature control circuits
@Highly stable temperature control ensures a constant ceoling
temperaturs of Ts=0+0.05C (at Ta=10 to 35C)
@Operates from simple signal inputs
@High sensitivity and wide dynamic range
@Vvarious models are available according to image sensor type

APPLICATIONS

@Fluorescence spectroscopy
@Raman spectroscopy
@Other low-light-level detection

The C5809 series is a family of high sensitivity multichannel detector heads specifically developed for spectrophotometry at very low
light levels where conventional image sensors cannct measure any signal. The C5B08 is designed to accommodate an FFT-CCD
image sensor that provides significantly low noise when compared with other image sensors, making it ideally suited for fluorescence
spectroscopy, Raman spectroscopy and other low-light-level detection.

The C5809 incorporates FFT-CCD image sensor, a low-noise driver/amplifier circuit and a temperature control circuit that enable
stable operation of a thermoelactrically-cooled FFT-CCD image sensor by input of simple external sigrals. The image sensor can be
cooled to the preset temperature {Ts=0C) as soon as the power is turned on. Should the cooler fail and cause the circuitry to overheat,
the built-in protection circuit automatically turns the power off. Despite its compact size, the case configuration is designed for good
heat dissipation, and threaded mounting holes are also provided on the front panel for connections to another device such as a
monochromator.

B SELECTION GUIDE

The C5809 series consists of the following models depending cn the CCD image sensor used.

o : CCD image Sensor e
rype Nev HNumber of Pixets PixelSize
ANt ; L e
C5809-0906 55469-0906 12.28X1.54
C5809-0907 $5469-0907 512 X128 sax24 12.28X3.07 <
C5809-1006 55469-1006 1024 X 64 24,57X1.54
C5809-1007 $5469-1007 1024 X128 24.57X3.07

*1: The FFT-CCD (full frame transier CCD) has charge transfer sections that are also used as light receiving areas, being different from interline transter
CCD (IT-CCD) commonly used in video cameras. Compared to the IT-CCD, the FFT-CCD offers advantages of low dark current, a 100% open area
ratio and low image lag.

*2: The FFT-CGD was originally designed as a 2-dimensional image sansor. However, it can be operated like a linear image sensor having a large
active area by transferring all the pixel signals in the vertical direction to the horizontal register (this is referred to as line binning).

Infoermation furnished by HAMAMATSU is believed to be reliable. However, no responsibility is assumed for possible inaccuracies or omissions
Spacifications are subject to change without notice. No patent rights are granted to any of the circuits described herein. 1994 Hamamatsu Photonics KK
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CCD MULTICHANNEL DETECTOR HEAD C5809 SERIES

B MAXIMUM RATINGS _

o “Parameters. | | Symbols | . Min.. Ty Max,
Supply Voltage {For Digita! Circuitry) +Vo —0.5 t7
_—_ £Va1 +18 v
Supply Voltage {For Analog Circuitry) Vi T30 v
Digital Input Voltage VD |
B ELECTRICAL SPECIFICATIONS (Ta=25C, VD=+5V, VA= 15V, Va2=-+24V, unless otherwise specified)
T Parameter _ Symbols | WER. Typ | “Max | Units
H-Level Voltage VIH +2.0 +vo v
L-Level Voltage VIL —0.5 +0.8 v
Master Clock (CLK) Pulse Frequency fcLk 200 kHz
Video Signal Readout Frequency fv fCLK/4 Hz
Master Start (Start) Pulse Width tst 1/fcLK S
Digital Output
H-Level Voltage {lo=—86mA) VIH +2.0 v
L-Level Voltage (lo=+6mA) VIL +0.8 \'J
Power Supply Conditions
Rated Voltage: Digital +Vp +4.75 +5.0 +5.25 v
Analog +Va1 +145 +15.0 +155 v
+Vvaz +23.5 +24.0 +245 v
Current Consumption: + 5Vdc "3 +20 A
+15Vde +100 mA
—15Vdc —100 mA
+24vde +10 mA
Operating Temperature Topr +10 +35 c
Storage Temperature Tstg 0 +50 C

*3: Including the current consumption of the Peltier element incorporated in the CCD image sensor (55463 series).
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B ELECTRICAL AND OPTICAL SPECIFICATIONS (Ta=25C, Tse o‘c Vo=F5Y, VA= 15V, Vaz=+24V, unless uthemmespemﬁed)

Parameters<d

Min. Unitg
Full Well Capacity *5 o B
Conversion Gam 8 X puVie-
Dark Signal 7 200 600 e-/pixel/s
Readout Noise 15 20 e-rms
Dynamic Range 30k
Photo Response Non-Unifarmity "8 PRNU - +10 %
Spectral Response Range A 400 to 1100 nm

*4; Commen to all models.
*5; Horizontal register value.
“6: Including the circuit gain.

