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Science Motivation	


•  Incredibly stable luminosity in visible, infrared, and 

near-UV wavelengths (variations of ~0.01% per year, 
~0.1% per 11-year cycle)	



•  Highly variable in EUV and X-rays (variations of 1 to 
many orders of magnitude over days, hours, or even 
minutes)	



•  We have many spectrally-resolved measurements in 
EUV (>60 Å = <0.2 keV) and X-rays (<4 Å = >3 keV)	



•  But between these ranges, very few spectral 
measurements… mostly integrated broadband	



•  So we know the total energy radiated in wide energy/
wavelength bands, but we don’t know the distribution of 
the radiated energy…	



2012/10/30	

 EVE Calibration Workshop (Yosemite, CA)	

 2	





Science Motivation	



•  X-rays much more variable than EUV	


•  Disagreement in intensities between similar instruments	



2012/10/30	

 EVE Calibration Workshop (Yosemite, CA)	

 3	





Science Motivation	


•  Same 0-7 nm irradiance but very 

different spectra (AR versus flare)	


•  Earth’s atmospheric cross sections 

are steep in the 0-7 nm range	


•  Consequently, the 0-7 nm solar 

radiation is deposited into 
different layers of the atmosphere	
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XPS scales Chianti model spectra to its own measured broad band irradiance 
and then combines these models to generate	


the XPS Level 	


4 spectrum. 	



XPS Model	
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Science Motivation	
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Instrument Requirements	


•  Amptek X123 X-ray spectrometer package:	



–  8 µm beryllium (Be) window & 500 µm Silicon Drift 
Detector (SDD), measures from ~0.5 keV (~24 Å) to 
>~30 keV (~0.4 Å) with ~0.15 keV FWHM resolution	



–  Package is a complete system, including detector, 
thermo-electric cooler, high-voltage power supply, 
microprocessor, and interface	



–  7 x 10 x 2.5 cm (1/8 U), 180 g, 2.5-5 W, $11K	
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8.2 UNDERSTANDING THE DETECTOR AND PREAMPLIFIER 
The heart of the X-123SDD is the detector hybrid, shown to the right.  

The detector is a diode.  In the X-123SDD, the detector is a silicon drift 
diode, a diode with a unique electrode structure.  Amptek’s other products 
utilize conventional, planar silicon PIN diodes or CdTe Schottky diodes.  
These diodes are available with areas of 5 to 25 mm2 and thicknesses from 
300 to 1000 m. 

The detector is mounted on a thermoelectric cooler, along with key 
preamplifier components, including the input FET.  The cooler, which can 
achieve an 85 C temperature differential, reduces electronic noise without 
requiring cryogenics.  A temperature monitor is also on the substrate, to 
control the temperature for stable operation.   Vacuum is required inside the 
TO-8 package to achieve this T.  The heat extracted by the cooler is 
conducted to the mounting stud. 

The detector is mounted behind a thin Be window (1/2 or 1/3 mil).  An internal collimator is also located 
above the detector, to restrict the incident X-rays to the active volume of the detector.  

8.2.1 Design and Operation 

Detector Operation  

Figure 8-3 shows sketches of a conventional Si-PIN photodiode (left) and a silicon drift diode (right).  
The CdTe Schottky diodes have the same structure as the Si-PIN.  In the Si-PIN, there are two planar 
contacts with a uniform electric field between them.  An X-ray interacts at some location, ionizing the Si 
atoms and producing electron-hole pairs.  The electric field sweeps the carriers to their respective contacts, 
causing a transient current pulse I(t) to flow through the diode.  The current is integrated onto the feedback 
capacitor CF, producing an output voltage V(t)= I(t)dt. 

