
 

Version  :  1.10 

    

AstroSat   
 

INDIA’S FIRST MULTIWAVELENGTH ASTRONOMY SATELLITE 

A simultaneous view of the Universe in UV and X-rays  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Space Science Programme Office (SSPO) 

INDIAN SPACE RESEARCH ORGANISATION (ISRO), HQ 

AstroSat 

HANDBOOK 



 

Version summary 

Ver 0.1  - Collation of all individual payload inputs into separate chapters  -  Jan 11  2013 

Ver 0.2 - Updated with comments from individual payload teams     July 31 2013 

Ver  0.3 - Updated with comments from UVIT payload team      Aug 24 2013 

Ver  0.4 -Updated with comments from LAXPC payload team   Oct 01 2013 

Ver 1.0 - Revisions from SXT and inclusion of outline of Ch10 & 11  Oct 18 2013 

Ver 1.1 - Revision from LAXPC payload team                                                                  Oct 23 2013   

Ver 1.2 – Corrected table 1 and replaced ASTROSAT figure   Nov 03 2013     

Ver 1.3 – Revision of LAXPC chapter      Jul   25 2014   

Ver 1.3a – minor corrections in text and tables     Nov 10 2014  

Ver 1.6 –          Dec 18 2014 

The current version is numbered as Ver 1.6 so as to avoid confusion since Ver 1.5 was circulated     

               sometime back. 

 Changes are in the payload characteristics table in Introduction, minor corrections and  addendum   

               on brightness limits in UVIT, hardware section in CZT and last paragraph of CPM. 

    LAXPC remains the same as version 1.3. 

 SSM is yet to be updated.  

Ver 1.7 - Updated after the completion of ground calibration of payloads.        Jun 08, 2015 

   LAXPC chapter remains the same as previous version.  APPS guidelines included. 

Ver 1.8 – Updated after on-orbit calibrations and performance verification        June 14, 2016 

Ver 1.9 - Updated UVIT and LAXPC chapters          November 10, 2016  

 

       Ver 1.10 – Updated UVIT, SXT, LAXPC, SSM  chapters                               May 03, 2017 

    

                

 

 

 

Contributors: 
 
Dipankar Bhattacharya, IUCAA, Pune 
Gulab C Dewangan, IUCAA, Pune 
R. Pandiyan, ISAC, Bengaluru 
M.C. Ramadevi, Payload manager, SSM, ISAC, Bengaluru  
A.R. Rao, Payload manager, CZTI, TIFR, Mumbai  
K.P. Singh, Payload manager, SXT, TIFR, Mumbai 
S.N.Tandon, Programme manager, UVIT, IUCAA, Pune 
J.S. Yadav, Payload manager, LAXPC, TIFR, Mumbai  
 

Compiled by: 
 
Space Science Programme Office, ISRO HQ  
 



 

 

CONTENTS 

 

Chapter-1 

AstroSat mission…………………………………………………………………………………………………  1 

Primary Science Objectives of AstroSat………………………………………………………………….  4 

AstroSat Payloads…………………………………………………………………………………………………..  5 

Uniqueness of AstroSat ………………………………………………………………………………………….  5 

AstroSat - Payload Characteristics…………………………………………………………………………….  6 

 

Chapter-2 

Ultra-Violet Imaging Telescope………………………………………………………………………………  8 

Instrument Overview…………………………………………………………………………………………………  8 

Optics……………………………………………………………………………………………………………………….  10 

Filters……………………………………………………………………………………………………………………….  11 

Gratings…………………………………………………………………………………………………………………… 19 

Detectors…………………………………………………………………………………………………………………. 21 

Thermal Effects………………………………………………………………………………………………………… 22 

Backgrounds…………………………………………………………………………………………………………….. 23 

Photon Counting and Integration Modes…………………………………………………………………. 24 

Operational Constraints…………………………………………………………………………………………… 24 
Avoidance of ram-angle, Sun, and bright-Earth for safety……………………………………………………… 24 