*7: at MPP mode. Verticai register value. The actual value equals the sum of the pixels in the vertical direction because of the binning operation.
*8: Measured at 50% of the saturated output charge.

.OTHER SPEClFlCATIONS {For Temperature Controller) (Ta=25C, Vo="+5Y, V=15V, Vaz=+24V, unless otherwise spemfled)

Parameters's. Symbols Min. TP, Max. Ainis
Cooilng Temperature Ts -1 0 +1 T
Temperature Control Range ATs —0.05 +0.05 T
Power Consumption of Peltier Element Pp 7 w
Cool Down Time to Preset Temperaure to 5 min
Setting Temperature for Overheat Protection To +40 T
*9: Other functions inciude error display, automatic power off, and detection of electrical opens and shorts by the thermosensor.
Figure 1: Spectral Response Figure 2: Input/Qutput Characteristics
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i 03 I =1 % !
02 — S ¢
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CCD MULTICHANNEL DETECTOR HEAD C5809 SERIES

Figure 3: Block Diagram of 85489 Series FFD-CCD Image Sensor
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Figure 4: Block Diagram of C5809 Series

+5v
| % e D.GND
Fisv
Pt P= A.GND
THERMOELECTRIC THC TEMPERATURE ?% AV
COOLER i CONTROLLER ﬁ = tav
oD
RD REGULATOR DISPLAY LED
CCD IMAGE SENSOR  OG ‘
IG1H, IG2H THH ‘11
S$5489 SERIES .
1G1V, 162V - Ve
P1V, P2V — e Start
P1H, P2H — CLK
SG DRIVER |1 GENERATOR E08
RG Trigger
sS
sv.asn " BUFFER
05 ———%—4 L-{>—4 Data Video
1 PREAMP  CLAMP | LOW-PASS FILTER

*10: Thermistor Incorporated in the image sensor. Used for temperature monitoring of the image sensor.
*11: Thermistor mounted on the heatsink fins. Used for temperature monitoring of the heat radiating side.
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Figure 5: Timing Chart
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CCD MULTICHANNEL DETECTOR HEAD C5809 SERIES
l1/0 CONNECTOR PIN DESCRIPTION

Termina: Natme T sscAption. .
NC No cennection.

2 Data Video Analog video output signal. Positive polarity.

3 +Vat (+15V) Power supply for analog circuitry.

4 —Va1 (—15V) Power supply for analog circuitry.

5 +Vb (+5V, P+) Power supply for digital circuitry. For the thermoelectric ¢oolet in the CCD image sensor.
Digital input signal to initialize the circuit.

6 Start H-CMQS compatible. Positive logic.
The start pulse interval determines the signal storage time of the sensor.

7 CLK Digital input signal to specify the circuit operation. H-CMOS compatible.
Operates at the rising edge.

8 EOS Digital output signal to indicate the end of scan of the CCD image sensor.
H-CMOS compatible. Negative logic.

9 A.GND Analog ground.

10 A.GND Analog ground.

11 +Vaz (+24V) Power supply for analog circuitry.

12 D.GND (P—) Digital ground. Power supply return of the thermoelectric cooler mounted in the CCD image sensor.

13 D.GND Digital ground.

14 D.GND Digital ground.

15 Trigger Digital output sig r.|aI for A/.D_ conv§rsion.
H-CMOS compatible. Positive logic.

ﬂo10ﬁOiO4oiO?O|
o& ]o

O‘SOH Oﬂ 012 OH O\GOQ

15-pin D-sub Connector

Figure 6: Dimensional Outlines (Unit: mm)
1
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Figure 7: Connection Example

POWER SUPPLY OSC ILLOSCOPE

+5V, 15V, +24V Data Video

C5809 SERIES

Data Video

Start CLK

[ ]ooas
56 OO0

PULSE GENERATOR

COMPUTER, etc.

B Handling Precautions
The C5809 series is a precision device, so sufficient care should be taken in its handling.
@Never disassemble or modify the device as this may cause an operating failure.
@Protect the device from shocks such as drops or impacts as these may cause breakage.
@Avold storing the device in high temparature and high humidity locations for long periods of time.
@Air vents are provided on the case. Blocking these vents during operation may cause overheating, and therefore this must be
avoided.
@Take sufficient care when making connections to other equipment.
@Never exceed the maximum ratings during cperation.