The SDD uses a planar cathode but the anode is very small and surrounded by a series of electrodes.  
The SDD is cylindrically symmetric, so the anode is a small circle and the drift electrodes are annular.  These 
electrodes are biased to create an electric field which guides the electrons through the detector, where they 
are collected at the anode, producing a transient current pulse I(t) just like the Si-PIN.  The rest of the signal 
processing electronics is nearly identical to that used with the Si-PIN diode.  The key difference is the small 
area of the anode keeps the capacitance very small and independent of detector area.  This is important 
because the dominant noise source in silicon X-ray spectroscopy is voltage noise, which is proportional to 
the total input capacitance and increases at short shaping times.  The SDD, with its low capacitance, has 
lower noise, particularly at very short shaping times. 
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Figure 8-3.  Sketch of conventional Si-PIN photodiode (left) and silicon drift diode (SDD) right. 

Detector Reset 

When a preamp integrates the input current, as sketched above, its output will eventually saturate.  The 
X-123SDD uses reset circuit to periodically restore the input charge.  Figure 8-4 (a) shows voltage steps 
from two interactions.  The output is constant between steps but eventually the preamp output will saturate.  
The reset circuit then produces a current pulse to restore the output to its initial value.  Figure 8-4 (b) shows 
the output of a reset preamp over a very long time:  many small steps of a few mV each causes the output to 
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8 UNDERSTANDING THE X-123SDD 

8.1 UNDERSTANDING THE COMPLETE SYSTEM 
Figure 8-1 is a block diagram of the X-123SDD.  The key elements include (1) the detector, (2) the 

preamplifier, (3) the digital pulse processor, (4) the power supplies, (5) the packaging or enclosure for the 
system, and (6) the computer running software for instrument control, data acquisition, and data analysis.  All 
X-ray spectroscopy systems contain these basic elements. 

This section provides a summary of the purpose and operation of each of these elements, to assist 
users in understanding how to optimize the system configuration for any particular application.  Details on the 
electrical interfaces and on software configuration settings are given in later sections. 
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Figure 8-1.  Block diagram of the X-123SDD. 

Amptek, Inc. provides a family of spectroscopy products, all built around the basic elements illustrated in 
Figure 8-1.  In brief, all include a detector, a preamp, a DPP, and power supplies.  There are several different 
detectors, optimized for different applications.  This includes Si-PIN, SDD, and CdTe diodes, along with 
scintillators/PMT units. The components are also available in several packaging options: integrated in a 
single package (as in the X-123 or GammaRad), as a separated preamp and signal processor/power supply 
(XR100 and PX4), or as printed circuit boards which users integrate into their own products.  The signal 
processor can also be used with other detectors, e.g. proportional counters.  Amptek now provides two 
generations of the core digital processor, the DP4 and DP5, packaged into the PX4 and PX5 (PX5 will be 
available soon). 

The discussion in this section applies to all of the products which are based on the DP5 generation of 
digital processor, including the PX5, X-123SDD, etc.  We will refer to the digital processing logic as the 
“digital pulse processor” or DPP, which may be the DP5 circuit board itself or the same logic running in the 
PX5.  The first generation DP4 family is very similar in overall operation, although there have been many 
enhancements to performance and many changes to the interface details.   

Theory of Operation 

When an X-ray photon interacts in the detector, it generates electron-hole pairs.  The signal charge Qsig 
is proportional to the energy deposited: in silicon, one electron-hole pair is formed for each 3.6 eV deposited.  
A 5.9 keV X-ray, for example, produces about 1,640 electron hole pairs (2.6x10-16 coulombs). The signal 
processing electronics measures the charge (and therefore the energy) deposited by each X-ray.  A second 
stage of the electronics accumulates the results of many such discrete interactions, producing the energy 
spectrum, a histogram showing how many interactions deposited energy within many energy bins.  The 
electronics also measure the total count rate.  Figure 8-2 shows the key components in the system: the 
detector, the preamplifier, a shaping amplifier, and pulse analysis electronics. 