Avoidance of bright objects…………………………………………………………………………………………………… 24 

Saturation with bright objects……………………………………………………………………………………………….. 25 

Choices in Photon Counting Mode and Integration Mode………………………………………… 25 

Observing in Partial Fields…………………………………………………………………………………………  25 

Timing Observations………………………………………………………………………………………………… 26 

Observation Sequence………………………………………………………………………………………………. 27 

Modes of operation of UVIT……………………………………………………………………………………… 27 
Description of Filter-Detector systems………………………………………………………………………………….. 27 

Modes of the Detector…………………………………………………………………………………………………………..  28 

Emergencies……………………………………………………………………………………………………………. 29 
Emergencies related to the Detectors…………………………………………………………………………………… 29 

Emergencies related to the Filter wheels………………………………………………………………………………. 30 

Typical Observing Sequence…………………………………………………………………………………….. 30 
Observations in Daytime………………………………………………………………………………………………………. 31 

Optimisation for observations of multiple nearby sources in multiple filters………………………… 31 

Quantum Efficiencies………………………………………………………………………………………………. 31 

Effective Area…………………………………………………………………………………………………………… 33 

Calibration details……………………………………………………………………………………………………. 35 
Ground based tests……………………………………………………………………………………………………………….. 36 

In orbit calibrations……………………………………………………………………………………………………………….. 37 

Results from In-orbit Calibrations …………………………………………….……………………………..         38 

Limits on Brightness for observations with UVIT…………………………………………………………      41 



 

 

Chapter-3 

Soft X-ray Telescope………………………………………………………………………………………………. 43 

Telescope…………………………………………………………………………………………………………………. 43 
Basic Components…………………………………………………………………………………………………………………. 43 

Mirror Assembly for X-ray reflection……………………………………………………………………………………… 45 

Focal Plane Camera Assembly ………………………………………………………………………………….         46 
Focal Plane Camera Assembly Devices and Components………………………………………………………. 46 

CCD Quantum Efficiency Curves……………………………………………………………………………………………. 49 

Observational Characteristics………………………………………………………………………………………………… 50 

Data Modes and Telemetry………………………………………………………………………………………. 51 
Operation Procedure…………………………………………………………………………………………………………….. 51 

On-board Electronics……………………………………………………………………………………………….. 52 

Observational Constraints………………………………………………………………………………………… 52 

In-flight Performance………………………………………………………………………………………………. 52 

Data Analysis Tools…………………………………………………………………………………………………… 54 

Writing an SXT Proposal……………………………………………………………………………………………. 56 

 

Chapter-4 

Large Area X-ray Proportional Counter………………………………………………………………….. 57 

Payload configuration………………………………………………………………………………………………. 58 

Instrument Specification…………………………………………………………………………………………… 60 
Details of detector system…………………………………………………………………………………………………….. 60 

Processing electronics and Timing capability……………………………………………………………. 62 
Details of Broad Band Counting…………………………………………………………………………………………….. 62 

Modes of operation of LAXPC…………………………………………………………………………………… 65 
Normal (or Default) Modes of Operation………………………………………………………………………………. 65 

Fast Counter Mode……………………………………………………………………………………………………………….. 65 

Detection Efficiency and Effective Area……………………………………………………………………. 65 

Dead Time Measurement of LAXPC Detector……………………………………………………………. 66 

Instrument Calibration…………………………………………………………………………………………….. 68 
Ground calibration………………………………………………………………………………………………………………… 68 

Energy Resolution as a function of energy……………………………………………………………………………… 69 

Expected background in different energy bands……………………………………………………………………. 72 

Time exposure for sources of different intensity…………………………………………………………………… 74 

Observation Strategies for LAXPC…………………………………………………………………………….. 75 

On-board Purification……………………………………………………………………………………………….. 75 

Calibration in orbit……………………………………………………………………………………………………….     78 

 

Chapter-5 

Cadmium Zinc Telluride Imager…………………………………………………………………………….. 80 

Detector Module Details………………………………………………………………………………………….. 83 

Mechanical and Thermal Design………………………………………………………………………………. 84 
CZT Imager Housing………………………………………………………………………………………………………………. 84 

