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CALIBRATION OF A GAMMA RAY SPECTROMETER 

INTRODUCTION 

A Hewlett-Packard 5201L Scaler-Timer, a 55514 High 
Voltage Power Supply, and any one of the Series 106004 
Scintillation Detectors constitute a gamma ray spec- 
trometer. This application note presents step-by-step 
procedures for the calibration of this single-channel 
spectrometer to the range of gamma ray energy the 
user selects. While the details relate specifically to 
the spectrometer discussed, the basic relationships 
and the manner in which the calibrations are made 
apply also to systems based upon ratemeters. The 
general approach is that of differential counting, 

Gamma ray spectrometry has grown from small be- 
ginnings around 1950 until today large catalogs of 
gamma Tay spectra cover most isotopes of import- 
ance to areas such as nuclear reactor operation and 
nuclear physics research. Usesfor gamma ray spec- 
tra include identification of unknown isotopes and 
quantitative measurement by comparison of photopeak 
counts in the unknown and 1n a calibrated sample of 
the same isotope. 

The scintillation detector's high efficiency for gamma 
rays makes it suitable for measurements onlow activ- 
ity gamma-emitting sources. This capability leads to 
numerous applications in areas such as radiochemistry, 
clinical medicine (diagnostic work with tracers), bio- 
medical research, geology, meteorology, and metal- 
lurgy. 

  

Figure 1 shows a gamma ray spectrum for cesium-137 
obtained with a Hewlett-Packard scintillation spec- 
trometer. The prominent photopeak corresponds to 
the 662 keV gamma ray which characterizes this iso~ 
tope. Cs-137, which is readily available and has a 
relatively simple spectrum, i often used to calibrate 
gamma ray spectrometers. 
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Figure 1. Gamma spectrum for cesium-137 

4 concise deseription of the functions essential to a 
gamma ray spectrometer follows next lor use by those 
readers who may wish to review these lunctions [rom 
the standpoint of the Hewlett-Packard system, before 
reading the detailed calibration procedures. These 
procedures are followed by & check list which is a 
summary tha includes only those details the expe- 
rienced user will want for reference. An appendix 
gives instrument details: front and rear pansl views 
and operating instructions.
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GAMMA RAY SPECTROMETER 

Two of the essential functions of & gamma ray spec- 
trometer, to detect gamma rays and to measure thelr 
energies, are performed in the scintillation detector 
and in the pulse height analyzer. 

SCINTILLATION DETECTOR 
The scintillation detcctor has three part: (1) the 
scintillation phosphor crystal {usually thallium acti- 
Vated sodium lodide), (2) the photomultiplier tube, and 
(3) tne amplifier, _Figure 2 shows a block diagram, 
Gamuma rays from the Eamma emitter 10 be meas- 
ured enter the detector and traverse the sciatillation 
crystal, giving up their encrey n exciting and foi- 
izing Iis atoms.  These exelted atoms then radiate 
cneray as ishes of Nent.  Each group of flashes 
{scintillations) is nearly proportional to the energy of 
the ncident gamma ray absorbed in the crystal. The 
light passes through the ransparent crystal and o 
of i Is received at the photocathods, here it cjecls 
electrons. In the photomultiplier tube, these eloc- 
tronsare accelerated ot firstof 4 seriesof dynodes. 
"The slectrons which strike eachdynode produce many 
more clactrons by secondary cmiasion, & progressive 
effect which builds into  multiplication (actor of about 
105, yet maintains proportionality. The photomulti- 
plic "anode collects the resulting burst of chirge, 
Which i delivered through the output capacitor (o the 
amplitior input. The charge is integrated and ampli- 
(ied to produce a voltage step, then it 1s differentiated 
{clipped) toproduce a pulse of optimun shispe for inpit 
to the pulsc height analyzer. Throughout the eniire 
process, e proportionslity to the enerey of the in- 
cident gamna ay 15 closely maintaimd.  Thus, a 
Single gammi ray's enexgy LS ransiormed into s Single 
Voltage pulse sutable for measurement 

  

PHOTOMULTIPLIER TUBE HIGH VOLTAGE SETTING 

A change in the voltage provided by the high voltage 
Supply to the photomultiplier tube changes the output 
signal amplitude; an increase in voltage to the photo- 
multiplicr's dynades causes an increase inthe ampli- 
tude of the output pulse for a given gamma ray encray. 
This effect is used to adjust the systen for measure- 
ments of gamma rays witlin a selocted energy range. 
That is, by selection of the high voltage setting, pulse 
amplitudes within the range acceptable to the system 
can be made to correspond to gamma ray energics in, 
say, the range of thousands of clectron volts® (keV) 
or of millions of electron volts (MeV). 

AMPLIFIER 

1t is necessary to converd the output current pulses 
from the photomultiplier into voltage pulses and to 
amplity and shape these pulses so that they are suit- 
able for triggering the scaler-timer circuits. The 
Hewlett-Packard delector uses a charge-sensitive 
preamplifier with a conversion gain of approximately 
25 picocoulombs per volt. The Subsequent amplifiers 
have a voltage gain of 10 or 100. The gain of these 
amplifiors and that of the photomultiplier must be 
considered in the calibration of the spectrometer. 

“Note: The electronvolt is an caerey unit the enersy 
gained by an electron in passing through & potential 
difference of ane volt: 16 - 1.6 x 1012 e keV = 
Kilo-electron volt, MeV - million-electron v, 
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PULSE HEIGHT ANALYZER 
The single-channel pulse helght analyzer sorts the 
pulses from the scintillation detector accarding to 
amplicude, passing those lying between (o preselocted 
Limits to (he scaler-timer and discriminating agalnst 
others. 
Each input pulse Is presented to a pair of discrimin- 
ators, referred to as the lower level discriminator 
and the upper level diseriminator; Epip and Eygay are 
the energies to which the trigger levels of thest dis- 
criminators correspond. These two limits define a 
“window" or "channel” corresponding fo an energy 
band of width AE. To understand the action of these 
discriminators, consider three cases where: (1) the 
pulse height is less than the proset value of Epnyy, (2 
the pulse height is groater than Eynip but 1658 than 
Emax, and (3) the pulse is greater than both. Figure 3 
diagrams these pulses and shows their relationship to 
4 typical spectrum. 

