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BeEagleSAT of QB50 

 

• BeEagleSAT is a joint project of Istanbul 

Technical University, Turkish Air Force 

Academy, and Sabanci University.  

• One of possible 2U CubeSats of the 

QB50 Network 

 

 



BeEagleSat Overview 

• A double CubeSat 

• employing the Sensor Set #3 of QB50  

– “Multi Needle Langmuir Probe,  

– Corner Cubes and Thermistors”,  

• in house developed systems  

– 2U structure,  

– ADCS system with magnetorquers and a 

momentum wheel, sun sensor, GPS 

– electrical power system,  

– on-board computer  and MODEM and  

– the secondary payload, the X-Ray detector.  



BeEagleSat Overview 

• developed to meet the mass, volume, link 

and pointing requirements of the QB50. 

•  The functional unit will provide the 

required link and power to the science unit 

and to the own experiments.  

• All the tests will be carried out at existing 

ITU laboratories.  

• X-Ray detector system is being developed 

by the Sabancı University team and the 

ITU project team. 

 



ITU Development and Test Infrastructure 
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Design- Development phases 

Satellite 
Design / Analysis / Production 

 

 

Ground Station 

 

Test & Integration 
 Infrastructure / Payloads  

/ Systems 

 Thermal Vacuum, Vibration,  

EMC 

Istanbul Technical University - Faculty of Aeronautics and Astronautics  

http://usl.itu.edu.tr 

•Conceptual design 

•Desktop model 

•Engineering model 

•Flight Model 



QB50: BeEagleSat (2015) 
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ADCS of BeEagleSat 
• employing sensor set #3  

– 5 degrees of determination accuracy and 

– 15 degrees of control accuracy  

• between the altitudes of 380 and 200 km. 

• Below 200 km, there are no accuracy 

requirements.  

• A three-axis attitude control employing 3 

magnetorquers and a momentum wheel is 

foreseen. 

• Use of sun senors and GPS 

 



ADCS of BeEagleSat 

• Analysis and evaluations,  

– Accuracy 

– Ease of development 

– power and  

– cost 

 

• Algorithms and software development 



EPS 

• Derived from the previously developed 

EPS of the 3U CubeSat, 3USAT  

• Prepared to meet the QB50 requirements 

• Limited power for tight pointing 

requirements.  

• Power will be provided by COTS solar 

panels and batteries.  



POWER BUDGET 



OBC/OBDH and COMMS 

• Critical volume and mass budget,  

• Gather electronic systems on a PCB together 

to meet mass requirement  

• Combined OBC and MODEM transceiver on 

a single board is currently under development  

• To increase reliability the system is designed 

in a redundant manner.  

– OBC will have dual microcontrollers and MODEM 

will have dual redundant transceivers 
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Ground Station, VHF/UHF 



BeEagleSAT Control Unit and 

X-ray Detector Payload. 

X-ray detector module 

Batteries (independent) 

CdZnTe Crystal 

ASIC 

MCU (independent) 

On-board computer 

Power - Battery 

UHF-VHF 

ADCS Computer 

ADCS actuators 

Main scientific 

payload of QB50 

Preliminary drawing ! 



Motivation 
• Space heritage of                

single crystal CdTe and    
CdZnTe X-ray detectors: 

ISGRI on INTEGRAL   

BAT on Swift  

Coded mask imaging of large field 
of views above 20 keV. 

 

 

• Space heritage of pixellated, 
CdZnTe detectors: NuStar focal 
plane CCD with X-ray 
telescope.  

 impressive minimum energy of a 
few keV – high resolution 
imaging up to 60 keV 

INTEGRAL 

ISGRI 

SWIFT 
BAT 

NuStar CZT 

det. 



Motivation 
• CdZnTe X-ray detector attempts on cubesats: 

 

 
CXBN 

to measure 

X-ray diffuse 

background. 

No science data. 

Space heritage of large crystal orthogonal strip 

detectors : NONE! 