Crystal Holder………………………………………………………………………………………………………………………… 84 



 

Detector Board Assembly……………………………………………………………………………………………………….  84 

Radiator Assembly…………………………………………………………………………………………………………………. 84 

Collimator……………………………………………………………………………………………………………………………… 84 

Collimator housing………………………………………………………………………………………………………………… 85 

The Coded Aperture Mask………………………………………………………………………………………… 85 

CZTI detector electronics………………………………………………………………………………………….. 85 
Basic Design…………………………………………………………………………………………………………………………… 85 

Veto Detector………………………………………………………………………………………………………………………… 86 

Power Card……………………………………………………………………………………………………………………………. 86 

Alpha - Tag…………………………………………………………………………………………………………………………….. 86 

Front-end Electronics Board (FEB) ………………………………………………………………………………………… 86 

Processing electronics………………………………………………………………………………………………. 87 

Modes of Operation………………………………………………………………………………………………….. 87 

Data Interfaces…………………………………………………………………………………………………………. 89 
Detector Interfaces……………………………………………………………………………………………………………….. 89 

Satellite Interfaces…………………………………………………………………………………………………………………. 89 

Background Estimation…………………………………………………………………………………………….. 89 
Compton Induced Background………………………………………………………………………………………………. 90 

Fluorescent K-alpha Background……………………………………………………………………………………………. 90 

Data Analysis…………………………………………………………………………………………………………….. 90 
Image Reconstruction……………………………………………………………………………………………………………. 90 

Operation Sequence to generate the Data products……………………………………………………………… 90 

Ground Calibration………………………………………………………………………………………………………………  91 
Characterization of individual pixels……………………………………………………………………………………………  91 

X-ray spectroscopic calibration at various temperatures………………………………………………………..  93 

Coded Aperture Mask (CAM) Calibration………………………………………………………………………………….  93 

Field of View of the CZT imager…………………………………………………………………………………………………  94 

Effective Area of the CZT Imager………………………………………………………………………………………………  94 

Alpha-tagging in CZTI………………………………………………………………………………………………………………..  95 

Veto calibration………………………………………………………………………………………………………………………..  96 

Time tagging and polarization…………………………………………………………………………………………………..  96 

Response matrix generation………………………………………………………………………………………………………..  97 

Onboard Performance……………………………………………………………………………………………….         98 

 

Chapter-6 

Scanning Sky Monitor……………………………………………………………………………………………. 101 

Instrument Description…………………………………………………………………………………………….. 101 

Detectors for SSM…………………………………………………………………………………………………….. 102 
Principle of Operation……………………………………………………………………………………………………………. 103  

Design of Mask…………………………………………………………………………………………………………. 104 

Electronics for SSM…………………………………………………………………………………………………… 104 
Processing of an event…………………………………………………………………………………………………………… 105 

Technical details of SSM……………………………………………………………………………………………  106 

Ground calibration……………………………………………………………………………………………………. 106 

Spectral calibration………………………………………………………………………………………………………………… 106 

Positional calibration……………………………………………………………………………………………………………... 106 

On-board Calibration………………………………………………………………………………………………… 106 



 

Calibration with Crab nebula…………………………………………………………………………………………………. 106 

SSM Data …………………………………………………………………………………………………………………. 107 

 

Chapter-7 

Charged Particle Monitor………………………………………………………………………………………. 108 

Instrument details…………………………………………………………………………………………………….. 109 

Ground Calibration of CPM………………………………………………………………………………………… 109 

CPM data availability………………………………………………………………………………………………. 111 

Onboard testing………………………………………………………………………………………………………….      112 

 

Chapter-8 

Observing with ASTROSAT…………………………………………………………………………………….. 113 

ASTROSAT orbit………………………………………………………………………………………………………….. 113 
Observing Constraints……………………………………………………………………………………………………………..  113 