 The detector is a diode, with a bias voltage applied to sweep the electron-hole pairs into the 
electronics.  Each X-ray interaction produces a pulse of current through the detector, input to the 
charge sensitive preamplifier (a.k.a. the preamp).  In Amptek’s XR100 family of products, the detector 
is mounted on a thermoelectric cooler.  This reduces the electronic noise significantly, without the 
need for cryogenic cooling.  The silicon drift diode (SDD) is a special type of diode, using a unique 
electrode structure to improve performance. 
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increases at high count rate.  The dead time is related to the peaking time, so to operate at high count rates, 
a short peaking time is desirable.  As the previous section showed, short peaking times lead to increased 
electronic noise so there exists a trade-off, depicted in the figure below.  One should not operate beyond the 
“maximum output count rate” curve. 

  
Figure 8-6. Plot showing resolution versus count rate, as a function of peaking time, measured at 5. 9 keV. 

Sensitivity 

Figure 8-7 shows the sensitivity of the SDD as a function of energy.  The efficiency is >25% from 
approximately 1 to 25 keV.  At lower energies, the efficiency is limited by the Be window: lower energy X-
rays are stopped in the window.  At higher energies, the efficiency is limited by the interaction probability in 
the silicon: many X-rays pass through without interacting. 
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Figure 8-7.  Plot showing the efficiency as a function of energy for the SDD 

The SDD can certainly be used outside of the 1 to 25 keV range but one must correct for the losses.  At 
low energies, accurate correction is difficult.  Attenuation in air is very significant; the data in Figure 8-6 
neglect air losses, and at 1 keV, only 1 cm of air will stop 90% of the X-rays.  The geometric area of the 
detector is obviously important in determining the total or absolute sensitivity of a detector. 
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X123 – SDD principles	
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8.2 UNDERSTANDING THE DETECTOR AND PREAMPLIFIER 
The heart of the X-123SDD is the detector hybrid, shown to the right.  

The detector is a diode.  In the X-123SDD, the detector is a silicon drift 
diode, a diode with a unique electrode structure.  Amptek’s other products 
utilize conventional, planar silicon PIN diodes or CdTe Schottky diodes.  
These diodes are available with areas of 5 to 25 mm2 and thicknesses from 
300 to 1000 m. 

The detector is mounted on a thermoelectric cooler, along with key 
preamplifier components, including the input FET.  The cooler, which can 
achieve an 85 C temperature differential, reduces electronic noise without 
requiring cryogenics.  A temperature monitor is also on the substrate, to 
control the temperature for stable operation.   Vacuum is required inside the 
TO-8 package to achieve this T.  The heat extracted by the cooler is 
conducted to the mounting stud. 

The detector is mounted behind a thin Be window (1/2 or 1/3 mil).  An internal collimator is also located 
above the detector, to restrict the incident X-rays to the active volume of the detector.  

8.2.1 Design and Operation 

Detector Operation  

Figure 8-3 shows sketches of a conventional Si-PIN photodiode (left) and a silicon drift diode (right).  
The CdTe Schottky diodes have the same structure as the Si-PIN.  In the Si-PIN, there are two planar 
contacts with a uniform electric field between them.  An X-ray interacts at some location, ionizing the Si 
atoms and producing electron-hole pairs.  The electric field sweeps the carriers to their respective contacts, 
causing a transient current pulse I(t) to flow through the diode.  The current is integrated onto the feedback 
capacitor CF, producing an output voltage V(t)= I(t)dt. 

The SDD uses a planar cathode but the anode is very small and surrounded by a series of electrodes.  
The SDD is cylindrically symmetric, so the anode is a small circle and the drift electrodes are annular.  These 
electrodes are biased to create an electric field which guides the electrons through the detector, where they 
are collected at the anode, producing a transient current pulse I(t) just like the Si-PIN.  The rest of the signal 
processing electronics is nearly identical to that used with the Si-PIN diode.  The key difference is the small 
area of the anode keeps the capacitance very small and independent of detector area.  This is important 
because the dominant noise source in silicon X-ray spectroscopy is voltage noise, which is proportional to 
the total input capacitance and increases at short shaping times.  The SDD, with its low capacitance, has 
lower noise, particularly at very short shaping times. 
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Figure 8-3.  Sketch of conventional Si-PIN photodiode (left) and silicon drift diode (SDD) right. 