Observe the foliowing precautions to obtain the fullest parformance of the device.
@Take sufficient care 1o protact the device against extemnal electrestatic or magnetic effects. Provide an appropriate shieid; for
example, use of a shield cable is recommended.
@Use of a power supply that exhibits minimum ripple and noise is recommended.
@For high-precision measurements, take action to ensure no axtraneous light enters the device.
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- |
HAMAMATSU | [F1-CCDImage Sensors

TENTATIVE DATA for Scientific Applications
Apr. 1994 $5469 Series

Wide Dynamic Range, for Low Light Level Detection

FEATURES

@512(H) X64(V) 1o 1024(H) X 128(V) Pixel Format
@Pixel Size 24 pmX24 um

@Line, Pixel Binning

®100% Fill Factor

®Wide Dynamic Range

@®Low Dark Signal

®Low Readout Noise

®MPP Operation

APPLICATIONS

@®Fluorescence Spectrometer
@®Raman Spectrophotometer
@ Optical and Spectrophotometric analyzer
®For Low Light Level Detection Requiring

The S5460 serigs is a family of FFT-CCD (appendix 1) image sensors specifically designed for low-light-leve! detection in scientific
applications. By utilizing the binning operation (appendix 2}, the 55469 can be used as a linear image senscr having a long aperture
in the direction of the device length. This makes the 55469 series ideally suited for use in spectrophotometry. The binning oparation
offers significant improvement in signal-to-noise raiio and signal processing speed compared to conventional methods. by which
signals are digitally added by an external circuit. The S5469 series also features low noise and low dark signal (MPP mode operation;
appendix 3). This enables low-light-leve! detection and long integration time, thus achieving a wide dynamic rangs.

The S5469 series has an effective pixel size of 24 £ MX24 pm and is available in image areas ranging from 12.28(H)X1 54(Vymm?
(512X 64 pixels) up to a large image area of 24.57(H) X3.07(V)mm? (1024 X128 pixels).

A one-stage Peltier element is built into the same package for thermoelectric cooling. At room temperature operation the device canbe
cooled down fo 0C without using any other cooling technigue. In addition, since both the CCD ¢hip and Peftier element are hermeti-
cally sealed, no dry air is required thus allowing easy handling.

MS5469 Series Selection Guide

L Effective Piyels - image Are
| pbelstxp miH) X mm(y)
S5463-0906 512 X 64 12.28X1.54
S5469-0807 512 X 128 12.28X3.07
85469-1006 1024 X 64 24.57X1.54
S$5463-1007 1024 X 128 24,57X3.07

Information furnished by HAMAMATSU is believed to be reliable. However, no responsibility is assumed for possible inaccuracies or omissions.
Specifications are subject {o change without notice. No patent rights are granted to any of the circuits described harein. ©1984 Hamamatsu Photonics K.K.
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FFT-CCD Image Sensors for Scientific Applications S5469 Series

BS5469 Series
Pixel size 124 pm{H)X24 . m(V)

(aspect ratio 1:1)
Effective Pixels : Selection Guide
Vertical Clock Phase : 2 phase
Horizontal Clock Phase : 2 phase
Output . 1 Stage MOSFET source follower
Package : 24 pin ceramic DIP with internal cooler

DIMENSIONAL OUTLINES
Window : Sapphire

The S5469 Series dose not have gate protection circuit.
It requires extreme care during handling to avoid static damage.
TE MAXIMUM RATINGS (Ta=25C)

MABSOLU

i Faramets G

Storage Temperature Tsig —50 50 C
Operating Temperature Topr —50 30 T
0D Voltage VOD —0.5 +25 v
RD Voltage VRD —0.5 +18 )
ISV Voltage VISV —0.5 +15 Vv
ISH Voltage VISH —0.5 +15 \
IGV Voltage VIG1V, VIG2V -10 +15 v
IGH Valtage VIG1H, VIG2H —10 +15 v
SG Voltage VSG —10 +15 v
0OG Voltage VOG -10 +15 V
RG Voltage VRG —10 +15 v
All Vertical Glock —10 +15 v
All Horizontal Clock —10 415 v

All voltage are respect to terminal SS.
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MDC AND CLOCK CHARACTERISTICS (Ta=25C)

i i ?;P‘
QOutput Transistor Drain Voltage 20
Reset Drain Voltage VED
MPP mode 1.5 12 125 \
Output Gate Voltage vOG
MPP mode 1 3 5 3%
Substrate Voltage V3§ 0 v
Taest Paint (Input Source) VISV, VISH| VRO v
Test Point {(Vertical Input Gate) VGIVVGM
MPP mode —8 0 v
Test Paint {Horizomal Input Gate) VIGIHVGH
MPP mode -8 0 v
CCD Ventical Shift Register Clock Voltage
MPP mode HIGH | VvP¥%VH 4 & 8 v
LOW VP¥VL —9 —8 —7
CCD Horizontal Shift Reéister Clock Voltage
MPP mode HIGH | VP%VH 4 6 8 v
LOW | VP&VL —9 —8 -7
Summing Gate Voltage
MPP mode HIGH VSGH 4 6 8 v
LOW VSGL —9 —8 -7
Reset Gate Voltage
MPP made HIGH VRGH 4 6 8 v
LOW | VRGL -8 —8 =7

