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Abstract. A near-infrared photometer based on an InGaAs PIN photodiode and the filter set recommended
by Infrared Working Group (IRWG) have been designed and built. It is mounted on the 1-m Carl–Zeiss
telescope at the Vainu Bappu Observatory (VBO) in Kavalur, India. The main science goal is to observe
bright sources (\ 5 magnitude) in the iZ, iJ and iH photometric bands. A discussion of the instrument and
on-telescope performance during first-light tests are presented in this paper.
Keywords. Near-infared photomery—InGaAs detectors—variable stars.

1. Introduction
Vainu Bappu Observatory (VBO)1 is situated in
Kavalur, South India, at longitude ?78500 , latitude
?12340 and an altitude  700 m. It was established
beginning 1968, and currently hosts telescopes ranging from 30 cm to the 2.34-m Vainu Bappu Telescope
(VBT). A variety of backend instruments – photometers, spectrographs, polarimeters, imagers – have
been deployed at these telescopes. Almost all of these
operate in the optical wavebands. Near-infrared (NIR)
observations have been attempted earlier from VBO
(Shivanandan 1987), but with limited success. Scaria
et al. (1991) have studied the sky conditions at
Kavalur, and find that the months November–March
are favorable for infrared observations. Low-altitude
sites, like Kavalur, which generally have high water
vapour concentration, are not well suited for infrared
observations. Therefore, astronomers have chosen to
carry out infrared studies from high, dry sites like the
Indian Astronomical Observatory (IAO)2 in Hanle,
which houses the 2-m Himalayan Chandra Telescope
(HCT). Telescopes at these sites are often bigger than
1

https://www.iiap.res.in/vbo.htm.
https://www.iiap.res.in/?q=iao_about.
3
https://www.optecinc.com/.
2

those existing in older observatories and they are
mostly used for studies of faint objects (Allen 1981).
Consequently, NIR studies of interesting bright
objects have been neglected. For example, many
sources discovered in the Two Micron Sky Survey
(Neugebauer & Leighton 1969) have been subsequently observed only infrequently, if at all.
Developments in detector technology and better
designs of photometric filters have now made NIR
observations from low-altitude sites more feasible.
InGaAs detectors are specifically appealing for nearinfrared astronomy as they are more sensitive than
older detectors such as PbS and can be used without
cryogenic cooling (Cao et al. 2014). In the early
2000s, Optec3 brought out the SSP-4 photometer that
used InGaAs detector and was capable of photometry
in the J and H bands; this photometer is no longer
commercially available. Conventional NIR passbands
are wider than the atmospheric windows, thus leaving
the instantaneous transmission at the mercy of variable water vapour. Passbands of NIR filters defined by
the Infrared Working Group (IRWG) are well within
the atmospheric windows (Milone & Young
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Table 1. A summary of the major components used in the photometer.
Component

Description

Manufacturer

Detector

G12181-203K

Hamamatsu

Optics

Collimator-camera type

Filter set

iZ, iJ, iH equivalent

Edmund
optics
Omega
optical

Electrometer Amplifier with
1-gigaohm gain and a
low-input-noise ADC

Fabricated
in-house

Specification
10-pA dark current, 0.9–1.85-l
sensitivity
Achromatic doublets

Comment
Single-pixel InGaAs; noncryogenic operation
Off-the-shelf components

As per IRWG recommendation;
1-inch dia

Smaller passband to
negate effect of water
vapour variations
Johnson noise limited performance Uncooled operation,
using LTC6240 as a low-bias32-bit ADC (ADS1262)
current Op-Amp

2002, 2007). We have designed an NIR photometer
for the 1.02-m (4000 ) telescope at VBO using these two
features.

2. Instrument specifications
We have twin goals – to demonstrate the technical
feasibility of the instrument and to use it for regular
observations of bright stars. The instrument is based on
G12181-203K from Hamamatsu (https://www.hama
matsu.com/resources/pdf/ssd/infrared_kird0001e.pdf).
This detector is sensitive from 0.9 microns to 1.85
microns and can cover photometric bands iZ, iJ and iH.
The detector specifications are briefly mentioned in
Table 1.
For photodiode-type detectors, the dark noise
increases with size of the detector. The G12181-203K
was selected for its small size (0.3 mm diameter). The
optical design is required to contain all the stellar flux
within the detector diameter. A collimator-cameratype optics was selected to re-image the star onto the
detector. This is in contrast to classical single-pixel
photometer designs that utilize a Fabry lens to reimage the telescope aperture onto a larger-area photodetector – typically of 10-mm diameter or larger.
This change was considered appropriate partly due to
the significantly smaller size of the detector as well as
the availability of a solid-state tracking drive for the
1-m telescope which is capable of providing the
necessary tracking accuracy for such optical design.
Re-imaging of the F# 13 of the Cassegrain focus to
a more suitable F# 6.5 is required to fit 9 arcseconds of
field of view onto the detector. This field of view is
adequate to ensure that the stellar flux is contained
within the detector under typical seeing conditions at
Kavalur. The optical design is implemented using off-