   

  

  

        

Figure 3. Differential pulse height discrimination 

In the first case, the pulse is not propagated farther 
since it is not large enough to trigger the lower level 
discriminator. In the second case, the pulse falls 
within the ~E window; this pulse is propagated and 
passed to the scaler. In the third case, the pulse 
triggers both discriminators. This large pulse is 
propagated to an anticolneldonce circuit so designed 
that when pulses are received from both discrimina- 
tors in time colneidence, both are blocked and bo out- 
put pulse is passed to the scaler. Figure 4 slows the 
signal input. 

The action of the pulse height analyzer, then, has 
been todiseriminate against pulses larger or smaller 
(differential discrimination) than pulses of the pre- 
determined size. These selacted pulses are trans- 
mitted o the scaler for tatalization, 

SCALER-TIMER 
The scaler-timer accumulates and stores pulses in 
digital form. The scaler can totalize the pulses dur- 
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Figure 4, Pulse height analyzer block diagram 

ing a precisely defined time period. Since scaler- 
timer input can reach hundreds of thousands of pulses 
each minute, the scaler must be capable of high speed 
counting, Operation can be set for predetermined 
count or for predetermined time. 

To enter the scaler's first decimal counter assembly 
(DCA), the signal from the pulse height analyzer must 
pass the decimal counter assembly gate. This DCA 
gate maybe cnabled or disabled by either manual con- 
trol (front panel pushbuttons), bullt-in timer control, 
or external control (another scaler, external timer, 
or other device). Figure 5 shows a block diagram of 
a Hewlett-Packard scaler. Each decimal counter as- 
sembly consists of four binary "flip-flops” (bistable 
multivibrator cireuits) arranged in such & way that the 
DCA will put out one pulse for every ten pulses re- 
celved. When the tenth pulse is received, the DCA 
(Decade) is reset to zero, and a pulse is sent to the 
next decade. This process is repeated down the Line 
of decimal counting assemblies so that the record of 
the number of pulses received is stored by the decades. 
When the pulses to the decades are blocked (by dis- 
abling the DCA gate), the counting stops and the mum-~ 
ber of pulses accumulated is read out by @ decoding 
arrangement into 4 visual numerical form (digital 
display tubes). 

  

      
  

  

      

Figure 5, Sealer block diagram 

 



GAMMA RAY SPECTROMETRY 
A gamma ray spectrometer operating to perform pulse 
height analysis in the manner just described can give 
the data needed for plotting 2 gamma spectrum. With 
a single channel analyzer, a series of measurements 
are made on the isotope of interest by having the spec- 
trometer totalize the count for a range of pulse heights 
corresponding to a narrow energy band; this count is 
repeated in turn for successive energy bands. Then, 

2 plot of count rate vs pulse height {energy) constitutes 
the isotope’s gamma ray spectrum, 

To more conveniently and automatically obtain the 
datafor a spectrum, a system which scans the energy 
range and records the data can be arranged as shown 
in Figure 6. In this HP system, the sweep input de~ 
termines the value of Emin. The °E window formed 
ythe E iy and E gy discriminators is moved through 
the complete voltage range by the sweep input to scan 
the spectrum automatically. 
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CALIBRATION 

Gamma ray spectrometer calibration is basically a 
matter of establishing @ known relationship between 
gamma ray energy (seV or MeV) and the discrimin- 
ator scales (scale divisions or volts) so that pulso 
heights can be translated to energies. 

The calibration procedure for the Hewlett-Packard 
5201L Scaler-Timer, the 5551A High Voltage Supply, 
and one of the Scintillation Detectors, Series 106004, 
will be set forth in detail, 

For the convenience of those readers who are not 
completely familiar with the controls and operation 
of the HP instruments, the appendix presents infor- 
mation reproduced from their operating and service 
manuals, Front and rear panel views show all con- 
trolsand terminals referred to in the calibration pro- 
cedure, and charts outline basic instrument turn-on 
and operation. 

GENERAL 
The calibration factor for the HP 5201L can be ex- 
pressed in terms of electron volts (keV or MeV) per 
volt or per scale division. To establish it, 2 sample 
having known gamma ray energy 1s measured. 

Ceslum 137, often used for ts purpose, has a dis- 
tinet photopeak at 662 keV and also & sharp peak at 
31.5 ke (duc to the barium-137 x-ray). A 0.5 micro- 
curie Cs-131 source® was used throughout the callbra- 
tion measurements to be described. 

Calibration of the HP 5201L is made cagy and quick 
by the automatic recycling mode and the storage dis- 
play features exclusive with the HP Scaler-Timers. 
When a short preset time is selected, say 1 sec, then 
the measurement for that period is held and displayed 
during the next counting period. This display makes 
it easy for the user toobserve the count rate while he 
is adjusting other controls accordingly. 

First to be discussed Is the determination of the cali- 
bration factor related to a given high voltage setting, 
and next, the procedure to set the voltage range of the 
discriminators (005 volts) to cover @ selected gamma 
ray energy range (say, 0 to 1 MeV; calibration factor, 
0.2 McV per volt). Finally, a graphical method to 
estimato the high voltage setting appropriateto a given 
energy range is described. The user may select (rom 
these methodsthe particular ealibrationbest suited to 
his purpose. 

EQUIPMENT ARRANGEMENT 
Figure 7 1s a block diagram indicating the connection 
of the 5201L, the 53514, and the 10613A. Auy one of 

*Well-type lucite-enclosed source made by Hazleton 
Nuclear Science Corporation. 
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the Series 106004 scintillation detectors could be used. 
A source giving 10,000 to 20, 000 counts per second 
{integral counts) is placed next to the detector or is 
inserted into the well, if a well-type detector is used. 
This same arrangement applies for each of the cali- 
bration procedures to follow. 
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Figure 7. Block disgram, HP system for gamma. 
ray Spectrometry (single channel analyzor) 

DETERMINATION OF THE CALIBRATION FACTOR 
FOR A GIVEN HIGH VOLTAGE SETTING 

1t is convenient to know the calibration factor (keV or 
MeV per volt) relative to one of the 85-volt steps 
which may be selected by use of the VOLTAGE RANGE 
SELECTOR on the front panclof the 5551A High Volt- 
age Power Supply because the user can quickly and 
accurately reset to this same polut, once it has been 
established. 