# indicate 1 or 2

BCHIP THERMISTOR

V)

10kQ

B-constant {at 257C)

3450k

Operating Temperature

—40 ~ +100T

REGISTANCE vs. TEMPERATURE CHARACTERISTIC

T Temperaiure (G) . | Hegstance (KQ)

—20 78.4
~10 48.7

0 28.1

10 18.2

20 12.2

25 10.0

30 8.3

40 57
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FFT-CCD Image Sensors for Scientific Applications 55469 Series

1.250

3.6A

6.2V

7.5W

M Heat Absorption - DT

Paitier element type 1 is built into the binning type CCD "S5469-1006", "S5469-1007" for thermoelactric cooling.

MEPELTIER ELEMENT TYPE 1. (T-O6E 144P-RNO)
intarnat Resistant (at 25"05*
Max. Gurrent (Tc-Th 20°C)
Max. Voltage (T¢-Th 80°C)
Max. Heat Absorption (Tc-Th 20°C)
PERFORMANCE DIAGRAM OF PELTIER ELEMENT TYPE 1.
(Tc=0C)
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WPELTIER ELEMENT TYPE 2. (T-06E 108P~RNQ)
Peltier slement type 2 is built into the binning type CCD "S$5469-0906", "$5469-0907" for thermoelectric cooling.
Internal Resistant (at 25C) 09830
Max. Current (Tc-Th 207C) 3.6A
Max. Voltage (Tc-Th 80C) 4.7V
Max. Heat Absorption (Tc-Th 20°C) 5.7W
PERFORMANCE DIAGRAM OF PELTIER ELEMENT TYPE 2.
(Te=0'C)
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FFT-CCD Image Sensors for Scientific Applications S5469 Series

BElectrical Characteristics (Ta=25°C)

ignal Output Frequency 1
Reset Clock Frequency 1
CCD Vertical Shift Register Capacitance*1
$5469-1006 2000
55469-1007 CP1v, CP2v 3200 pF
55469-0906 1000
55469-0907 1600
CCD Horizontal Shift Register Capacitance
$6469-1006, 1007 CP1H, CP2H 300 pF
85469-0906, 0907 150
Summing Gate Capacitance CSG 7 pF
Reset Gate Capacitance CRG 7 pF
Charge Transter Efficiency™1 CTE 0.99995
DC Output Level"3 Vout 12 15 18 v
Output Impedance*3 Zo 3K Q
Power Consumption*2, 3 P 15 mw

*1 : Measured at half of full well capacity. CTE is defined per pixei.
*2 : Power consumption at on chip amplifier,

*3 : This value depends on load resistance.

IEIectric-Qgté-@;g! Characteristjcs (—40°C if not Remark)

- Faran ‘ i Symbol L M | Ty o
Saturation Output Voltage Vsat FwX8v
Full Well Capagity*1
Vertical Fw 300K -
Horizantal 600K
Summing 800K
CCD Node Sensitivity Sv 0.8 1.2 uVie-
Dark Signal*2 DS 200 600 e-fpixel’s
MPP mode
Readout Noise*3 Nr 15 20 8-rms
Dynamic Range DR 15K
Photo Response Non-Uniformity*4 PRNU - +10 %
Spectral Response Range A 400~1100 nm

*1 : Horizontal register saturation at Vertical Binning.

*2 : T=0C. Dark Signal doubles for every 5 to 7C

*3 : Operating frequency is 150kHz.

'4 : Measured at half of full well capacity. CTE is defined per pixel.

FULL WELL CAPACITY (Vertical)
READOUT NOISE

DR (Dynamic Range} DR=

. Noise
PRNU {Photo Response Non-Uniformity} PRNU(%)= TgnhaT X100

[Noise : Fixed Pattern Noise (peak to peak)]
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MSpectral Response (T=25C) MDark Signal vs Temperature
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BPinout
P :
1 RG Reset Gate
2 RD Reset Drain
3 0s Output Source
4 D Qutput Transistor Drain
Output Gat
5 oG upu' ate i O o) ap
6 ¢} Summing Gate
7 Thi Thermistor 2 [ [ 2¢
8 Th2 Thermistor 3 O ] 22
] P2H CCD Horizontal Register Clock-2 4 O M 21
10 PiH CCD Horizontal Register Clock-1 5 [ ) 20
1" IG2H Test Point (Horizontal Input Gate-2) 6 O 1 19
12 IG1H Test Point (Horizontal Input Gate-1) ;O H 18
13 {SH Test Point (Horizontal Input Source) RD
14 P2v CCD Vertical Register Clock-2 8 E} (] 17
15 PV CCD Vertical Register Clock-1 o O 1 16
16 NC 10 O (] 15
17 NC 1] 1 14
18 P- Pettier- 12 O 1 13
19 P+ Peltier+
20 sS Substrate (GND)
21 NC
22 ISV Test Point (Vertical Input Source) RD
23 G2V Test Point (Vertical Input Gate-2)
24 IG1V Test Point (Vertical Input Gate-1)
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FFT-CCD Image Sensors for Scientific Applications S5469 Series

