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Focal	  Plane	  Si	  Detectors	  Introduc1on	   Experimental	  Setup	   DSSD	  Performance	  

A focal plane detection system is needed for the 
future gas-filled separator at the Cyclotron 
Institute.  Two double-sided silicon strip detectors 
(DSSDs) containing a total of 200 strips along with 
the accompanying electronics will be used for this 
purpose.  The goal is to use this detection system 
and SASSYER (Small Angle Separator System at 
Yale for Evaporation Residues) to study the 
chemical and physical properties of heavy 
elements (Z ≥ 90) produced by fusion-evaporation 
reactions. 

Figure 2[1] (left): Schematic 
of SASSYER.  The separator 
removes the beam particles 
from the recoiling products 
produced in fusion-
evaporation reactions. 

Focal	  Plane	  Si	  Detectors	  

Ionizing radiation produces electron-hole pairs, 
with the collected charge proportional to the 
deposited kinetic energy of the incident particle.  
Silicon detectors are ideal for charged particle 
detection, provide good energy resolution, and are 
position sensitive, which is necessary to correlate 
detected events (such as a recoil implantation 
followed by its decay). 

Previously, a position 
sensitive silicon 
detector (PSSD, model 
X-1) was used.  The 
dual DSSDs are an 
improvement from the 
previous detector due 
to its larger detection 
area and better energy 
and position resolution.  
The DSSDs provide two 
signals for each hit, one 
for the front vertical 
strip and another for 
the corresponding back 
horizontal strip. 

Figure 5: MUX-16 board.  

The 16-channel multiplexers (Mesytec MUX-16) are 
designed to perform numerous functions for all 16 
input channels.  Each multiplexer serves as a 
preamplifier, shaper, and leading-edge discriminator.  
The MUX-16 boards are controlled by four “MUX 
drivers,” which act as a signal bus.  The multiplexed 
system is beneficial for the DSSDs’ 200 signals as 
fewer modules are needed. 

Figure 3: Model X-1 detector.  The 
detector used previously had 
sixteen 3 mm wide vertical strips 
on the front and contained no strips 
on the back.  Resistive charge 
division was used to determine the 
particle position vertically.   

Figure 4: Front view of DSSDs installed inside the vacuum chamber.  The 
fronts of the detectors have 60 vertical strips and the backs have 40 
horizontal strips.  Each strip is 1 mm wide.  No position calibration is needed 
using the DSSDs.  

Signal	  Read-‐Out	  Electronics	  

Figure 6 (left): Output signals 
(Y=1 V, X=500 ns).  Shaper 
(energy) output signal is shown in 
red.  Position output signal is 
shown in blue.  Graph obtained 
from Mesytec MUX-16 manual. 

Figure 7 (right): Output signals 
using a pulser (Y=500 mV, X=400 
ns).  Shaper (energy) output signal 
is shown in yellow.  Position output 
signal is shown in purple.  The 
signal gate, initiated by the trigger 
on the MUX driver, is shown in 
green. 

Figure 8: Focal plane detection system setup.  The vacuum chamber houses 
the source and DSSDs.  The electronics bin contains the MUX-16 boards and 
MUX drivers.  

DSSD	  Performance	  

Figure 9 (above): Primary position (identification) spectrum of vertical 
strips 28-35 on the front left detector.  Each strip has a full-width at half-
maximum (FWHM) of approximately two channels, or about 9 keV. 
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Figure 10 (above): Energy vs. Channel ID.  Alpha energies present can be 
seen on the individual vertical strips 28-35 on the front left detector.  The 
isotopes present, in order of increasing energy, are 148Gd, 239Pu, 241Am, and 
244Cm. 
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Conclusions	  and	  Future	  Work	  
The focal plane detection system using the DSSDs has 
proved to provide better position sensitivity, greater 
energy resolution, and a larger detection area than the 
previous detector.  While they are an improvement, 
some challenges to overcome include incomplete 
charge collection, poorly resolved peaks, and tailing on 
the lower energy side of the peaks.  Further 
enhancement of the system is expected after the 
addition of a chiller to cool the DSSDs.  

Figure 12 (above): Combined energy spectrum of the front left detector 
(vertical strips).   Gain mismatch is likely responsible for the broad 
distribution of detected events. 
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Figure 11 (above): Individual energy spectrum of vertical strip 32 on the 
front left detector. The FWHM are: 148Gd 51.14 keV, 239Pu 59.96 keV, 241Am 
59.61 keV, and 244Cm 64.26 keV. 

Figure 13 (above): Combined total energy spectrum of both detectors 
after calibration.  The FWHM are: 148Gd 78.41 keV, 239Pu 93.47 keV, 241Am 
97.38 keV, and 244Cm 91.24 keV. 

Figure 1 (above): Fusion-
evaporation reaction. 
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