‘The equipment arrangement is that shown in Figure 7. 
The procedure to be followed is simple, First, with 
the 5201L in Integral mode, the gain is adjusted to 
bring the 662 keV photopeak of Cs-137 (or a selected 

"
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pealof known standard) within range of the discrimin- 
ators. Next, with the 5201L in 4 E (narrow-window) 
‘mode, the operator locates the energy peak accurately 
by advancing Emin (the lower level discriminator) 
antil the count rate is  meximum. A quick computa~ 
tion then gives the calibration factor. 
When the 5201L's pulse helght analyzer isoperated in 
the 1 E mode, the upper level discriminator control 
sets and holds constan. the desired window width (E), 
the lower level discriminator sets Emip, and - 18 
referenced to Emin, At the selected value of Emin, 
a1l pulses with heights between Emin and Epyip + 5.5 
will be passed to the scaler-timer and totalized, The 
mid-window reference is exactly given by Emin + 

  

  

—— AE Control 

— i ae Emin+ 55 

—— Emin Control 

      
1t is this mid-window reference which is o be re- 
lated preciselyto an energy peak in order to calibrate 
the spectrometer. 

Procedure 

1. Set controls as follows (refer to the Appendix for 
detals): 

  

sa01L Rear Pans 
AC POWER: On STORAGE; Normal 
PHA MODE: | (Integral) Epyy, BIAS: Normal 
Epin: 4.5 volts. GATE: 
POLARITY: + 
DISPLAY-PRESET: 

Display Count - Preset Time, sec 
SAMPLING MODE: Auto 
PRESET "N'' SWITCHES: 1.0 (sec) 

Normal 

55514 
POLARITY (Rear Panel): + 
VOLTAGE RANGE: 680 volts 
VERNIER: Fully counterclockwise 
AC POWER: On 
Note: settings for VOLTAGE RANGE and Emin are 
examples, not fixed values applicable in all cases. 

106134 
GAIN: X10 (or X100 as desired) 

  

Note: the calibration is valid only for the gain (X10 
or X100) used during calibration. 
2. Increase the high voltage inB5-voltsteps by clock- 
wise resets of the VOLTAGE RANGE control. (Keep 
the VERNIER control switched out by turning it fully 
counterclockwise; it s not used in this procedure.) 
At each new voltage setting, observe the count. Note 
8 

  

the setting where there is a sudden increase in the 
number of counts. For example, the observations 
‘might be as follows: 

High Voltage Counts per sec 
765 (volts) 1 
850 1 
935 i 

1020 2 
1105 11 
119 1700 

The actual count depends upon a number of factors in- 
cluding source strength and geometry. The significant 
observation is the large jump in count rate rather than 
count value, The operator now knows that at Emin = 
4.5 volts and with the VOLTAGE RANGE selector set 
ai 1105 volts, the 662keV energy peak is within range. 
It remains to measure this peak and to determine the 
calibration factor. 

3. Leaving the VOLTAGE RANGE set at 1105 volts, 
change PEA MODE ta A = 0,100 volt and change the 
preset "N switches to 5.0 (sec). A longer count is 
needed since use of the narrow window mode will re- 
duce the count rate. Reset Emip to a level somewhat 
below 4,50 volts and observe the count as it is prog~ 
ressively raised in 0,10 volt steps, for example: 

  

  
Emin Counts per 5 sec 
4.10 908 
4.20 1512 
4,30 1711 
4,40 1255 
4.50 635 
4,60 194 

The maximum count is observed to be at Eyiy, = 4.30 
volts. 

Note 
During any count accumulation period when 
either the high voltage setting or one of the 
discriminators is changed, the count dis- 
played is apt to be in error. After making 
any change, therefore, press the RESET 
button., 

Compute the Calibration Factor, MeV/volt: 
C.F., MeV/volt = Energy Peak, MeV 

Epy volts + A, volts 
z 

_ o662 
430,58    H 

  

0.15 MeV/volt 

5. Find the 0-5 volt calibration range 

Mev 5 volts x 0.15 3o = 0.750 Mev 

Range: 0 1o 750 keV. 
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The gamma ray spectrometer is now calibrated. Pro- 
vided that the VOLTAGE RANGE control s reset o he 
same value (ad the seintillation detector's GAIN 
switch is set ss it was during the calibration), Epyn 
+ 2E/2 readings are now related precisely to ganimia 
ray energics. 
1t a more accurate calibration isdesired, the operator 
can tmprove counting statistics by taking a longer count 
at each Emin setting and by interpolating between set- 
tings (the peak 1s known to be symmetrical at its top). 
When this longer procedure was followed for the ex- 
ample just presented, it was found that Epyin = 4, 275 
volts rather than 4. 30 volts. 

CALIBRATION TO A SELECTED RANGE OF 
GAMMA RAY ENERGY 
A useful and convenient gamma ray spectrometer cali- 
bration is to have the 0-5 volt range of the lower level 
discriminator correspond 0 a gamma ray energy 
range, say 0-1 MeV. Once this correspondence has 
been established, the odometer-type scale of the lower 
level discriminator can be interpreted in terms of 
gamma ray energy by a simple multiplication of the 
indicated scale reading by the calibration factor. 

  

As in the method described earlier, a point connecting 
the two scales is found by measurement of & known 
standard, When Cs-137 is the standard used, the 662 
keV peak is the reference which 1s positioned within 
the 0-5 volt range such that this peak lLies at the mid- 
point of the ~E window, and this midpoint is located 
at 6621000 of its total travel: 

Application Note T3 

will be less than 0, 01%/°C for a temperature range 
of 0-55°C and for a line voltage variation of +10% 
Irom 115 or 230volts. After the initial voltage-energy 
calibrations are made {or a particular measurement 
setup, this stability assures highly accurate day-to-day 
measurements. 