Other aims: 
Test RENA 3 (NOVA R&D*) readout electronics in space 

Measure X-ray background spectrum at very low Earth orbit. 

Lay foundations of producing scientific space payloads in 

Turkey! 
*part of Kromek. 

 

AAUSAT II 

payload to 

detect GRBs. 

No science data. 



CdZnTe orthogonal strip  

X-ray and Gamma-ray detectors 

• Why CdZnTe? 

– High band gap (~1.6 eV) 
semiconductor crystal allows room 
temperature operation! 

– High atomic number composition 
allows reaching a few hundred keVs 
with with a few mm thickness. 

– Moderate energy resolution (good 
enough for astrophysical continuum) 

major problem: poor hole transport 
properties. Solution: make anodes tiny, 
use large planar cathodes, and 
essentially make the detector sensitive 
only to electrons (small pixel effect) 



Cross-strip detector with steering electrodes 
• Optimize anode/steering electrode/gap widths for best performance 

(energy resolution, charge collection efficiency, and noise!) 

Anodes 

Steering Electrodes  

X – position from one (or multiple) anode strip(s) 

y – position from one (or multiple) cathode strip(s) 

Advantage: 2xN electronic channels for NxN resolution 



Simulations 

Using COMSOL determine 

E field and weighting potentials 

in 2D and 3D. 

Using GEANT,  

determine interaction  

positions and 

energies 

Create clouds of charges  

(GEANT), follow their tracks 

taking into account  

diffusion and repulsion (IDL) 

Obtain 

induced 

charges as 

a  

function of 

time  

for all strips  

taking into  

account 

 trapping, 

 

detrapping. 



Results II – simulations face reality 
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Energy (keV) 

Energy (keV) 
Energy (keV) 

FWHM:  

7.61 keV 

pulser:  

5.58 keV 

FWHM:  

6.83 keV 
pulser:  

5.80 

keV 

pulser:  

6.60 keV 

FWHM:  

8.04 keV 

sources: 
57Co 
241Am 

 



Power Management of XRD 

The payload will have its own 

battery and power system 



Power Management – current status 
We first designed the circuits to produce necessary voltages from the battery, simulated 

them and finally produced prototype circuits. We obtain all required voltages, some 

ripple and noise measurements still underway. 

 

High 

voltage: 

 1.5 V, 2 V, 3.3 V, 3.5V, 5V required for the ASIC to 

operate are produced from the battery 



Signal Processing 

and storage 

The payload has its own 

MSP430 microcontroller 

and storage unit, and will 

transfer data to satellite 

computer for telemetry 

when asked. 

Current status: We are programming the MSP 

to work with the RENA 3 ASIC. 

Due to power and telemetry constraints the system 

will be operated intermittently. The preliminary estimates 

show ~140 hours of available power from our batteries. 



Challenges and work in progress 

• Project management and coordination between Sabanci and ITU 
is handled by online project management tools and weekly meetings 

- Low noise power circuits for the ASIC, and the detector (300 V). Preliminary ripple 

and noise measurements are ok. 

- Optimization of the data taking due to telemetry constraints (trade off issue) 

- Attachment of the 3 mm thick, 20 mm x 20 mm CdZnTe crystal to the board and 

maintaining electrical contacts on the cathode side (next slide). 

 



Outlook – prototype to real Imager 
4 crystals, 40 mm x 40 mm area, 32 x 32 (equivalent) pixels read by 4 RENA 3b 

ASICs. Simulations 

Overall Design 

redo Strip thickness based  

on optimization 
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•  ITU, TurAFA and SU along with national space industry 

benefit from QB50.  

• A 2U CubeSat with sensor Set 3 is being developed. 

• A local X-Ray detector will be space tested.  

• Students, through hands-on work, developing the 

necessary skills and experience to succeed in the space 

industry.  

• Overall, the QB50 project providing an outstanding 

intercultural experience and a global network of students 

and engineers with the possibility of exchange and 

cooperation programs. 

 

 

Conclusions 
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