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TechnoAP SDD Products: Silicon Drift Detector Adjustment Procedure

1. Ovwverview

This document describes the adjustment procedure for a silicon drift detector using the
APU101X, a DSP-eauipped product manufactured by TechnoAP.,

For details on device connections, parameters, and troubleshooting, please refer to the
respective instruction manuals.

The flow of the adjustment procedure is as follows.

Connection and Settings

!
High Voltage Application and Reset Rate Confirmation
|
Preamplifier Output Signal Polarity and Analog Gain
!
SLOW Pole-Zero Settings
!
FAST Threshold Settings
!
slow rise time and slow flat top time Settings
!
Digital Gain Settings
!
Energy Calibration
!

Measurement using the peak search analysis function
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2. Connection and Settings

o i@
@

DET1

DET4 @J DET2
@ DET3 @’\

DC 12V

500 poui

DCQUTIHIZVI FG DCN#12V)

Back of the SDD detector (Top left: 1 element,
Bottom left: 4 elements, Right: 7 elements).

@ HR30 connector for fan power supply

@ Dsub 9-pin connector for preamp power supply,
Peltier power supply, and HV power supply

@ LEMO connector for preamp signal output

Back and front of APU101X

HR30 connector for fan power supply

Preamip power supply, Peltier power supply, HV
power supply

LEMO connector for preamp output signal input
POWER switch.” O ”.Off, “17.On

DO O

The compact version of APU101X also has the same
functions.

Verify the cables connecting to the detector.

@ HR30 connector cable

@ Dsub9-Dsub15 cable for preamp power supply,
Peltier power supply, and HV power supply

® LEMO cable for preamp signal output

Ensure that the APU101 X is powered off, and
connect the same numbers together.

This is the state after connecting cables @ to 3.
Further connect the following to the APU101X

® LEMO cable for signal output to oscilloscope
The end of the cable is currently unconnected.

® Included power cable for APU101X

@ LAN cable for PC connection
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Turn ON the POWER switch on the front @)

Power is supplied to the APU101X, and the supply of
preamp power and Peltier power to the SDD detector
begins.

¥ Looking at the oscilloscope, it can e confirmed that the
preamplifier output signal sticks near +3V.

If sticking near +3V cannot be confirmed, an albnormality
in the preamplifier power supply is suspected. Immediately
B turn OFF the POWER switch and discontinue use.

5 TechnoAP Co, Ltd.



TechnoAP SDD Products: Silicon Drift Detector Adjustment Procedure

3. High Voltage Application and Reset Rate Confirmation
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mode histogram

meas. mode real time

meas. time 24:00:00

real time 00:00:00

data file sze(byte) 0.000

meas. count o/ 1

quick scan o/ 10

peltier on_|

HV output LoV

HV status shutdown |

set  voltage(V) sweep(V/min)
-168V 400 V/min

calbration  option  HV  wave
_M _M _M mode histogram
meas. mode real time
RN FWVTH | ress. time 24:00:00
real time 00:00:00
0.000  0.000| 4 fig spe(byte)  0.000
0.000 0.000| meas. count o/ 1
0.000  0.000 quick scan 0/ 10
0.000 0.000 peltier on
0.000  0.000| jy oo
0.000  0.000 y gatys Shutdown
0.000 0.000| .o¢ voltage(V) sweep(V/min)
0.000 0.000 -168V 400 V/min

Launch the application and check the "HV” settings.

The polarity of the SDD detector is neg. The high-voltage
power supply is set to apply a voltage of -168V.
The sweep speed is set to 400V/min.

Oscilloscope image before high voltage application (when
OFF).

When starting high voltage application, click the red box
“Hv ON",

During high voltage application, "HV sweep” will light up
on the output as shown in the red box.

The blue box shows the monitor voltage of the currently
applied voltage value.

Example during sweep, reset rate approx. 60 ms.
Gradually expand.

In the case of a transistor reset type preamplifier,

positive polarity can be confirmed if it rises to the
right as shown in the figure.
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Once the high voltage application is complete, the red
box will change to "HV ON”.

Never disconnect cables while high voltage is
applied, Doing so may cause malfunction.

Example after application is complete, reset rate apporox.
130ms.

The reset rate value varies depending on the detector, but
if normal, a value of a few ms to several hundred ms can
be confirmed.

If application does not start even after turning "HV-ON’,
an abnormality in the HV power supply is suspected.
Immediately press "HV-OFF’, tun OFF the POWER
switch, and discontinue use.

Example of albbnormal signal, reset rate approx. 50 us.