The detailed procedure that follows will describe how 
the system gain is adjusted to accomplish the destred 
calibration. As before, Uie cquipment arrangement 1s 
that shown in Figure 7, and the first step is to bring 
the 662 keV peak within range of the discriminators. 

  

1. Set controls as follows 
and rear panel views) 

(see Appendix for front 

s201L Rear Panel 
AC POWER: On STORAGE: Normal 
PiiA MODE: | (Integral) Eqyn BIAS: Normal 
Emin: 3. 26 volts GATE: Normal 
POLARIT 
DISPLAY-PRESET: Display Count -Preset Time, sec 
SAMPLING MODE: Auto 
PRESET "N" SWITCHES: 1.0 (sec) 

  

55514 
POLARITY (Rear Panel): + 
VOLTAGE RANGE: 165 
VERNIER: Fully counterclockwise 
AC POWER: On 

108134 
  

  

      

Suppose we select AE = 0.10 volts, a width broad 
enough so that count rate with a 1 microcuric source 
will permit rapld observation, yet a width narrow in 
comparison to that of the photopeak, The lower level 
discriminator voltage is then computed tobe 3.26 volts. 

662 o0 0.10 oo 3 - 3.31 - 0,05 = 326 volts, Eny     

The actual count rate maximum is the point where the 
window straddles the 662 keV energy peak, and it 
is this polnt which is the desired reference connecting 
the lower level discriminator's voltage scale and the 
gamma ray energy scale. 

The 5201L's discriminators are extremely stable with 
both temperature and line voltage variation. The 
‘change in the input discriminator (over its full scale) 

02323-1 

GAIN: X10 or X100, as desired. 
Note: the calibration is valid only for the gain 

setting used during calibration. 

2. Increase the high voltage in85-volt steps by clock- 
wise resetsol the VOLTAGE RANGE control (keepthe 
VERNIER fully counterclockwise, at which position it 
15 switched out.) At cach new voltage setting, obscrve 
the count. Note the voltage where there is & sudden 
increase in the number of counts, For example, the 
observations might be as follows: 

High Voltage Counts per sec 
65 1 
850 2 
935 g 

1020 31 
1105 3165 

The actual count depends upon a number of factors in- 
cluding source strength, geometry, and gain setting; 
the significant observation is the large jump in count 
rather thancount value. The operator now knows that 
with the high voltage set somewhere between 1020 and 
1105 volts, the photopeals will Lic at the desired posi- 
tion. He should now refine the high voltage setting by 
use of the 5351A's VERNIER control and the 5201L's 
PHA - E MODE. 
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3. Reset the VOLTAGE RANGE control to 1020 and 
the PHA MODE switch to E = 0,100 volts. Rotate 
the VERNIER slowly clockwise to increase the high 
voltage, watching for the sudden jump incount and for 
the maximum count rate. Where this occurs, read the 
ligh voltage by pressing the VERNIER SCALE push- 
button (refer to the Appendix for details). Note this 
high voltage reading: 1092 volts. 

4. Tryanother passto more precisely determine this 
high voltage, increasing the time of each count to re- 
duce statistical error. 

Note 
During any count accumulation period when 
cither the high voltage setting or one of the 
discriminators is changed, the count dis- 
played is apt to be in error. When the VER- 
NIER SCALE pushbutton i depressed, the 
high voltage may be pertarbed and hoise may 
beintroduced, also leading to a possible count 
error. Therefore, in such cases, press the 
RESET button. 

Change the preset "N switches t0 5.0 (sec). Read 
the count at each of three 2-volt increments, for 
example: 

High Voltage Counts per 5 sec 
1090 7864 
1092 8412 
1094 7953 

Since the count maximum is found at 1092 volts, it is 
confirmed that the photopeak has been observed. 
Should this maximum count vot lie at the middle read- 
ing o the three, repeat Steps 3 and 4. Note the exact 
high voltage setting where the maximum count rate is 
found. 

5. Make a inal recheck of the calibration by setting 
the high voltage at the level just determined and ob~ 
serving the count at three values of Emip centered on 
the predicted value , 3. 26 voits. 

Emin_ Counts per 5 sec 
an 7628 
328 8450 
o 7958 

Since the maximum lies at the predicted value, 3.26 
volts, the calibration is confirmed. If this is not the 
case, the operator should repeat steps 3, 4, and 5 
with 2 new predicted value for Emip based upon the 
observations just made. 

The result of this procedure is that the gamma ray. 
spectrometer is now calibrated over the range of gam- 
ma ray energies 0-1 MeV. The calibration factor is 
0.2 MeV per volt. 

This same basic procedure can be adapted for the 
establishment of other calibration factors, for example, 
0.3 MoV per volt, 1.5 MeV full scale. Also, stand- 
ards other than Cs-137 can, of course, be used.   

10 

With the high voltage set to the value determined, and 
with the seintillation detector’s gain (X10 or X100) at 
the same setting used during the calibration proce- 
dure, the odometer scale of the lower level discrim- 
inator can now be interpreted in terms of gamma ray 
energy. Suppose it is desired to identify an energy 
pealk of an unknown jsotope. The user determines the 
energy of this peak bylocating the wid-window refer- 
ence where the counl. is 4 maximum, and then simply 
multiplies by the calibration factor. 

GRAPHICAL ESTIMATION OF HIGH 
VOLTAGE SETTING 

The high voltage setting which will calibrate the 
5201L's discriminators to a desired range of gamma 
ray energy can be estimated to within = 10 percent by 
use of the graphs presented in Figures 8 and 9. Fig- 
ure 8 applies to energy ranges from about 1 MeV up 
010 MeV, while Figure 9 is useful for lower energies 
up to about 500 keV. 

These plots relate high voltage sattings (volts, hori- 
zontal axis) to full scale gamma ray energies (MeV or 
keV, right-hand vertical axis) and to calibration fac- 
tors (MeV/volf, left-hand vertical axis). The slope 
each plot displays 1s the average of 2 number of de- 
terminations made with Howlet(-Packard scintillation 
detectors. Slope variations were found to be small, 
an_indication of the desirability of the selection of 
premium photomultiplier tubes. 