Detector Reset 

When a preamp integrates the input current, as sketched above, its output will eventually saturate.  The 
X-123SDD uses reset circuit to periodically restore the input charge.  Figure 8-4 (a) shows voltage steps 
from two interactions.  The output is constant between steps but eventually the preamp output will saturate.  
The reset circuit then produces a current pulse to restore the output to its initial value.  Figure 8-4 (b) shows 
the output of a reset preamp over a very long time:  many small steps of a few mV each causes the output to 
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 The preamp produces a voltage step, with magnitude V proportional to the deposited charge.  In the 
XR-123SDD, the conversion gain is 1 mV/keV, so these steps are a few millivolts in magnitude.  Each 
preamp step rides on a baseline which can be several volts and has significant random noise. 

 The shaping amplifier converts the preamplifier output signal into a form suitable for measurements, 
producing an output pulse with pulse height Vpeak proportional to the deposited charge Q.  Since 
deposited energy is proportional to pulse height, pulse height analysis can be used to analyze the 
energy spectrum.  The shaping amplifier has three primary roles:  (1) separate the V step from the 
larger but slowly varying baseline from the preamp, (2) amplify the V values into a range which can 
be digitized accurately, and (3) filter out the random electronic noise.   

In Amptek’s DPP family, the shaping is done digitally since digital filters provide significant 
performance advantages over more traditional analog shaping schemes.  The preamp output 
undergoes some analog filtering (to enable accurate digitization) and this is digitized at a high rate 
(20 to 80 MHz).  This waveform then passes through a digital filter which implements the shaping 
and peak detect functions.  This is implemented in an FPGA in near real-time via pipeline logic. 

 The pulse analysis electronics use the measured peak heights to produce the histogram (or 
spectrum).  This component includes logic to accept or reject events, using various criteria, to 
measure count rates, and to produce several auxiliary outputs. 
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Figure 8-2.  Schematic diagram of an X-ray spectroscopy system.  Typical outputs from each stage of the 
processing electronics (for a single pulse) are also sketched . 

Along with these “core” components, a complete system must include power supplies, hardware and 
software to data acquisition, data analysis, and instrument control, and mechanical packaging.  The X123 
integrates all of these functions into a compact, low power complete system. 
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X123 – Resolution	


•  Accuracy of energy determination (pulse height 

measurement) is limited by noise, both systematic 
(instrumental) and statistical	
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8.2.2 Performance 

Energy Resolution 

The energy resolution is one of the most important performance parameters in a spectrometer: two X-
ray lines separated by more than the resolution can be separately identified.  There are general scaling rules 
which are useful to understand when one is selecting a detector and optimizing system configuration.  The 
resolution E usually expressed in eV FWHM and is given by 

2 2 2
FANOE ENC E  

where ENC is the equivalent noise charge and EFANO is Fano broadening.  Fano broadening arises from 
statistical fluctuations in the interaction of the X-ray with the silicon.  It is a fundamental limit of a material.  In 
silicon, it is 118 eV FWHM at 5.9 keV and scales as E.  This is the resolution of a noiseless signal 
processor.  Figure 8-5 shows the resolution of a spectrometer versus energy for an SDD. 

 
Figure 8-5.  Plot showing resolution versus energy and time constant for an SDD at maximum cooling..  A Si-
PIN exhibits a similar set of curves but the resolution degrades more rapidly at short peaking times. 