Using ASTROSAT as a broad-band Observatory……………………………………………………………  115 

ASTROSAT Time sharing plan………………………………………………………………………………………  116 

Observing Cycles…………………………………………………………………………………………………………  117 

Proposal Types……………………………………………………………………………………………………………  117 

Proposal review process and time allocation……………………………………………………………….  118 

Proposal submission for AstroSat observing time………………………………………………………..      119 

 

Acronyms…………………………………………………………………………………………………………………….. 120  

 

 



ASTROSAT HANDBOOK 
 

1 
 

AstroSat mission    

AstroSat – India’s first dedicated astronomy satellite 

 

  AstroSat spacecraft – actual view 

To understand the nature of cosmic sources, their radiation processes and 
environment, it is necessary to measure their emission over the entire 
electromagnetic spectrum.  Since intensity of most cosmic sources varies with 
time, the variability being wavelength-dependent, it is necessary to make 
simultaneous observations in different wavebands.  Most of the current space 
astronomy observatories are dedicated to a particular waveband e.g. X-ray, UV etc 
and therefore, usually multi-wavelength studies have to be made from 
coordinated observations with different satellites. There are logistical problems in 
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making simultaneous and coordinated studies of a specific object from different 
satellites and ground-based telescopes. As a result, despite a large number of such 
multiwavelength observation campaigns, very few sources have so far been 
studied over wide spectral band leading to poor understanding of the underlying 
physical processes. The most efficient and effective approach is to have a 
dedicated satellite such as AstroSat with several co-aligned instruments covering 
the desired spectral bands so that simultaneous observations in all the desired 
wavebands is possible. 

 

Wavelength coverage of AstroSat payloads 

AstroSat spacecraft and five astronomy payloads covering optical, UV and X-rays 
were designed, developed, realized and launched on 28th September 2015 by 
PSLV-C30 (XL) from Sriharikota.  The spacecraft was put in 650km near-equatorial 
orbit with inclination of 6 degree. The payloads were switched ON in a sequence 
and are operationalised.   
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PSLV C-30 lift off from Sriharikota 

The performance verification phase began in October 2015 and ended on 31 
March 2016.  Assessment of instrument performance, completion of initial 
calibration, announcing the payload capabilities and release of first set of 
calibration files were the aims of this phase. 

First light observations were obtained with the Charged Particle Monitor (CPM) on 
October 1, the Cadmium-Zinc Telluride Imager (CZTI) on October 6, Scanning Sky 
Monitor (SSM) on October 12, three Large Area Xenon Proportional Counters 
(LAXPCs) on October 19, Soft X-ray imaging Telescope (SXT) on October 26, and 
the visible and UV telescopes on December 1, 2015. 

Science observations by the payload teams were carried out from April to 
September 2016.  Currently, AstroSat is being operated as an observatory, in 
which, the observatory time is allotted to proposers/ users. 
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Primary Science Objectives of AstroSat 

 

 

The important parameters of the instruments are listed in the AstroSat payload 
characteristics table (end of this chapter).  

A complementary Charged Particle Monitor (CPM) is also onboard to provide 
data on particle flux.  The high voltage will be lowered or put off using data 
from CPM when the satellite enters the South Atlantic Anomaly (SAA) region to 
prevent damage to the detectors as well as to minimize ageing effect in the 
Proportional Counters. 

   Understand high energy processes in binary systems 

   Search for black hole sources in the Galaxy  

   Measure magnetic fields of neutron stars 

   Study high energy processes in extragalactic systems 

   Detect new transient X-ray sources 

   Limited high-angular resolution deep field survey in UV  

These primary science objectives are being met with 5 
science payloads.  