  

These graphs are general to the Series 10600A Scin- 
tillation Detectors and must be made specific to the 
user's own detector before they can serve their pur— 
pose. This the user accomplishes by determining for 
each graph the values of ligh voltage which apply to 
the horizontal axis. How this is donewill be described 
with relation to Figure 8. 

It first is necessary to find the high voltage settingof 
the 53514 which corresponds to an energy of 5 MeV. 
full scale. This high voltage, which varies from de- 
tector to detector, usually is in the range 500-700 
volts. It is designated Ve on FiguresBand9. It may 
be determined by use of the procedure described under 
“Calibration to a Selected Range of Gamma Ray 
Energy". The predicted value of Enyp to place the 
C5-137 peak at the desired mid-window reference is 
0.612 volt for 4 = 0, 1 volt. 

- 5(0.662) °E 
S 

  0,662 - 0,05 = 0,612 volt min 

The value of the high voltage setting which has been 
determined is now substituted for Ve on the graph's 
high voltage scale, horizontal axis. The other major 
graduations of this scale become V, =100, Ve +200, 
ete. For example, suppose V. = 570 volts. The major 
graduations relative to this value would become 370, 
470, 570, 670, and 770 volts. 

  

Anexample set out with adashed line makes clear how 
the graph is used. Assume the user desires to set a 
spectrometer to cover the gamma ray ehergy range 
0-15 MeV. He has found that V= 520 volts. He 
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enters the graph at 1.5 MeV along the right-hand ver- 
tical scale, traces straight leit to the diagonal line, 
and fromthis intercept straightdown tothe horizontal 
scale where he reads the desired value to be 643 volts 
(520 + 123). 

‘The graph's left-hand vertical scale shows the calib- 
ration factors corresponding to the full scale gamma 
ray energies on the right-hand scale and is useful to 
estimate a calibration factor for a known high voltage 
setting. 

Figure 9 shows the graph lor use at lower gamma ray 
energies; it serves the same purpose as Figure 8, for 
energy ranges from 0-60keV up t00-600 keV. To gain 
aceuracy for this lower energy range, the 31.5 keV 

Application Note 73 

Deak of Ca-137 is used as the reference, The prace- 
dure for establishing the value of Ve 1s otherwise the 
same as discussed earlier. Again, the predicted value 
for By 15 0. 612 volt with AE at 0.1 volt. 

Since these graphs were prepared with the GAIN switch 
of the Series 106004 Scintillation Detector set atX100, 
they apply onlyfor a X100 setting, Note that V must 
be redetermined if the photomultiplier tube is changed. 

CALIBRATION PROCEDURE CHECK LIST 
The steps necessary to calibrate the 52011, the 55514, 
and any one of the Series 10600A Scintillation Detec- 
tors are summarized on the pages to follow. Users 
may wish to reproduce these two pages for use as a 
check-off card. 
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CHECK LiST 
CALIBRATION FACTOR, GIVEN HIGH VOLTAGE SETTING 
  

SYSTEM COMPONENTS: $201L SCALER-TIMER, S551A HIGH VOLTAGE POWER SUPFLY, SERIES 106004 
SCINTILLATION DETECTOR. 

sl 
Ac powER 
L 
PoLARITY: 
DISELAY-FRESET: 
SAMELING MODE! 
FRESET "N SKITCHES: 

POLARITY (REAR PANEL: 
VERNIER: ’ 
AC POWER: 

on STORAGE  NORMAL T unrecran f olinre Eun BIAS:  NORMAL 
SO GaTE NORMAL 
DISPLAY COUNT - PRESET TIME, SEC 
AuTto 
Totsee) 

. GAIN SWITGH: X10 (OR X1001 
a0 NOTE: CALISRATION IS VALID 
EULLY COUNTERCLOCKWISE ONLY FOR SETTING USED 

2. INCREASE HIGH VOLTAGE 8Y CLOCKWISE STEPS OF THE VOLTAGE RANGE CONTROL, OBSERVING 

65 voLTs 

038 

i 

SLIGHTLY BELOW INITIAL 
MAXIMUM COUNT. 

4. COMPUTE THE CALIBRATI   c.r.mevivoLT = & ENERGY PEAK, MEV 

0 THE SETTING WHERE A SUDDEN INCREASE GCCURS. NOTE THIS VALUE, 
counts per sec 

  

CHANGE PHA MODE TO AE = 0.100 VOLT; CHANGE FRESET 'N" SWITGHES TO 5.0 (SECH RESET Ewix 
SETTING. INGREASE Eyjy IN 0.1 VOLT STEPS, WATCHING FOR THE 

coun 

  

s e   

  

oN FACTOR: caviaraTion 

+8E ors B 
  

  

CTERATION = 

CALIBRATION FACTOR 
SEECTROMETER SERIAL NOS. 
e s201L 

HP DETECTOR 
T wieRweE 
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CHECK LIST 
CALISRATION TO A SELECTED RANGE OF GAMMA RAY ENERGY. 
  

1. PREDICT Ewiy TO CALIBRATE SPECTOMETER TO OESIRED ENERGY RANGE. FOR EXAMPLE, TO 
WAKE 0-5 VBLTS CORRESPOND T0 0-1 MEV WITH USE OF 652 KEV Cs-137 PEAK: 

  

i + AR = 86205 = 6% 
2. SET CONTROLS AS FOLLOWS: 

2010 REAR PANEL 
Ac Power: on sTORAGE:  NORMAL 
PrA MoDE: [ inrecrany v BIAS:  NORMAL 
Ewn (PREDICTED VALUE] i GATE: NomMAL 
POLARITY: T 
DISFLAY - PRESET: DISPLAY COUNT - PRESET TIME, ISECT 
FRESET N SWITCHES: Vo s=e) 

sssia 108138 
POLARITY (REAR PANEL)  + GAIN: %10 OR X100, AS DESIRED. 
VOLTAGE RANGE: 755 ROTE THE CALIBRATION 1 VALID 
VERNIER: FULLY COUNTERGLOCKWISE ONLY FOR GAIN SETTING UseD 
A PoweR: on DURING CALIBRATION 

3. INCREASE HIGH VOLTAGE BY CLOCKWISE STERS OF THE VOLTAGE RANGE CONTROL, OBSERVING 
THE COUNT RATE TO DISCOVER THE SETTING WHERE A SUDDEN INCREASE GCCURS. NOTE THIS 
VALUE. 