If the reset rate is less than 1ms, an abnormality in the
Peltier power supply is suspected. Since there is a risk of
damaging the SDD detector element, immediately execute
"HV-OFF", ensure the HV output has become OV, then
turn off the APU101X power and discontinue use.
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4, Preamplifier Output Signal Polarity and Analog Gain Settings

IP address DAC monitor
192.168.10.128 pre amp -~
J [re amp
slovwr

Dovice——meas—fle——calbration option HV  wave
APUL01X
anialog

analog analog

coarse gain  fine gain

x20 v 128 >
fast

fast threshold

30 =
slow slow

slow flattop slow slow

risetime(ns) time(ns) polezero threshold

800 = 300 S| |75 =i| [10 £

digital digital inhibit

coarse gain  fine gain width (us)

x16 |- 0.5000 = | 10 =
MCA

ADC gain LLD uLD

4095 .- 20 < | (4080 2

mode IP address DAC monitor

histogam . 192.168.10.128 preamp .

Device meas file calbration option HV  wave
APUL01X
analog
analog analog
coarse gain  fine gain
x20 205 >
fast
fast threshold
30 >
slow slow
slow flattop slow slow
risetime(ns) time(ns) polezero threshold
800 = 300 =| |75 =i [10 £
digital digital inhibit
coarse gain  fine gain width (us)
X6 | 0.5000 5| 10 >
MCA
ADC gain LLD uLD
4096 . 20 | (4000 =
mode IP address DAC monitor
histogram - 192.168.10.128 pre amp .

In the application’s Device tab, select “ore amp” as the
monitor signal type in “DAC monitor type”. The type of
waveform output from the monitor will switch to the pre
amp signal.

Disconnect the preamplifier signal currently connected to
the oscilloscope and connect it to the INPUT terminal of
the APU101X, and instead connect the MON terminal to
the oscilloscope.

Adijust the Device tab “analog coarse gain” and “analog
fine gain”.

This is a view of the “preamp” output from the monitor,
with the oscilloscope's vertical and horizontal scales
changed.

“analog fine gain” adjustment. The setting range is 85 to
255, corresponding to xXO5 to x1.5.

The full scale of the APU101X monitor outputis +=1V.

If the energy full-scale range is 30keV, the signal peak of
5899eV@Fe-55 willlbe 197mV.

197 mV = 5899 keV + 30 keV X 1000 mV

With the setting values in the above figure, it can be
confirmed that the wave height is still smalll.

Application screen after adjustment.
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After adjustment, the prominently displayed waveform for
5899 eV of Fe-55 was successfully set to approximately
197 mV.

Based on the above formula, calculate the full-scale
range of the energy of the radiation source to be used
and the energy you want to confirm, to find the optimal
adjustment value.
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5. SLOW Pole-Zero Settings

IP address DAC monitar Select “slow” for the monitor signal type in the application.
192.168.10.128 pre amp - The tye of waveform output from the monitor will switch
4 pre amp to the slow signal.

fast

“slow” is a waveform processed by the Trapezoidal Fitter
based on the preamp signal.

The wave height of “slow” is the energy information itself,

so its adjustment is important.

Before adjustment, this is an oscilloscope image of the
slow signal when the value of the Device tab “slow pole
zero’ is 70 digit.

An overshoot can be olbserved after the fall of the
waveform.

By adiusting the value of “slow pole zero” to 76 digit, it
was possible to create a slow waveform without
overshoot.
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This is the oscilloscope’s voltage range changed from 20
mV to 2 mV. In this state, an undershoot can be
confirmed.

Even if it seemed to be adjusted correctly in the 20 mV
voltage range, it became clear that further adjustment is
needed when switching to the 2 mV range.

When “slow pole zero” was adjusted to 75 digit, the
undershoot disappeared, but a slight overshoot is visible.

The value of “slow pole zero” significantly affects the
energy resolution. Even a difference of 1 or 2 digits has a
large impact, so perform repeated measurements in the
actual environment to find the optimal adjustment value.

Also, the value of “slow pole zero” itself varies depending
on the detector. Always adjust while confirming with an
oscilloscope.
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6. FAST Threshold Settings

mode IP address
histogram - 192.168.10.128
list
wave
quick scan
g: inputtotsl  throughput  inputtotsl throughput  pileup dead time
No. count count rate(cps)  rate(cps)  rate(cps) ratio[%)

CHL :© 10.952M 114.503k |182.568k 1.978k 0.000 0.0

DSP

ADC
DATA —+
16bit

Trapezoidal
filter

e ~
fast inputtotal  throughput
trlgge@ X sodigit rate(cps)  rate(cps)
o
h 4
e ~
input total  throughput
@ 100digit rate(cps)  rate(cps)
A 2966k 1912k
(N J
s ~
inputtotal throughput
@ O 140aigit rate{cps)  rate(cps)
1845k 1842k
-

The FAST function generates a FAST system fitter
waveform by differentiating and integrating the captured
preamplifier output signal in a timing filter amplifier circuit.
Based on that waveform, when it exceeds this threshold,
it acquires the timing for obtaining time information at that
point and the timing for starting waveform generation in
the spectroscopy amplifier circuit.