MTiming Chart (Line Binning)
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M Device Structure, Line Outbut Format

IG1V IG2V ISV SS P1V P2V
(20>

IIIIIII H=512, 1024
RG (1 B TR L
ROC2o— | | [ | F L] L | 1 |- ” 13)1SH |
o83 <o ‘ 12) IGTH
4 5 8 8 >0 (K
oD OG 3G - . P2ZH PIH ﬁ‘zﬁ
Optical ! Optical
4BLANKi Black l + LM- + Bhoc | 4BLANK
[ | *: Isolation Efement
HDimensional Outlines (Unit : mm)
S5469-0906, 0907 $5469-1006, 1007
L0504 4
o A @ O,
e ] g 1 g
e 8 e | e o it e ki = [ —5- 3
41 g } B
50 ST T 5.0
320403
0.0 .
|
I
|H| l P000 Mo D000 b
2704 § it 2264 '§
tmage Area {mimy
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FFT-CCD Image Sensors for Scientific Applications 55469 Series

appendix 1: Line Binning

FFT-CCD —EE ] .
(Full-Frame-Transter Charge-Coupled-Device) e ] — — =] —

In FFT-CCD operation, signal charged generated inside silicon by in-

put of light or X-ray are directly stored in the vertical CCD transfer line I i1

and are read out sequentially.Compared to the interline CCD having W I SN O TR O NS I O gy BN ) S
soparate signal charge storage lines and charge transfer lines, the

FFT-CCD offers advantages of 100% open area ratio, no insensitive sulice il ininninn
regions and low readout noise. I [ N I N N O NS
appendix 2: anles el o ieeles le
Binning Operation S0 I8 I I O N N I Y B
Line Binning Operation < .

By tamporally transferring all the pixel signals in the vertical direction
to the horizontal register, the signal charg‘es are added and read out
sequentially. This enables the signal charge in the vertical direction 1o Pixe] Binning

be processed as one pixel, thereby allowing the same signal-charge 2 X7 Summing Operation
processing as for linear image sensors. This is referred to as the line
binning operation.

Pixel Binning Operation

In addition to two-dimensional readout, using the summing gate and
alsa controlling the vertical and horizontal transfer, this operation per-
mits the addition of several framas of signal charges in the vertical and
horizontal directions. This means that the apparent pixel size bacomes
larger and sensitivity improves accordingly. This operation is catled
pixel binning.

appendix 3:

MPP Mode

(Multi Pinned Phase)

As shown in the dark signal versus temperature characteristics, oper-
ating a CCD under specific drive conditions can reduce the dark signal
generated within the storage time. This results in a long signal charge
integration time.

reference:

J.Jenesick, T. Elliott, G. Fraschetti, S. Cotlins, "Charge-Coupled De-
vice Pinning Technologies”, SPIE Vol. 1071 Optical Sensors and
Electronic Photography (1989), 163-169
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National Instruments Corporation A-l Lab-PC+ User Manual
National Instruments Lab-PC+ Specifications
This appendix lists the specifications of the Lab-PC+. These specification S
are typical at 25°C unless otherwise stated. @ The operating temperature  range
is 0° to 70°C.
Analog Input
Number of input channels 8 single-ended, 4 differential
Analog resolution 12 bits, 1 in 4,096
Relative  accuracy (nonlinearity) +-1.5 LSB maximum
Nonlinearity + quantization error 0.5 LSB typical
(see explanation of specifications)
Differential nonlinearity +-| LSB maximum (no missing codes)
0.5 LSB typical
Analog input range 5 V or 0 to +10 V,
jumper-selectable
Common-mode ranges
+-5 V analog input range (bipolar)
5 v
0 to 10 V analog input range (unipolar)
0to 10 V
Common-mode rejection at 60 Hz 75 dB typical at gain =1
80 dB typical at gain = 100
Input signal  gain 1, 2, 5, 10, 20, 50, 100,
software-selectable
Measurement (gain)  accuracy
gain = 1 0.04% maximum 0.025% typical
Offset  error
(calibration performed at gain = 1)
trimmable to zero
Offset adjustment range, minimum
Unipolar  or bipolar  ranges +-47 LSB
Gain adjustment range, minimum
Unipolar  or bipolar  ranges 93 LSB
System noise 0.3 LSB rms for gain =1
0.6 LSB rms for gain = 100
Temperature  coefficients
Gain error +-50 ppm/°C
Offset  error 450 pv/°C + 10 pv/°C * gain
Input bias current 150 pA
Input  impedance 0.1 Gohmin parallel with 45 pF
“72 dB at 60 Hz for +5 V common-mode range; 75 dB at 60 Hz for -2.5 to +5