HiGH VoLTAGE counts Per sec 
65 

o35 — 
1020 VOLTAGE RaNGE 

  

4. CHANGE PHA MODE TO A€ = 0.100 VOLT, RESET VOLTAGE RANGE ONE SETTING BELOW THAT FOUND V'STER 2" AOTATE VERNIER SLOW LY CLOCKWISE, WATCHING »OR SUDDEN JUMP IN COUNT AND THE 
MAXIMUM EOUNT RATE. AT THIS FOINT, READ THE HIGH VOLTAGE (PRESS VERNIER SCALE FUSH- 
B0TTom. 

5. TRY ANOTHER PASS TO MORE PRECISELY OETERMINE THIS HIGH VOLTAGE: CHANGE PRESET N SWITEHES 70 5.0 SEC. READ COUNT AT 2 VOLT INGREMENTS 
HioH voLTAGE counts peR 5 ssc 

  

IF HIGHEST COUNT DOES NOT LIE AT GENTER READING OF THE THREE, REPEAT STEPS 4 8 5. 

6. VERIEY THE CALIBRATION BY SETTING THE HIGH VOLTAGE AT THE VALUE JUST DETERMINED AND BEEERVING THE COUNT FOR TRREE VALUES OF Ewin CENTERED ON THE FREDICTED VALOE. It 
CALIBRATION 15 NOT CONFIRMED, REFEAT STEPS 4. 5, & 6, ENTER RESULTS IN BOX FOR FUTURE 
REFERENCE.     CALIBRATION - 

DATE____ iwiTiaLs 
ENERGY RANGE 

CALIBRATION FACTOR 
HIGH VOLTAGE 

SPECTROMETER SERIAL NOS. 
He s201L 
HE sss1a 

  

10 OR X750   
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APPENDIX 

This appendix presents front and rear panel views for 
the Model 5201L Scaler-Timer and the Model 55514 
High Voltage Power Supply, and operating details for 
those modes of operation referred to in the calibration 
procedures. Controls and terminals for one of the 
Series 10600A Detectors are also shown. Appendix 
‘material was reproduced directly {rom operating man- 
vals, which should be consulted for any additional {n- 
formation wanted. 
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Model 5201L Scaler-Timer Front Panel 

  

2 

s 

  
  

FRONT PANEL 

1 2 15 

  

3 

PIHA MODE: selectsthe modes of pulse belght analy— 
zer operation: AE mode, Epyqy mode, /mode. 
UPPER LEVEL DISCRIMINATOR (ULD) CONTROL: 
1) determines the window width (2 E) fn the & E PHA 
MODE, 2 sets the upper level Eyyqy PHA MODE, 
and 3)1s off in the / PHA MODE. The ULD range 
180 0.+, 500V In 2 E PHA MODE and 0,05V to 5.0V 
In Eqygy PHA MODE. 
LOWER LEVEL DISCRIMINATOR (LLD) CONTROL: 
1) determines the lover level of the window (Eqyis) 
in the & E PHA MODE, 2 sets the lower Level (Epig) 
in the Eyyqy PHA MODE, and ) determines the lower 
level ntho ./ PHA MODE. The LLD range 150,05V 
05,07 
POLARITY: selects polarity of tnput pulses, facili- 
tating operation with detectors providingeither posi- 
tive or ncgative output pulses. 

        

INPUT 5006, Front ox rear panel signal INPUT. 
(5.0 volts max peak pulse amplitude,) 
DISPLAY-PRESET: selects mode of measurement: 
CHECK, DISPLAY TIME MIN-PRESET COUNT, 
DISPLAY TIME SEC-PRESET COUNT, DISPLAY 
COUNT-PRESET TIME SEC, DISPLAY COUNT- 
PRESET TDME MIN, and MANUAL. 
SAMPLING MODE: selsets AUTOMATIC or MANUAL 
sampling. With AUTOMATIC sampling the Sealer- 
Timor continuously accumulates pulses, displays, 
rosels and arms itself for the next gating pulse. With 
MANUAL sampling the RESE T pushbotton must clear 
display, preset dividers, and clock time base; and 
the STOP and START pushbuttons control the aoeu- 
‘mulation of pulses. 
PRESET "' SWITCHES: select the numbers to be 
displayed in DISPLAY-PRESETCHECK, In DISPLAY 

    

10, 

. 

  

   
TIME-PRESET COUNThe Sealer-Timer counts and 
displays the time n seconds or minutes requlred for 
a number of counts praset bythe "N" switches to be 
made. In DISPLAY COUNT-PRESET TDE the 
Sealer-Timer counts the number of icput pulses for 
a time in scconds or minutes preset by the "N 
avdtches, 

    

START: will start the count in DISPLAY-PRESET 
MANUAL fanction, In the MANUAL SAMPLING 
MODE, the START pushbutton arms the gate 5o the 
next gating pulse will start the count. 

   

STOP: will stop the count in any mode of operation. 
I DISPLAY-PRESET funetions the STOP pushbutton 
stops and resets the Scaler-Timer, In the MANUAL 
SAMPLING MODE the stop pushbutton stops the count 
bt does not reset it. The count may be started again 
by the START pushbution or reset by pushing the 
RESET pushbutton. 
RESET: resots display, preset decados, and clock 
tme base. 
ARMED LAMP: tndieates that the gate is armed and 
ready to receive & timing pulse. 
GATE LAMP: Indioatos that the gato is open and the 
Sealor-Timer is counting. 
AC POWER SWITCH: tums instrument on and off. 