 

Large Area X-ray Proportional Counters (LAXPC)  

Cadmium-Zinc-Telluride Imager (CZTI)  

Soft X-ray imaging Telescope (SXT)  

Scanning Sky Monitor (SSM)  

Ultra Violet Imaging Telescope (UVIT)  
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AstroSat Payloads 

 Three identical Large Area X-ray Proportional Counters (LAXPC) 
covering 3-100 keV region for variability studies of X-ray Binaries and 
other cosmic sources.  It has four to five times more effective area 
above 30 keV compared to the Proportional Counter Array (PCA) on 
the Rossi X-ray timing Explorer (RXTE).  (Primary  goal – fast time 
variability  and wide band spectral coverage) 

 Cadmium-Zinc-Telluride Imager (CZTI) array with coded mask 
aperture extends the high energy limit (25-150 keV band) for spectral 
studies. (extend  high energy range,  good  spectral  energy if  no 
source confusion;  solid state detectors) 

 Soft X-ray Telescope (SXT) using X-ray reflecting mirrors and X-ray 
CCD for timing and variability studies in 0.3 – 8.0 keV band (Soft X-ray  
energies;  imaging in X-rays) 

 Scanning Sky Monitor (SSM) for detection and monitoring of new and 
known X-ray sources in 2.5 – 10 keV region.   

 Ultra Violet Imaging Telescope (UVIT) to image the sky 
simultaneously in  three wavelengths, one covering the FUV band 
(130 – 180 nm) and the second sensitive in NUV (200 – 300nm) and 
Visible (320 – 550 nm) bands.  Image resolution is ~ 1.5” in near UV 
compared to ~ 6” of GALEX. (NUV, FUV and Optical imaging; intensity 
variation).  

UVIT payload has collaboration with Canadian Space Agency (CSA) and 
SXT is in collaboration with University of Leicester, UK. 
 

Uniqueness of AstroSat 

 Simultaneous multi-wavelength observations using single satellite. 
 Broad band coverage using Optical, UV, low and high energy X-ray 

payloads. 

 It is expected that the effective area of LAXPC is  four to five times that 
of Rossi X-ray timing Explorer (RXTE) above 30 keV.  

 Image resolution of UVIT ~ 1.5” the best so far in NUV compared to ~ 6” 
of GALEX.  
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AstroSat - Payload Characteristics 

PARAMETER UVIT  SXT LAXPC CZTI SSM 
 

Detector 

Photon-
counting 

(Intensified) 
CMOS 

imagers 

X-Ray CCD at 
the focal plane 

Proportional 
counter 

CdZnTe 
Detector 

Array 

Position 
sensitive 

Proportional 
Counter 

 

Optics 
Twin Ritchie 
Chretian 2 

mirror system 

Conical foil     
( Wolter-I) 

Mirrors 
Collimator 

2-D coded 
Mask 

1-D coded 
Mask 

 

Bandwidth 
 

130-180 nm 
200-300 nm & 
320-550 nm 

0.3 - 8 keV 3 - 100 keV 

 
25 - 150 

keV 
(overall) 

2.5 - 10 keV 

 

Geometric Area 
(cm2) 

1250 250 10800 976 57.6 per SSM 
 

Effective Area 
(cm2) 

~ 10 @150 
nm, ~ 40 in 
200-300  & 
320-550 nm 

 

90@1.5 keV 
 

6000@5-20 
keV  

415  
(25-150 

keV) 

~7 @ 2.5 keV 
~33 @ 5keV 

(Xe +P10 gas) 
for 2 SSMs 

 

Field of View 
 

~ 28’ dia ~40' (Dia) 

 
0.90 x 0.90 

 

 

 
4.60 x 4.60 

(25 – 150 
keV) 
Open 

detector at ~ 
150 keV 
with eff. 
area 100 

cm2 

SSM1  
26.8 x 100 

deg;  SSM3 - 
22.1  x 100 
deg, FWZM 

 

Energy 
Resolution 

 
<100- 500 A 
(depends on 

choice of 
filters) 

90  eV 
 @1.5 keV;  

136 eV  
@5.9 keV 

12 - 15% in 
22-60 keV  

6% at 100 
keV 

25% @ 6keV 

 

Angular 
Resolution 

 

 
1.1 to 1.6 
 arc sec in 

130-180 nm 
and 200-300 

nm 
 

2 arc min 
FWHM; 

10  arc min 
HPD 

~(1-5) arc min 
(in scan mode 

only) 
8 arc min 

~10-13 arc min 
in coding 

direction and 
2.5° across 
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PARAMETER UVIT  SXT LAXPC CZTI SSM 
 

Time resolution 
2 ms 

 

~2.4 s (full 
frame), 
~0.278 s 
(150x150 
centered 
pixel frame) 

10microsec 20microsec 0.1 ms 

 

Typical 
observation 

time per target. 