V common-mode range.
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Input  protection +-45 V on all inputs (not ground)
Explanation of Analog Input Specif cations

Relative  accuracy is a measure of the linearity of an ADC. However, relative
accur acy is a tighter specification than a nonlinearity specification
Relative  accuracy indicates the maximum deviation  from a straight line for the
analog input-to-digital output transfer curve. If an ADC has been calibrated
perfectly, then this straight line is the ideal transfer function, and the
relative accuracy speci fication indicates the worst deviation from the ideal
that the ADC permits.

A relative accuracy specification of +-ILSB is roughly equivalent to (but not
the same as) a +-1/2LSB nonlinearity or integral nonlinearity specificatio n
becaus e relative accuracy encompasses both  nonlinearity and variabl e
guantization uncertainty, a quantity often mistakenly = assumed to be exactl y
+-1/2 LSB. Although quantization uncertainty is ideally +-1/2LSB, it can be
different for each possible digital code and is actually the analog width of
each code. Thus, it is more specific to use relative accuracy as a measure of
linear ity than it is to use what is normally called nonlinearity, becaus e
relativn. e accuracy ensures that the sum of quantization uncertainty and A/D
conversion  error does not exceed a given amount.

Integral nonlinearity in an ADCis an often ill-defined specification that is
suppose d to indicate a converter's overall A/D transfer linearity. The
manufac turers  of the ADC chips used by National Instruments specify  thei r
integral nonlinearity by stating that the analog center of any code wil not
devia te from a straight line by more than +-1/2 LSB. This specification is
misleading because, although the center of a particularly wide code may be
found within  +-1/2LSB of the ideal, one of its edges may be well beyond +-1
LSB; thus, the ADC would have a relative accuracy of that amount. Nationa |
Instru ments tests its boards to ensure that they meet all three linearit vy

specif ications defined in  this appendix; specifications for integra |
nonlinearity are included primarily to  maintain compatibility with  a
convention of specifications used by other board manufacturers. Relativ e
accuracy, however, is much more useful.

Differential nonlinearity is a measure of deviation of code widths from t heir
theoretical value of ILSB. The width of a given code is the size of the range
of analog values that can be input to produce that code, ideally 1 LSB. A
specification of +-1LSB differential nonlinearity ensures that no code has a

width of O LSBs (that is, no missing codes) and that no code width exceeds 2
LSBs.

System noise is the amount of noise seen by the ADC when there is no signha |
presen t at the input of the board. The amount of noise that is reporte d
dir ectly  (without any analysis) by the ADCis not necessarily the amount of
real noise present in the system, unless the noise is >=0.5LSB rms. Noise tha't

is less than this magnitude produces varying amounts of flicker, and the
amount of fl icker seen is a function of how near the real mean of the nois e
is to a code transition. If the meanis near or at a transition between codes,

the ADC flickers evenly between the two codes, and the noise is seen as very
nearly 05 LSB. If the mean is near the center of a code and the noise is
relatively small, very little or no flicker is seen, and the noise is reporte d
by the ADCasnearly 0 LSB. From the relationship between the mean of the nois e
and the measured rms magnitude of the noise, the character of the noise can
be determined. National Instruments has determined that the character of the
noise in the Lab-PC+ is fairly Gaussian, and so the noise specifications give n
are the amounts of pure Gaussian noise required to produce our readings.

Analog Data Acquisition Rates

Maximum sample rate 83.3 kHz (gain = 1)
71.4 kHz (all other gains)
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Analog bandwidth (-3 dB) 400 kHz (gain = 1)
40 kHz (gain = 100)

Maximum multichannel scan rate
62.5 kHz (gain < 50) typical,
55.5 kHz worst case

(To settle  within  +1.0 LSB) 20 kHz (gain = 100)

Analog Output

Number of output channels Two single-ended

Analog resolution 12 bits, 1 part in 4,096

Relative  accuracy (nonlinearity)
0.50 LSB maximum
+-0.25 LSB typical

Differential nonlinearity 0.75 LSB maximum  (monotonic over
temperature)
0.25 LSB typical

Offset adjustment range, minimum

+-37 mV
Gain adjustment range, minimum
+-100 mV
Output voltage ranges 0 to +10 V, unipolar mode 5 V, bipola r
mode, software-selectable
Current drive capability +-2 mA
Output  settling time 6 psec for 10 V step to 0.012%
Output slew rate 10 Vl/usec
Temperature  coefficients
Gain error +10 ppm/°C
Voltage offset +60 pv/ °C
Output impedance 0.2 ohm typical

Explanation of Analog Output Specifications

Relativ e accuracy in a D/A system is the same as nonlinearity, because no
uncertainty is added due to code width. Unlike an ADC, every digital code in
a D/A system represents a specific analog value rather than a range of values .
The relative accuracy of the system is therefore limited to the worst-cas e
deviation from the ideal correspondence (a straight line), excepting  noise .
If a DIA system has been calibrated perfectly, then the relative accurac y
specification reflects its worst-case  absolute error.