   

   

DISPLAY. The six Decfmal Counter Assemblies 
provide the display of either; 1) the input signals In 
DISPLAY COUNT-PRESET TIME and DISPLAY 
COUNT-PRESET MANUAL functions, 7) the 
time base sigaals in DISPLAY TIME-PRESE 
function or, 3) the self check sigaals dotormined by 
the proset "N switches fn the DISPLAY PRESET 
CHECK functions, 
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Model 5201L Scaler-Timer Rear Panel 

  

  

REAR PANEL 

  

+20 VOLTS SUPPLY PUSE: provides overload pro- 
tection. 1t should be 1 ampere, 

-15 VOLTS SUPPLY FUSE: provides overload pro- 
tection. 1t should be 1 ampere. 

LINE VOLTAGE SWITCH 
cither 13- or 230-vac line, 
down for 230v. 

permits selection of 
Stide it up for 11 

  

LINE FUSE: provides overload proteetion. I should 
bo 1 ampere. 

AC LINE CONNECTOR: 
pover cable. 

connects to fat plug on 

STORAGE: provides a means of disabling the stor- 
age foature. The display storage feature provides & 
continucus visual display while tho instrument is 
totalizing 3 new count. Only if the new count differs 
fromthe previous count will the display change, when 
the SAMPLING MODE i in AUTO pasition. 

DIGITAL RECORDER CONNECTOR: supplies BCD 
inforation for a digital recorder, analog comvertor, 
or other data processing equipment, 

Fonin Blas Sultch, NORMAL-EXT: disconnects the 
front panel Erygy control from the LLD and allows 
external contral of Eqin. 

  

10, 

1. 

1. 

14 

15. 

Emin BIAS  controls the bias for the LLD, The 
voltage required to sweep the full range 1s 0 to 
5 volts, 

NORMAL-EXT. GATE switch: allows the user to 
ensble the display decades with an external gate 
signal, when the DISPLAY-PRESET switch ls in 
MANUAL position. 

GATE INPUT. A +5 volt to +20 volt signal will apen 
the gate and start the count if the NORMAL-EXT 
GATE taput switeh is on EXT and the DISPLAY- 
PRESET switch 15 on MANUAL. 

INVERTED SIGNAL INPUT: provides a moans of 
suppressing (aduced nofse pickup from ground loopa 
when the Input datector 16 remote from the Soaler- 
Timer. A cable Is connectod to the inverted signal 
input with the inner conductor at the other end con- 
nected to ground at the input transducer and with the 
shicld floating. 

SIGNAL INPUT NORMAL: 
e froat pasel. 

  

parallels the INPUT on 

GATE OUTPUT. A +15¥ level appears at the GATE 
QUTPUT when the gate is open. 

+20 VDC: _output, using a TNC comnector, provides 
power 1o the 10600 series of sointllation detectors.   
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Operation - Model 5201L Scaler-Timer 

  

PHA A€ MODE 

  

4   
  

Set PHA MODE selector to & 

Setupper level iscrimnator control o de- 
stred £ E window width), range is from .000 
to+. 5008, 

    

For use as & Manual Spectrometer set lower 
Tevel for desired Eppgy (lower window level), 
range Is 0.05v to 5.0v. 

Sote: All pulses between Eyy and 
Eqgtn+ & ill be totalized by the 
Sealer-Timer. 

  

For use as a Soauning Spectrometer, sel rear 
anel £y, BIASswitoh to dts EXTposition and 
apply exiernal scanning control valtage (0 1o 
5vOlts) t0 Epni BIAS comnector. 

  

* Maxtmum bput Levels. 
ac 
ne: 

Set POLARITY switch to + for sources pro- 
viding posttive input pulscs and - for sources 
providing negative input pulscs. 

For normal signal input: counect inpat signal 
from the source to elther the front INPUTcon~ 
nector or the rear punel NORMAL SIGNAL 
INPUT connector. * 

For guarded sigual tnput: connect a cable from 
the SIGNAL INPUT NORMAL comneetor (rear 
panel) to the stgnal fnput source., Comect 
cable from the SIGNAL INPUT INVERTED can~ 
nector (rear panel) with the Inner conductor at 
the othor end connccted to ground ut the signal 
input source with the shield left floating at the 
stgnal source (not connected to ground). * 

5 volts maximum peak pulse amplitude 
valts de maxdmum level 
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Operation - Model 5201L Sealer-Timer 

  

  
  

PHA [ MODE 

e 

ol o1
 

e
 

St PHA MODE select   rto f iintegeal) 5 

St lower level discriminator level to desired 
el 

  

Note: Al pulses above Eyy will 
be totalized by the Sealer 

  

Set POLARITY swiich to + for sourves pro- 
vidtng posttive input palses and - for sources 
providing negative input pulses, 

* Maxtmam Input Levels, 
AC: 5 volts maximum. 

  

  

For normal signal input: connect nput signal 
fromthe saurce to elther the front INPUT con- 
nector or the rear panel NORMAL 
INPUT conneetor. * 

  

For guarded slgnal Input: connect 2 cable from 
the SIGNAL INPUT NORMAL comncotor {rear 
pancl) to the signal Input source, Comncet a 
cable from the SIGNAL INPUT INVERTED con- 
nector (rear penl) with the inner condustr ot 
the other end connected to ground at the signal 
ioput source with the shleld left floating at the 

jgmal source (ot connected to ground), * 

peak pulse amplitude 
DC: 23 valts de maximum level   
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Operation - Model 5201L Scaler-Timer. 

  

2 

s 

  
  

PRESET TIME OPERATION 

Conneet fnput sgnal nd sot up desired Pulse 
Height Analyzer Mode as deseribed in Figures 
331035 
Turn POWER selector o OX. 

Set DISPLAY-PRESET selector to PRESET 
TIME (SEC or MIN. {The aumber of counts 
‘made for the preset period of time is displayed.) 
Set preset "' switches for desired countiog. 
period in time (SEC or MIY. The decimal 
poiat is positioned to permit reading the "N 
suitoh setting direetly n SEC or MIN. 