5 min to  
100 min 

0.5 - 1 day 

 
 

0.25- 1 day 
 
 

2 days 
10 min per 

FOV 

 

Sensitivity 
(Obs. Time) 

(Unit) 

20 mag. (5σ) 
In 160 s for 
130-180nm 

 

~10-13 ergs    
cm-2 s-1 

(5 σ) (20000 s) 

0.1 milliCrab 
(3σ) (1000 s) 

20 milliCrab 
(5σ) 

(10000s) 

~25 milliCrab  
for SSM1  

~28 milliCrab 
for SSM3 
(3σ, 600s)  

 

Total Mass (kg) 230 70 419 56 65.5 
 

Total Power 
(Watts) 

87  
53 (with HOP 

ON) 
 

65 
 

73.5 
 

41(excl .motor 
+ drive e-nics) 

 

 

Total Memory 
per orbit  
(MBytes) 

2850 
 

280 
 

700 
 

50 
 

200  
 

 

Sun-avoidance 
angle 

45 deg 45 deg 30 deg NA 
5 deg from 

edge of FOV 

 

Moon-
avoidance 

angle 
15 deg NA NA NA NA 

 

Bright Earth 
limb avoidance 

angle 

12 deg 
 

Ram 
avoidance 

angle 12 deg 

6 deg NA NA NA 

 

 

The technical details on the payloads are provided in the forthcoming chapters. 
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Ultra-Violet Imaging Telescope 
 

  
maging in the ultra-violet regime with a spatial resolution of 1.8” ( ~ X 3 better than Galex) in a field of    
~ 28’ provides many opportunities for Galactic and extra-galactic studies. Some of the objectives are 
listed below: 
 

a) Time variations in UV of X-ray sources in coordination with the X-ray payloads 
b) Star formation in nearby galaxies 
c) Star formation in interacting galaxies 
d) Star formation history of universe 
e) Hot stars in Globular clusters 
f) Planetary nebulae 

 

Instrument Overview 

 

UVIT is primarily an imaging instrument. Images are made simultaneously in three channels: FUV (130-180 
nm), NUV (200-300 nm), and VIS (320-550 nm), in a field ~ 28’ circle. The spatial resolution (FWHM) is < 1.8” 
for the FUV and NUV channels, and it is ~ 2.2” for the VIS channel. In each channel, a set of filters are 
available, in the filter-wheels, for selecting a band. In the two ultraviolet channels, gratings are provided for 
low resolution (~ 100) slitless spectroscopy. The focussing optics is configured as twin R-C telescopes, each 
with a primary mirror with with effective diameter of ~ 375 mm. 
 
The overall structure is shown in Fig. 2.1. Those parts of the telescopes which define locations of the optical 
elements are mostly made of Invar36, and the other parts are made of Aluminium alloy. The two telescopes 
are mounted on a cone-like structure of Titanium, which is attached to central cylinder of the spacecraft.   
 
 A cylindrical baffle extends over each of the telescopes for attenuating the radiation from off-axis sources. 
With these baffles the light reaching the detector from sources at 45 deg. from the axis is attenuated by a 
factor 109; with such attenuation the light reaching the detector from full Moon at 45 deg from the axis is less 
than the average sky background. In addition to these baffles, the doors act as sun shades as long as Sun is at 
> 45 deg from the axis and the plane containing the optical axis and normal to the doors.  
 
 In order to avoid contamination of the optics due to ultraviolet assisted reactions, bright-earth is kept away 
from the axis by >12 deg., and the sun is kept behind the sun-shield at all times even if UVIT is not observing. 
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