The electronic noise is given by  

2 2 delta
In pink dark step peak

peak

kTAENC C A I A  

where Cin is the detector capacitance, peak is the peaking time of the signal processor, T is the temperature, 
Idark is the leakage current through the diode, and Adelta, Apink, and Astep are characterize the electronics 
(including terms due to the preamplifier and to the shaping amplifier).  The key points are: 

 At short peaking times, the noise increases rapidly with capacitance and increases as the peaking 
time is reduced.  For Si-PIN diodes, the capacitance scales with area, so large area detectors exhibit 
more noise.  For SDDs, the capacitance is much lower and nearly independent of area.  This noise is 
only weakly dependent on temperature. 

 At long peaking times, the noise increases with peaking times and with leakage current.  Since 
leakage current increases exponentially with temperature, reducing temperature helps dramatically. 

 There will always be some peaking time at which the noise is a minimum, where the delta and step 
terms are equal.  There is no advantage to operating at a longer peaking time.  The optimum time 
constant is shorter for lower capacitance and longer for low leakage currents. 

High Count Rates 

Each interaction produces a pulse.  If a second interaction occurs after a very brief period of time, the 
two pulses overlap in time.  This pulse pile-up may lead to a single distorted pulse, in which the pulse height 
of neither can be measured, and may lead to pulses which are detected.  Because the timing of the X-ray 
emission is stochastic, there is always some probability that pulses will overlap.  This probability obviously 
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X123 – Gain	


•  Gain scales directly between input photon 

energy (pulse height) and output channel	


•  System gain (channels/keV) is product of:	



– Preamp gain (1 mV/keV)	


– Amplifier gain (unitless)	


– MCA gain (channels/950 mV)	



•  Example:	


–  (1 mV/keV) * (31.6) * (1024 channels / 950 keV) 

= 34.1 channels/keV (or 29 eV/channel)	


– Full scale = (1024 ch) / (34.1 ch/keV) = 30 keV	
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X123 – Gain	


•  Gain values are “known” but approximate… 

they need to be characterized in the lab using 
known sources	
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X123 – Signal chain	
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8.3 UNDERSTANDING THE DIGITAL PROCESSOR 

8.3.1 Major Function Blocks 
Figure 8-9 shows how a Digital Pulse Processor (DPP) is used in the complete signal processing chain 

of a nuclear instrumentation system and its main function blocks.  The DPP digitizes the preamplifier output, 
applies real-time digital processing to the signal, detects the peak amplitude (digitally), and bins this value in 
its histogramming memory, generating an energy spectrum.  Pulse selection logic can reject pulses from the 
spectrum, using a variety of criteria.  The spectrum is then transmitted over the DPP’s interface to the user’s 
computer. 
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Figure 8-9.  Block diagram of a Digital Pulse Processor (DPP) in a complete system. 

Analog Prefilter:  The input to the DP5 is the output of a charge sensitive preamplifier.  The analog prefilter 
circuit prepares this signal for accurate digitization.  The main functions of this circuit are (1) applying 
appropriate gain and offset to utilize the dynamic range of the ADC, and (2) carrying out some filtering and 
pulse shaping functions to optimize the digitization. 

ADC:  The 12-bit ADC digitizes the output of the analog prefilter at a 20 or 80 MHz rate.  This stream of 
digitized values is sent, in real time, into the digital pulse shaper. 

Digital Pulse Shaper:  The ADC output is processed continuously using a pipeline architecture to generate 
a real time shaped pulse.  This carries out pulse shaping as in any other shaping amplifier.  The shaped 
pulse is a purely digital entity.  Its output can be routed to a DAC, for diagnostic purposes, but this is not 
necessary.   

There are two are two parallel signal processing paths inside the DPP, the “fast” and “slow” channels, 
optimized to obtain different data about the incoming pulse train.  The “slow” channel, which has a long 
shaping time constant, is optimized to obtain accurate pulse heights.  The peak value for each pulse in the 
slow channel, a single digital quantity, is the primary output of the pulse shaper.  The “fast” channel is 
optimized to obtain timing information: detecting pulses which overlap in the slow channel, measuring the 
incoming count rate, measuring pulse risetimes, etc. and to obtain  

Pulse Selection Logic:  The pulse selection logic rejects pulses for which an accurate measurement cannot 
be made.  It includes pile-up rejection, risetime discrimination, logic for an external gating signal, etc. 