the-shelf lenses from Edmund Optics. The collimator
lens has a focal length of 60 mm and the camera lens
has a focal length of 30 mm. These lenses retain
transmission better than 90% till 2 lm. Both lenses are
achromatic doublets to reduce chromatic aberration.
The manufacturer’s specification for chromatic aberration control is for wavelengths up to 1.6 lm; however, Zemax simulations have determined that the
focus degradation till 1.75 lm (the long wavelength
cutoff of the filters) is within our error budget. The
overall block diagram of the instrument along with the
optical layout is shown in Figure 1.
Interference filters procured from Omega Filters are
used for the photometric system. This filter set closely
matches the IRWG specification of infrared filters and
has a blocking range for the entire InGaAs sensitive
wavelength range. These filters are optimized for best
photometric accuracy against nonlinear Forbes effect
as well as variation of water vapour content (Milone &
Young 2002, 2007). The filter profiles along with a
plot of InGaAs quantum efficiency and estimated
atmospheric transmission at VBO, Kavalur, are shown
in Figure 2. A complete description of the optical
system can be found in Mishra & Kamath (2019).
As the detector can be operated at non-cryogenic
temperatures, there is also a need for an electrometer
that can amplify the signal from the detector with
minimal additional noise while operating at room
temperature. Such an electrometer was realized by
means of a trans-impedance amplifier with a gain of 1
gigaohm and a 32-bit low-input-noise ADC. Within
laboratory conditions, the noise of this electrometer was
verified to be close to the Johnson noise limit – roughly
5 lV RMS at room temperature (Johnson 2003). The
details of the electrometer are shown in Figure 3.
Additionally, the instrument also requires a linear
stepper motor to control the filter slider and RS-485
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Figure 1. (a) Block diagram of the photometer. (b) The cross-section of the instrument as mounted on the telescope. It
uses a simple collimator camera arrangement. The filters are mounted in a filter slider and are moved by means of a linear
stepper motor. The optical elements are mounted in a cage system arrangement for ease of alignment.

Figure 2. Transmission of the Omega Opticals filter set is shown in comparison to that of IRWG-recommended profiles.
The quantum efficiency of the InGaAs detector and the atmospheric transmission at Kavalur are shown in the background.
The atmospheric transmission is estimated using site parameters (Lord 1992).
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Figure 3. Circuit diagram of the uncooled electrometer: the signal from the photodiode is amplified by a low-bias-current
op-amp (LTC6240) in the trans-impedance configuration. The output is digitized by a low-input-noise ADC (ADS1262)
and is transmitted over a SPI communication bus to a micro-controller.
iZ observations
iJ observations
iH observations
iZ best fit
iJ best fit
iH best fit
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Figure 4. Initial tests of the instrument: the instrument had its first light on the bright stars Sirius and Procyon. The signal
pattern resulting from moving Procyon in and out of the telescope field is shown in (a). A few standard stars from the
UKIRT Infrared Catalogue were observed in the three filters. The log of the signal vs the catalogue magnitude is shown in
(b). The standard stars were observed during the period April 15–20, 2020.

communication link with the PC to receive commands and record observed data. The optical components are mounted within an optical cage system
which provides options for both alignment and
reconfiguration of the components. The filter slider is
mounted on the side walls and is driven by a linear
stepper motor. The total weight of the instrument is
less than 25 kilograms and the total power consumption is within 20 watts.
The instrument can be considered as a successor to
the SSP-4 NIR photometer (described in Henden
(2002)). We have retained the concept of imaging the
star rather than the telescope aperture onto the
detector. Refinements introduced are:
• A collimator-camera design allows for more
flexibility in matching the output beam onto the
detector.

• IRWG filter set within the collimated beam
section, which are more suitable for low-altitude
sites.
• Use of modern low-noise detector as well as
lower-bias-current electrometer.

3. Tests and first light
Various sub-systems of the instrument were tested and
fine-tuned in our laboratory at Bengaluru. The instrument
was then taken to Kavalur and mounted on the 1-m
telescope on February 12, 2020 for similar on-site tests.
The photometer had its first light observations on the
stars Sirius and Procyon on February 25, 2020. A small
number of sources selected from the UKIRT list of bright
infrared standards have been observed at subsequent
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epochs. These results are shown in Figure 4a, b. We see a
good linear response over five magnitudes. At present the
Peltier cooler is not switched on; therefore a larger
amount of dark noise is seen from the detector. The
Peltier cooler will reduce the noise and easily enable
observations of sources of magnitude up to ?5 with
better accuracy. Currently, we are observing standard
stars for a better characterization of the instrument
capabilities. The photometer will be ready for general use
by observers during the upcoming winter season.

4. Concluding remarks
A near-infrared (0.9–1.85 lm) photometer has been
designed, developed and tested on the 1-m telescope
of VBO. This instrument is optimized for use at a lowaltitude site like Kavalur and will cater to observations
of bright sources which saturate conventional infrared
detector arrays. The instrument uses an InGaAs PIN
photodiode (Hamamatsu G12181-203K) detector,
IRWG filters from Omega Opticals, and opto-mechanical components from Edmund Optics. The
design and implementation is for a simple, lightweight and easy-to-operate NIR photometer.
The long-term stability and repeatability of the instrument can be determined with greater confidence when
more data are collected in the coming months of
December to February (2022). Kavalur generally has
stable and photometric skies during this period. The
tracking drive and guiding of the telescope seem to be
adequate for the instrument under normal seeing
conditions.
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Appendix: Estimation of magnitudes in new filter
bands
For estimating the magnitudes of observed stars in the
iZ, iJ and iH filter bands, existing magnitudes were
taken from the UKIRT bright star catalogue (an
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alternate shortlist of standards suitable for small
telescopes – also derived from the UKIRT list – is
published by Henden (2002)) and then corresponding
synthetic photometric magnitudes in the new filter
bands were calculated using the relation
R
Fstar  S dk
R
;
M ¼ 2:5  log Filter
Filter Fvega dk
where Fstar and Fvega are synthetic spectral energy
distribution (SED) of the target star and vega
respectively and are collected from the spectral library
of Coelho (2014). The passband filter profiles were
collected from SVO Filter Profile Service (SVO http://
ivoa.net/documents/Notes/SVOFPS/index.html). Work
is ongoing to compile a list of magnitudes in the
practical iZ, iJ and iH filter bands for 60 MaunaKea
primary standards. This will be presented elsewhere.
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