Dif ferential nonlinearity in a D/A system is a measure of deviation of code
width  fr om 1 LSB. In this case, code width is the difference between the
analog values produced by consecutive digital codes. A specification of +-1
LSB dif ferential nonlinearity ensures that the code width is always greate r
than 0 LSBs (guaranteeing monotonicity) and is always less than 2 LSBs.
Digital I/O

Compatibility TTL-compatible

Configuration Three 8-bit ports (uses 8255A PPI)
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Input logic low voltage
Input logic high voltage
Output logic low voltage
at output current = 1.7 mA
Output logic high voltage
at output current = -200 IIA
Input load current
O<=Vin<=5 V
Darlington drive  current
(Ports B and C only)

Rexr = 750 ohm; Vegr = 1.5V

Remote Spedroscopic Monitoring of Liquids Via Sili ca Optical Fibres
0.8 V maximum

2.0 'V minimum

0.45 V maximum

2.4 'V minimum

+-10 PA maximum

-1.0  mA minimum
-4.0 mA maximum

Timing /O
Configuration Three 16-bit  counter/timers (uses two
8253 STCs)
Compatibility TTL-compatible inputs and outputs.
Counter gate and clock inputs are pulled up
with 4.7 kQ resistors onboard.
Input logic low voltage 0.8 V maximum
Input logic  high voltage 2.2 'V minimum
Output logic low voltage
at output current = 1.6 mA 0.45 V maximum
Output logic high voltage
at output current = -150 pA 2.4 'V minimum
Specifications
Input load current
0 <=Vin <=5V [(.0 - Vin) /10] mA
Input capacitance at 1 MHz 10 pF maximum
Base clock frequency 2 MHz +-0.01%
Power Requirements (from PC)
Power consumption
+5 VDC 150 mA*
+12 VDC 70 mA
-12 VvDC 45 mA
* Additional current up to 1 A can be drawn by the user through the 50-pin I/ O
connector.
Physical
Board dimensions 6.5 by 3.9 in.
I/O connector 50-pin keyed male ribbon cable connector
Operating  Environment
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Component temperature 0° to 70° C

Relative  humidity 5% to 90% noncondensing

Storage Environment
Temperature -55 ° to 150° C

Relative  humidity 5% to 90% noncondensing
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I/O Connector

Thiz appendix contains the pinoot and signal rgmes for the FO connector on the Lab-PC+.
Figure B-1 shows the Lab- PC# 50-pin IO vonnector.

ACIID
ACHI

1 ACH]
3
ACHa | 5
1
L

ACHI
ACIE
AUHT
CACHOTIT
DACL OUT
PAD

BA2

FA4

FAG
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Fha

FB&

ACHs
AISENSELAIGNTY
AGRD |14
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FAl |15
Az |17
ka5 |19
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FB] |23
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PC3 |33
PCs (35
BCT |37 EXTTRIG
EXTUFDATE+ |39 EXTCONY=*
OUTad F41] 42| GATBO
COUTE] |43{ 44| GATH1
CCLEH1 |45[ 45| QUIR2
GAIE? (47| 48] CLEE2
+5% 149 30| DOND
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&l glEldsIr|pie|R|Biz]s|sic]|s|«|a|aly

Figure B-1. Lab-PC+ T Connector Pin Assignments

Detailed sipnal specificarions are included in Chapter 2, Confignration and fnstalfation, and
Appendix A, Sperificarons,

© National Insiremenis Corperarian B Lob-PC+ [irar Manual
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Theory of Operation

Functional Overview
The block diapram in Figure 5-1 shows a functional overview of the Lab-PC+ board.

This chapter containg a fanctionad overview of the Lab-PU+ and explains the operation of each
functional unit making up the Lab-PC+. This chapter also cxplaing the basic operation of tha
Lab-PC+ citcuilty.

Addrass
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Appendix D: Measured Optical Component Performance

In this appendix, the measured opticd absorbances of the filters mentioned in this thesis are
presented. They were measured ona Perkin-Elmer Lamda9 spedrophdometer, with a scan speed
of 60 nm-m, resporse time of 2 seconds, NIR sensitivity of 2, and a it width of 0.5nm.

The instrumental discontinuiti es evident at around 850 nm are irreevant, as the traces were

recorded only to ensure that the filter blocking adion was constant over the li ght range deteded
by sili con detedors.