Histogram Memory:  The histogram memory operates as in a traditional MCA.  When a pulse occurs with a 
particular peak value, a counter in a corresponding memory location is incremented.  The result is a 
histogram, an array containing, in each cell, the number of events with the corresponding peak value.  This is 
the energy spectrum and is the primary output of the DPP.  The unit also includes several counters, counting 
the total number of selected pulses but also counting input pulses, rejected events, etc.  Auxiliary outputs 
include eight different single channel analyzers, and both a DAC output and two digital outputs showing 
pulse shapes selected from several points in the signal processing chain. 

Interface:  The DP5 includes hardware and software to interface between these various functions and the 
user’s computer.  A primary function of the interface is to transmit the spectrum to the user.  The interface 
also controls data acquisition, by starting and stopping the processing and by clearing the histogram 
memory. It also controls certain aspects of the analog and digital shaping, for example setting the analog 
gain or the pulse shaping time.  The DPP includes USB, RS232, and Ethernet interfaces. 

The DP5 also includes a power interface.  It takes a loosely regulated 5VDC input and generates the various 
levels required by the circuitry (+/- 5.5V, 3.3V, 2.5V). 
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8.3.3 Pulse Shaping  

Slow Channel 

The “slow channel” of the DPP is optimized for accurate pulse height measurements.  It utilizes 
trapezoidal pulse shaping, with a typical output pulse shape shown in Figure 8-13.  This shape provides a 
near optimum signal to noise ratio for many detectors.  Relative to conventional analog shapers, the 
trapezoid provides lower electronic noise and, simultaneously, reduced pulse pile-up. 

 
Figure 8-13.  Pulse shape produced by the DPP. 

The user can adjust the rise/fall time (the rise and fall must be equal) and the duration of the flat top 
over many steps.  A semi-Gaussian amplifier with shaping time  has a peaking time of 2.2  and is 
comparable in performance with the trapezoidal shape of the same peaking time.  A DPP with 2.4 sec 
peaking time will be roughly equivalent to a semi-Gaussian shaper with a 1 sec time constant.  

Adjusting the peaking time is a very important element in optimizing the system configuration.  There is 
usually a trade-off: the shortest peaking times minimize dead time, yielding high throughput and 
accommodating high count rates, but the electronic noise usually increases at short peaking times.  The 
optimum setting will depend strongly on the detector and preamplifier but also on the measurement goals.  
The electronic noise of a detector will generally have a minimum at some peaking time, the “noise corner.”  
At peaking times shorter or longer than this, there is more noise and hence degraded resolution.  If this 
peaking time is long relative to the rate of incoming counts, then pulse pile-up will occur.  In general, a 
detector should be operated at a peaking time at the noise corner, or below the noise corner as necessary to 
accommodate higher count rates.   

If the risetime from the preamp is long compared with this peaking time, then the output pulses will be 
distorted by ballistic deficit.  In this case, the trapezoidal flat top can be extended to improve the spectrum.  
The specific optimum timing characteristics will vary from one type of detector to the next and on the details 
of a particular application, e.g. the incoming count rate.  The user is encouraged to test the variation of 
performance on these characteristics. 