  

Select desired SAMPLING MODE. In AUTO 
'SAMPLING MODE the Sealex-Timer will tatal- 
ize and display the count measurement, then 
reset and start the cycle again, In MAN SAM- 
PLING MODE pushing the START puskbutton 
Wil start the counting eyele and the Sealer- 
Timer will totalize the display 4nd hold the 
count measuremant. The Soaler-Timer can 
now eltherbe roset by pushing the RESET push- 
bution and a new counting cycle started or a 
new counting eyele canbe started vithout reset, 
In this case the new count measurementwill be 
added to the previous count measurement. 
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Model 53514 High Voltage Power Supply - Front & Rear Panel Views 
  

  

  

AC Power Switeh, The ac power switeh 
turns instrument ON and OFF. LINE indi- 
cator indicates ac power on. 

  

Voltage Range Selector. The VOLTAGE 
RANGE selector selects the voltage range 
of the power supply in 85 volt steps from 
170 10 1330V, 

  

Vernier Control. The VERNIER control 
provides yoltage adjustment betweenthe 85V 
YOLTAGE RANGE steps.    

Front Panel Meter, The front panel meter 
reads elther the lotal power supply output 
voltage, or (with VERNIER SCALE push- 
button depressed) vernier supply voltage. 

Vornier Scale Push to Read. Pressing the 
VERNIER SCALE pushbutton enables oper- 
ator to read vernier supply voltage on front 
panel meter. 

Polarity Lamps. The POLARITY lamps 
indicate the polarity of the output_voltage, 

) the rear panel POLARITY 

  

10. 

1. 

12, 

Line Voltage Switch. Theline voltage switch 
selects elther 115-V or 230-V ac line; insert 
narrow blade and slide (o the leitfor 115-V; 
or slide to the right for 230-V operation, 
Line Fuse. The line fuse provides over- 
load protection: should be 1 amp for 115V, 
and 12 amp for 230V operation. 
AC Line Comnector. The AC line connector 
connects (o the at plug on power cable. 
Polarity Switch. The POLARITY switch 
selects the polarity of the output voltage at 
the rear panel connectors. 
High Voltage Output. The high voltage outpt 
comnector supplies high voltage to Scintil- 
lation Detectors. Use 105164 high volt- 
age cable which has high voltage BNC con- 
nectors. 

WARNING 
Dangerous voltage may exist on out- 
put jacks, 

Stabilizer Input Only. The stabilizer input 
provides a connectlon for an external sta- 
bilization circuit. 

    
  

omzss AT
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Model 55514 High Voltage Power Supply - Operation 
  

  
      

The Model 5551A High Voltage Power Supply 
provides the high voltage (170V to 1614V at 1 
ma) requirements of the photomultiplier tube in 
a selntillation detector. A VOLTAGE RANGE 
selector switch selects voltage output in85 volt 
steps and a VERNIER control permits voltage 
adjustment between steps. The front panel 

Connect high voltage BNC to BNC cable; one 
end taHIGH VOLTAGE OUTPUT comnector 
and the other endto i Scintillation Detector. 
Set POLARITY (o the positive polarity {+) 
position. 
CAUTION: Useonly high voltage BNCto BNC 
cable (¥ 10516A) which has high voltage 
BNC connectors. 
Set VOLTAGE RANGE to range within 85 
volts (below) of desired voltage. 
Turn AC power on. 

  

  

meter reads the output voltage of the power 
supply, or the vernier supply whenthe VERNIER 
SCALE pushbutton is pressed. The illustration 
below provides a step-by-step procedure for 
operation with Hewlett-Packard scintillation 
detectors (HP 106014, 106024, 106114, 106124, 
106134, or 106144). 

Note: Front panel meter reads the power 
supply output voltage, or the vernier supply 
voliage when the [ront panel VERNIER 
SCALE pushbution is depressed. 

Push VERNIER SCALE pushbatton and ad- 
just VERNIER control for a reading on the 
vernier meter scale equal (o the dilference 
between the desired voltage andthe VOLT- 
AGE RANGE setting. Release the push- 
buttan and the full value of the desired volt   

age will appear on the meter (fixed plus 
variable). 
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Model 106004 Selntillation Detectors - Terminals and Controls 
  

  

I 
2. +20VDC Input Jack. 

  

1. GainSwiteh (LTC-X10-X100). Selects the three 
lexels of gain. The long time constart position 
{LTC) is used when the detector is connected to 
an external linear amplitier, which 15 usually 
required for ish counting rates requiring high 
Fesolution, With the ShOrt fime Constant posi- 
tions, pulses aro shaped to optimize the detec- 
tor's’resolution at figh counting rates on both 
the X10 (zain 10) and X100 (gain 100) positions. 
o provide access to the gain SWitch, unscrew 
andremove the threaded plug. 

4. 502 Output Jack. 

  

The 120 VDC required 
for operation of the preamplifier sectionof the 
detector is comnected to the ~20VDC "TNC" 
connector. 

3. +2000VDC MAX Input Jack. The available high 
voltage required for operationof the photomul- 
tiplier tube is connected tothe +2000VDC MAX 
high voltage BNC comnector. 

CAUTION 
Use only high voltage BNC to BNC cable. 

The 502 output BNC con- 
nector provides positive output signals todrive 
the electronic scaler. Maximum unloaded out- 
puts are: +4 volts for LTC position, +10 volts 
for X10 and X100 positions. 

FOCUS. This contral has been adjusted for 
optimum resolution at the factory. Should fur- 
ther adjustment be required, see adjustment 
procedure, Paragraph 4-9, in the Maintenance 
Section, 

OPERATION 
a. SetGain switch to desired position (LTC- 

X10-X100). Unscrew and remove plug to gain 
access to switch, 

b. Connect TNC to TNC cable from + 20V TNC 
on Scintillation Detector to +20¥ TNC jack on 
rear panel of HP Scaler-Timers, or Scaler 
(5201L, 5202L, or 5203L). 

c. Connect high voltage BNC to BNC cable 
from +2000 V DC MAX BNC jack on Seintilla- 

tion Detector to output BNC jack on HP High 
Voltage Power Supply (35514). 

4. Connect BNC to BNC cable from OUTPUT 
BNC jack on Scintillation Detector toSignal In- 
put BNC jack on Scaler-Timer (5201L, 5303L, 
or 5203L). 

e. Turn on High Voltage Power Supply and 
Scaler-Timer or Scaler.  Adjust High Voltage 
Power Supply for optimum value for a given 
Sample and mode of operation. 
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