CVIF10-676-4

Absorbance
w
T

600.0 700.0 800.0 900.0 1000.0 11000 1200.0
Wavelength/ nm
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Infra-Red Engineering LDF-670

Absorbance
w
|
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1+
0 —
o | ! | ! | ! | ! | ! | ! |
600.0 700.0 800.0 900.0 10000 11000  1200.0
Wavelength/ nm
CVIF10-810-4
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CVI1715 nm RG Colour Glass filter

3 mm thickness

Absorbance
w
T

600.0 700.0 800.0 900.0 10000 11000  1200.0
Wavelength / nm

Thesis for PhD — Decenber 1997 177 email : stevenjmackenze@usa. net



Copyright 1998Seven J Mackenzie Remote Spedroscopic Monitoring of Liquids Via Sili ca Optical Fibres

Appendix E : Raman Spectra Measured Using The
Equipment Described in Chapter 3

In this appendix, several Raman spedra are presented, measured under the condtionsnoted in
ead figure.

The spedra presented are:
. Toluene (1 - 1 200readings averaged)
. Water, H,O
. Hydrogen peroxide, H,O,
. Chloroform, CHCl,
. Tetra-chloro ethene, CCl,.CCl,
. c-Hexane, CH,,
o n-Hexane, C;H,,
. Iso-propyl alcohd (IPA), CH,.CHOH.CH,
. Methanol, CH,OH
. Toluene, C;H-CH,
. Xylene, C;H,(CH,),
. Aspirin tablet
. Paracaamol tablet
. Panaayl Blue 5G dye fluorescence and absorbance
900 ‘ ‘ T ‘ T ‘ T
800 B Toluene Raman Spectrum With Averaging i
700 i
600 T 4o averages] 1
o i — 24 averages
& 500 ——— 1lreading _
P
g aoor JM .
]
£ 300 Km 5
200 m \\W N
100 - \‘\M T
or i
-100 L | | L | L | L | L
500 1000 1500 2000 2500 3000 3500

Frequency shift/ cm™
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Water

0))

o
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o
—
I

11.2mW 676 nm at the sample.

1.512 second CCD integration time. -
1200 averages in this reading,

2 400 averages in background.
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N
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o
—
|

body source at 1473.
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T
1201 Hydrogen peroxide |
11.2mW 676 nm at the sample.

1007 1.512 second CCD integration time. |
'CEG 24 averages in this reading, |
- 801 2 400 averages in background. 1
*UZ; 60k Intensity corrected using a black ]

8 body source at 1473.

c
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180
Chloroform

130k 11.2mW 676 nm at the sample. |
o 1.512 second CCD integration time.
© 1 200 averages in this reading,
5 2 400 averages in background.
? 80 Intensity corrected using a black 7
Q body source at 1473.
<

301 7
500 1000 1500 2000 2500 3000 3500
Frequency Shift / cm
2301 | -
(CCl),

1801 7
Qo 11.2mW 676 nm at the sample.
C\U 130F 1.512 second CCD integration time.
é\ 24 averages in this reading,
2 2 400 averages in background.
g 80 Intensity corrected using a black
- body source at 1473.
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|
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400—— ‘ ‘ ‘ —
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3001 1.512 second CCD integration time. n
-CEG 24 averages in this reading,
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600 ‘ ‘ ‘ ‘ ‘ I
Toluene
500r 112 mW 676 nm at the sample. il
1.512 second CCD integration time.
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Appendix F: Raman and Differential Thermal Analysis of

Teflon AF-1600

PTFE and AF-1600 Raman Spectra

Recorded using Perkin-Elmer 1700 FT Spectrograph
400 mW at 1064 nm excitation light

8{ 4 cm-1 resolution

1 hour measurement time (each)

£
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Figure F.1 The Raman spedra of Teflon AF 1600and PTFE.
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Figure F.2 DTA tracefor the Teflon AF granules, as supgied by duPont, before any processng.

Thesis for PhD — Decenber 1998 186 email : stevenjmackenze@usa. net



Copyright 1998Steven J Mackenzie Remote Spedroscopic Monitoring of Liquids Via Sili ca Optical Fibres

vurve 1) A it DTA Moge

Fila info: sind Tue Nov iS 0% 54: 04 1968
Samplie welght: 20.000 =

S

4,45
$.40
1.35
1,30

1,25

AT (*C)

1.20 - _
.45 - Onset 215.03 °C
1,10 -
1.05 -
1,00 -

.95

0.% ] 3 ! ) 1 H ) 1 )
100.0 150.¢ 200.0 250.0 300.0
Bubbled PTFE Temparature [(*C) dh
WEE L8838 Trww 08 @nTe RO 7 Series Therssl Anelyals Systea

Figure F.3 DTA traceof Teflon AF deposited out of solution in Fluorinert FC75 and baked at 15C°C.
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