Fast Channel 

The DPP’s “fast channel” is optimized to detect pulses which overlap in the “slow channel”.  The fast 
channel is used for pile-up reject logic (rejecting pulses which are so closely spaced that they cannot be 
distinguished in the slow channel) and for determining the true incoming count rate (correcting for events lost 
in the dead time of the slow channel).  The fast channel also utilizes trapezoidal shaping, but the peaking 
time is commendable to either 100 nsec or 400 nsec.  The oscilloscope traces in Figure 8-14 show the 
measured pulse shapes with a 100 nsec peaking time.  As seen on the right, pulses which are separated by 
only 120 nsec are separately counted in the fast channel. 
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X123 – Pulse pile-up	


•  Pulse shaper has finite shaping time; choice of shaping time 

affects resolution – short times increase noise but are 
preferable for high count rates	



•  If multiple photons (pulses) arrive within the shaping time, 
they will “pile up” and distort the resultant pulse height	



•  Parallel fast and slow channels allow discrimination of 
piled-up pulses, to mitigate this problem	
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Rejection (PUR) logic identifies events which overlap in the slow channel but are separated in the fast 
channel.  (3)  Rise Time Discrimination (RTD) uses the amplitude of the fast channel signal to measure the 
current at the beginning of a pulse.  PUR and RTD are discussed in more detail below.   

Properly setting these thresholds is very important for getting the best performance from the DPP.  
Under most circumstances, the thresholds should be set just above the noise, and the ADMCA software 
includes an “AutoTune” function to set these.  Improperly set thresholds are responsible for a large number 
of problems reported by customers.  If the fast channel threshold is too low, for example, and PUR is 
enabled, then every event will be rejected and so there appears to be no signal.  If the slow channel 
threshold is too high, then it is also possible to reject all events. 

Pile-Up Rejection 

The goal of the pile-up reject (PUR) logic is to determine if two interactions occurred so close together in 
time that they appear as a single output pulse with a distorted amplitude.  The DPP PUR uses a “fast-slow” 
system, in which the pulses are processed by a fast shaping channel in parallel with the slower main channel 
(both channels are purely digital).  Though similar in principle to the techniques of an analog shaper, the pile-
up reject circuitry and the dead time of the DPP differ in significant ways, resulting in much better 
performance at high count rates.  First, the symmetry of the shaped pulse permits the dead time and pile-up 
interval to be much shorter.  Second, there is no dead time associated with peak acquisition and digitization, 
only that due to the pulse shaping. 

Figure 8-15 illustrates the operation of the DPP for pulses that occur close in time.  Figure 8-15 (a) 
shows two events that are separated by less than the rise time of the shaped signal, while Figure 8-15 (b) 
shows two pulses that are separated by slightly longer than the rise time.  In (a), the output is the sum of the 
two signals (note that the signal amplitude is larger than the individual events in (b)) and the events are said 
to be piled up.  However, note that the analog prefilter outputs in (a) are separate.  For a nearly triangular 
shape, pile-up only occurs if the two events are separated by less than the peaking time, in which case a 
single peak is observed for the two events.  The interval used by the DPP for both dead time and pile-up 
rejection is the sum of risetime and the flat-top duration.  If two events occur within this interval and pile-up 
rejection is disabled, then the single, piled-up value is in the spectrum.  If pile-up rejection is enabled and two 
events are separated by more than the fast channel pulse pair resolution (120 nsec) and less than this 
interval, both are rejected.  Events that exceed a threshold in the fast channel trigger the pile-up reject logic. 

     
(a)                                                                                  (b) 

Figure 8-15.  Oscilloscope traces illustrating the dead time and pile-up reject performance of the DPP 

Reset Lockout 

As discussed previously, many preamps use pulsed reset to prevent saturation of the preamp output.  
The reset generates a very large signal in the DPP, causing its amplifiers to saturate, registers to overflow, 
etc.  The DPP therefore includes a reset detect circuit (which detects a very large, negative going pulse) and 
logic to lock out signal processing for some time following the reset, to give time for everything to return to 
stable values.  The DPP permits the user to enable or disable reset (it should be disabled for preamps with 
continuous feedback).  The user can also select the time interval during which the signal is locked out.  If the 
interval chosen is too short, then there will be some distortion of the waveform (and thus spectrum) following 
reset.  At high count rates the reset pulses occur frequently, and if the interval chosen is too long, then a 
significant dead time is observed. 
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X123 – Example output	


•  Spectrum shows broadening (noise), pile-up 

(additional peaks), and other effects (escape 
peaks, scattering, etc.)	


