
Abstract—The intrinsic performance of the antenna-coupled 
bolometer array developed at CEA-LETI was hampered by the 
noise of the readout chain. Recent improvements of the camera 
electronics have made possible the optimization of the sensor 
operation in bias and integration time. It results in a real-time 
uncooled imager with a sensor-limited minimum detectable power 
that is improved by a factor of 3, i.e. close to 10 pW, at 2.5 THz. 

I. INTRODUCTION 

he 320×240 antenna-coupled micro-bolometer array 
developed at LETI still has room for improvements in 
terms of Minimum Detectable Power (MDP) [1]. This 

performance margin is highlighted when the MDP at the imager 
output, previously measured close to 32 pW at 2.5 THz, is 
compared to the MDP of the bolometer bridge (Fig. 1). Detailed 
modeling [2] of the bolometer read-out showed that a MDP of 
14.8 pW is reached prior to the integration stage and is degraded 
by the following stages. 

 
Fig. 1. Schematic of the read-out chain of the THz bolometer array 

The recent integration of the sensor within a dedicated 
camera’s electronics lowered the chain noise from 350 to 
155 µV RMS and closed the gap to the intrinsic bolometer 
performance with an imager MDP that now reaches 20 pW. The 
read-out chain noise still damps the signal to noise ratio (SNR) 
of the detector, but many options are available to improve the 
overall SNR. Thanks to a low noise design of the critical power 
supplies integrated within the camera electronics, the bias level 
of the bolometer bridge elements has been optimized in order 
to achieve a significant gain in terms of MDP. The sensitivity 
of the detector has also been boosted through the increase in 
integration time of the bolometer bridge current. 

II. RESULTS 

The general idea that we studied is based on getting the 
bolometer bridge noise dominant with respect to the noise 
arising from the subsequent stages whereas its SNR is at least 
kept constant. Usually voltage bias of the bolometer is 
performed thanks to an injection MOSFET operated in 
saturation. The bias range is limited by the voltage drop at the 
channel which can be reduced in the conduction regime. 
However in this mode of operation the transconductance of the 
MOSFET shifts by several orders of magnitude and the 
equivalent admittance of the bolometer bridge is no more 
negligible. This leads to an increase of the op-amp and 

reference voltage VREF contribution to the total integrated 
current noise [3]. In order to estimate the impedance 
dependence of the bolometer bridge on the bias voltage and its 
consequences on the output noise, a small signal analysis of the 
different stages has been performed. Equivalent small-signal 
representation of the bolometer bridge with equivalent 
impedance ܼூே and integrated current noise Δܫ௡ூே, followed by 
the CTIA stage with input equivalent voltage noise Δ ௡்ܸ ூ஺ is 
illustrated on Fig. 2. 

 
Fig. 2. Small signal representation of the bolometer bridge followed by the 
integration stage 

Thanks to ELDO® simulations of the CTIA in follower 
operation, we have evaluated its input equivalent voltage noise Δ ௡்ܸ ூ஺ that leads to an input integrated current noise Δܫ௡்ூ஺ ൌΔ ௡்ܸ ூ஺/ܼூே. This noise source has been added to the previous 
model of the pulsed bolometer read-out [2] and resulting output 
noise of the imager has been estimated for different values of 
the grid voltage GDET of the active bolometer injection MOS. 
Grid voltage GSKIM of the skimming part was accordingly set to 
achieve a mid-range video output. We also assumed that thanks 
to an improved filtering design, the noise of the TIA voltage 
reference provided by the camera electronic can be neglected.  

 
Fig. 3. Dependence on GDET of the simulated video output noise and small 
signal impedance ZIN of the bolometer bridge normalized to ZIN value achieved 
when injection MOSFETs are operated in linear mode. 
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As shown on Fig. 3, for GDET values above 1 V the injection 
MOSFETs are in the saturation regime and their conductance 
[4] is dominated by the residual output conductances ݃ௗ௦ while 
the drain transconductances ݃௠ௗ ൌ ஽ܫ߲ ߲ ஽ܸ⁄  are negligible. In 
that case, the equivalent voltage of the TIA is efficiently 
rejected by the large impedance of the bridge and does not 
impact the video output noise. 

As GDET is decreased, the current ܫ௕௢௟  within the bolometers 
increases. The responsivity ࣬௕௢௟ ∝ ௕௢௟ܫ  is appreciated 
proportionally as well as the SNR since the bolometer bridge 
noise is dominated by the thermal noise of the bolometers. 

The injection MOSFETs approach the linear regime of 
operation where the transconductance values become 
significant. The normalized impedance Zin tends towards unity 
with a predominant contribution of the bolometer impedance 
and integrated current noise due to TIA Δܫ௡்ூ஺	becomes 
gradually significant. This leads to a huge degradation of the 
output noise figure that will overcome the expected gain in 
responsivity provided by the increased current of the bolometer.  

Experimental results carried out with the antenna-coupled 
bolometer array integrated within the I2S camera [5] have 
confirmed this preliminary analysis (Fig. 4). 

 
Fig. 4. Improvement of the detector SNR as a function of the bias voltage of 
bolometer bridge GDET and VDET w.r.t. to the SNR in standard bias conditions. 

Compared to previous operating conditions, a MDP 
improvement of 27% is observed with an optimized bias 
(GDET ~ 0.5 V). The location of the SNR peak matches the grid 
voltage at which our model predicts an inflection point of the 
output noise. This result confirms the strong improvement of 
the supply voltage bias in terms of noise that is now negligible 
compare to the readout intrinsic noise. 

The maximum operating voltage of the CMOS circuit can 
also be pushed beyond 3.3 V without notable impact on 
reliability. It provides a gain on bolometer bias and lifts the 
performances by 36% and 50% for VDET pushed to 3.6 and 4 V. 

Further improvement is carried out through the lengthening 
of the integration window (TINT) of the bolometer current. It 
improves the gain while reducing the frequency bandwidth of 
the CTIA stage. The SNR is appreciated with ඥ ூܶே் as 
bolometer thermal noise is dominant and almost 100% of 
relative improvement is obtained in comparison to the initial 
20 pW MDP at the cost of a frame rate reduction to 12.5 Hz. 
Another consequence of the frame rate reduction is the 
proportional increase of the readout chain gain that will hamper 
the imaging dynamic range. 

Frame rate reduction by a factor of 3 still offers a sufficient 
dynamic range and achieves a 130% improvement of the SNR, 
i.e. a 8.45 pW MDP at 2.5 THz. As these improvements are 
strictly carried out thanks to the optimization of the detector and 
ROIC driving, a global enhancement of the MDP is obtained on 
the whole THz spectral range. 

A concrete illustration of the advantages in terms of imaging 
provided by these recent developments is represented in Fig. 5. 
A 1 THz beam barely resolved with the chosen contrast scale 
appears much more clearly when the camera is switched to the 
optimized operating conditions. These enhancements of 
sensitivity are a significant leverage for the development of 
THz imaging system where the detection level is challenging. 

 
Fig. 5. 1 THz beam imaged in a) standard operating condition of the camera - 
GDET = 1 V with 25 Hz frame rate and b) optimized conditions - GDET = 0.55V 
with 8.33 Hz frame rate. 

III. CONCLUSION 

Progress in the electronic driving the CEA-Leti antenna-
coupled bolometer array of the I2S camera enabled significant 
improvements of the sensor performances. A 8.5 pW MDP at 
2.5 THz can be achieved and represents a significant step in 
comparison to previously reported performances. 
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