This setting is mainly related to time acguisition
(timestamp).

From the Device tab, set the mode to “histogram” and
start the measurement.

Paying attention to the CH at the top of the application, it
was confirmed that the count rates are unbalanced, with
an “input total rate” of approx. 182 keps compared to a
“throughput rate” of approx. 1.9 keps.

This phenomenon is a state where the “fast trigger
threshold”, which is the threshold for the fast signal, is set
too low, making it easier to detect noise and resulting in
numerous counts, Figure M

By gradually increasing the “fast threshold” value in the
Device tab and setting it to 140 digit, the “input total rate”
and “throughput rate” settled to a similar level. Figure G

The “fast threshold” value also varies depending on the
detector. While monitoring the “input total rate”, set it a few
digits higher than the noise level boundary where the
value drastically increases.
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(. slow rise time and slow flat top time Settings

Slow Slow
rise tmie flat top time
300 ns 300 ns
500 ns 300 ns
800 ns 300 s
1000 ns 300 ns

2000 ns 300 ns

slow

+rise time+—flatton-tinne——

slow:

Defauit

The settings for “slow rise time” and “slow flat top time”
are also highly influential setting values for obtaining good
energy resolution measurements,

If set shorter, the throughput increases, enabling higher
count rate measurements, but the energy resolution
decreases.

Conversely, if set too long, the energy resolution is good,
but the throughput decreases, leading to a tendency of
not being able to gain counts.

As a guideling, the setting value for the “slow flat top time”
should be approximately twice the slowest O to 100% rise
(or fall time of the preamplifier output signal. The default
setting is 300 ns,

For the optimal setting values depending on the
customer's own measurement environment, based on
the default values, change the values of “slow rise time”
from 100 ns to 10 us, and “slow flat top time” from 100
ns to 400 ns, perform repeated measurements, and it
becomes necessary to understand the dependence of
resolution on both parameters.

13 TechnoAP Co, Ltd.



TechnoAP SDD Products: Silicon Drift Detector Adjustment Procedure

8. Digital

unit of x axis

OeVv OkeV Omanual O file

Gain Settings

~mrErmid il el fel=t a1
ROI centroid(ch) energy
ROT1 - 807.22 - 5895
1 - A
ROI2 - 3586.81 6490
Device  meas file calbration option HV = wave
APUL01X
analog
analog analog
coarse gain  fine gain
X20 205 >
fast
fast threshold
30 >
slow flattop slow slow
risetime(ns) time(ns} polezero threshold
800 = 300 Sl VA >| [10 .
digital digital inhibit
coarse gain  fine gain width (us)
X16 |+ 0.5000 | 10 >
MCA
ADC gain LLD uLD
4096 . 20 | (4000 =
mode IP address DAC monitor
histogram |- 192.168.10.128 pre amp .
peak gross gross net net  FWHM FWHM  FWHM FWTM
(count) (count) (eps)  (count)  (eps) (ch) (%)

ROI

ROl | pesk feentroid
Mo (chy | (h)
roi 535 |535.71

ROI

ROT | pesk Jeentroid pesk
Ne. (ch) | (ch) {count}
ron 4 805 [824.14 515.000

9.504k 126.840k

2114k 125.778k 2,096k 124 2.319 136.713 248.177

gross  gross net et FWHM FWHM  FWHM  FWTH
(count)  {cps) (count} (cps)  (ch) (%)
12360k 68.667 12360k 68.667 16.6 2.062 121.539 230.294

From the Device tab, set the mode to “histogram” and
start the measurement.

Check the “ch” box in calibration.

Adjust the digital gain to match the full scale of the analog
gain, Change the setting values and repeat Stop —> config
- clear - start.

If you want to adjust the energy full scale to 30 keV, when
the ADC gain (the fineness of the X-axis) is 4096. adjust
so that the spectrum peak of 5899 eVAFe-55 stands at
approximately 805 ch.

805ch = 5899 keV + 30keV X 4095 ch

With the setting values in the above figure, it can e
confirmed that the peak position is still low.