–  Imperative to understand the detector response (e.g. 

modeled via GEANT) to be able to translate from 
measured counts back to input photons	
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1 INTRODUCTION 

1.1 DESCRIPTION  
The X-123SDD combines in a single package Amptek’s high performance X-ray spectroscopy 

components: (1) the XR-100SDD silicon drift X-ray detector and preamplifier, (2) the DP5 digital pulse 
processor and MCA, and (3) the PC5 power supply. The result is a complete system which can fit in your 
hand with no performance compromise.  It requires only +5 VDC power and a standard communication 
interface. With the X-123 anyone can rapidly obtain high quality X-ray spectra. 

The X-123SDD uses a silicon drift detector (SDD) similar to a Si-PIN photodiode but with a unique 
electrode structure to improve energy resolution and increase count rates.  The SDD is mounted on a 
thermoelectric cooler along with the input FET and coupled to a custom charge sensitive preamplifier. The 
thermoelectric cooler reduces the electronic noise in the detector and preamplifier but the cooling is 
transparent to the user: it operates like a room temperature system. 

The pulse processor is the DP5, a second generation digital pulse processor (DPP) which replaces both 
the shaping amplifier and MCA found in analog systems. The digital technology improves several key 
parameters: (1) better performance, specifically better resolution and higher count rates; (2) greater flexibility 
since more configuration options are available and selected by software, and (3) improved stability and 
reproducibility. The DPP digitizes the preamplifier output, applies real-time digital processing to the signal, 
detects the peak amplitude, and bins this in its histogram memory. The spectrum is then transmitted to the 
user’s computer.  The PC5 supplies the power to the detector, including low voltages for the preamps, high 
voltage to bias the detector, and a supply for the thermoelectric cooler which provides closed loop control 
with a maximum temperature differential of 85 °C.  All of these are under software control.  The X-123SDD 
input power is unregulated +5 VDC with a current of about 250 mA. 

The complete system is packaged in 7 x 10 x 2.5 cm3 aluminum box.  The detector is mounted on an 
extender, with lengths from 0 to 9” (vacuum flanges are available). In its standard configuration only two 
connections are required: power (+5 VDC) and communications (USB, RS232, or Ethernet).  An auxiliary 
connector provides several additional inputs and outputs used if the X-123SDD will be integrated with other 
equipment. This includes an MCA gate, timing outputs, and eight SCA outputs. The X-123SDD is supplied 
with data acquisition and control software.  It also includes an Application Programming Interface (API) DLL 
to integrate the unit with custom software.  Optional accessories include software for analyzing X-ray 
spectra, several collimation and mounting options, and X-ray tubes to complete a compact system for X-ray 
fluorescence. 

       
Figure 1-1.  Photograph of complete X-123 (left) and a typical 55Fe spectrum (right). 
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Figure 1-2.  Block diagram of the X-123SDD 
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Signal prediction	



Estimated count flux for various solar activity levels… the aperture 
size and integration time are chosen to ensure sensitivity at low levels 
without saturation at high levels	
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Solar results	



Raw count spectrum, averaged over +/- 90 sec from apogee	
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Solar results	
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Solar results	



Estimated count flux for various solar activity levels… the aperture 
size and integration time are chosen to ensure sensitivity at low levels 
without saturation at high levels	
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Solar results	
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Total Irradiance from .1-.8 nm (W/m2)	


XPS Level 4	

 GOES	

 X123	


1.84 x 10-6	

 2.2 x 10-7	

 1.84 x 10-7	





Solar results	



X123 data disagres with XPS Level 4 significantly… appears to agree 
reasonably well with CHIANTI “Quiet Sun” DEM.	
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MinXSS Spacecraft Concept	
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CubIXSS Spacecraft Concept	
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