After adjustment, it can be confirmed that the peak
position has become an appropriate value.
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9. Energy Calibration

Device meas file calbration option HV  wave
ROI  |ROIstart |ROIend energy  [pauss
ROI CH (ev) (eV) (eV) itting
1 [cH1 v ||s671.5 5| 6112.6 5f(seos &
2 cH1 - ||6267 4l 67081 4|/e4c0 &
3 |cH1 v ||25903.4 4| 26785.6 | 26334 &
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e O Ok ©

centroid{ch) energy (V)
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ROT  pesk centroid peak gros  gross net net  FWHM PWHM
o () () fcount) fcoun) (ps)  coun) (o) () (%)
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ROIL: 677 67670 10.618k 166.706k 2778k 163.042k 2717k 145 2.166

127.666 235.772]

ROIZ: 743 74385 1737k 30.550k 509.167 27.290k 454.842 156 2116

137.300 248.179)

Energy calibration is a calibration that converts the scale of the
X-axis from units like ch to keV when an ROl is set for a peak
of a known energy.

Display the calibration tab of the application.

For example, when using Fe-55 and Am-241 sources, enter
the known energy in the energy column as shown in the red
box.

Enter the ch information into the blue-framed "ROI start” and
the yellow-framed “ROI end” while checking the spectrum.
Alternmatively, you can set them by dragging the ROl lines on the
spectrum with your mouse.

This is the spectrum after entering numerical values for ROI
start and ROl end. Vertical lines indicating ROl start and end are
displayed across the peak.

Perform energy calibration based on two points of known
energy. 5899 eV and 26344 eV.

Select ROI1 (5899 eV) and ROIB (26344 ¢V) in the RO
selection in the red box.

When the eV box in the blue box is checked, energy calibration
using the linear equation ax+bo was achieved as shown in the
green box, based on the information from ROI1 and ROIS.

The X-axis of the spectrum was converted to energy units.
Regarding the maximum value, compared to 4095 for ch, it
became 30273 eV after calibration.

Once the calibration is complete, the FWHM and FWTM in the
red box of the ROl information at the top right of the application
will be converted from numerical values in ch to humerical
values in keV.

In particular, the half-width energy of 5899 eV@Fe-55 is cited
as an indicator of the quality of the SDD detector and
measurement module.

5899 eV was set for ROI1. The energy resolution is shown as
127666 eV.

Depending on the environment, please ensure that it is
generally less than 135 eV.
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1 0. Measurement using the peak search analysis function

A APP-MEAS Version7.0.0
File Edit Graph Clear Start Stop

model APULO1X gauss fit analysis

peak search analysis

CH
CH

input rate  throughy
No. (cps) rate(cps auto threshold
1 0.000 0.00

spectrum calculation
create calibration file

Open peak search analysis.

Click “Tool - peak search analysis”.

dead time
s ratio(%)

) 0.0

Eome

Gkubtion
lock energy
ck enery

gross
(eount)

net FWHM

centroid FVHM
(ev) (count) (ch) V)

(ev]

ANTH
(ev}

5699.5) sesg.4] 3230756 316716k 1ea]  aze0s0] 2

0.000] *

Si511]  si935] sesia] 53224 0] _i3ieu] 2

5723]

BA[| 26353.2] 263528 13837k 12.993% 29.4] _263.270

480.608

O[] 3s703] s1622] 1.157k] 1.157%] 133 119.435] 21

4138.5] 4138.4 3.387k | 1.137x] 10.6] 95.012] 17

3447

A peak search analysis Version 1.4.3

open peak search file Cirl+O
open histogram file  Cirl+Shift+Q  Indard deviation
open trend file lgma -
save peak search file Cirl+5 Ldste interval
save image Ctrl+l —— _T
close Cirl+W start
calibration select  PWHM(ch)
© manual 10 = clear all locks
(O file El nat

=y

The peak search analysis screen will open.
The figure is an enlarged view of the vicinity of 5899 eV and
6490 eV of Fe-55.

Since it will be used in real-time during measurement this time,
“online” was selected for the data source in the orange box.

Start the measurement from the main application in this state.
When started, the automatic updating of the histogram wiill
begin, and peaks caught by the peak search will be
successively added to the calculation column.

You can view the calculated values of each peak using the
scroll bar in the red box.

The updating of the histogram begins, and it can be seen that
a Gaussian fit (red) is applied to the raw data (black) as shown
in the figure.

When checked as shown in the red box, the calculation results
are retained on the upper side.

Various information such as energy resolution, error, and count
rate can be obtained from the calculation results.

This time, in a 2-minute Mmeasurement, it can be seen that a
good energy resolution of 12604 eV was obtained for 5899
eV.

Peak search analysis also has a function to read and reconfirm
previously acquired data.

You can load a file by selecting “offline” for the data source and
selecting “File-open histogram file”.
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