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increase V and decrease Te, Pe-ph is increased and crossed zero at critical point around V=3.8 mV where 

cooling makes Te lower than Tph. For voltages higher than 3.8 mV Pe-ph is increased and proportionally 

Pcool is increased keeping difference between them equal to P0. 

 

 
Fig. 3. IV-curves (black dots and solid red line) and dependences of electron temperature Te (blue curves) on voltage for low power load 

P0 = 0 pW (Tbb = 2.3 K) and high power load P0 = 20 pW (Tbb = 30 K). The horizontal dashed lines correspond to phonon temperature. 

 
Fig. 4. a) Dependences of cooling power and e-ph power on voltage without optical power load, P0=0; electron temperature Te is shown on the 

right; b) Dependences of cooling power and e-ph power on voltage with optical power load of Tbb=30K, P0=20pW. 

The electron-phonon thermal conductance, Ge-ph, and the cooling thermal conductance, Gcool, versus 

voltage for two different values of the incoming power are shown in Fig. 5a. Electron temperature is 

shown in Fig. 5b. Cooling conductance, Gcool, is increased with voltage and considerably overcomes Ge-

ph. Both conductances are strongly increased for power load P0=20 pW. The strength of negative 

electrothermal feedback, the loop gain L, (green lines)  

L =Gcool/Ge-ph       (1) 

is increased for larger voltage and achieves a value of 10 without power load P0, and a value of 100 for 

power load P0=20 pW. 

Time response of the CEB (τ) versus voltage for two values of incoming power is shown in Fig. 5b.  

τtot = CΛ/ Gtot=τe-ph (L + 1),   with Gtot = Gcool + Ge−ph,      (2) 

Here CΛ = Λ Cv  - is the heat capacity of the normal metal; Cv = γTe is the specific heat capacity; Λ - 

the volume of the absorber and  τe-ph – the electron-phonon time constant. 
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As for TES [17], the time constant is strongly reduced by loop gain L (1) of the negative 

electrothermal feedback. Total time constant is mainly determined by cooling conductance Gcool 

dominated over Ge-ph. Maximum influence of electron cooling on time constant is for higher voltages 

where we have stronger cooling and lower Te than for lower voltages. 

 
Fig. 5 a).Thermal conductance, Gcool and Ge-ph, for P0=0 (blue markers) and P0 =20 pW (red markers) versus voltage of the CEB array. At the 

optimal operating point with minimum NEP, V=12 mV, Gcool is considerably larger than Ge-ph and the difference is increased when optical 

power load is applied. The strength of negative electrothermal feedback, the loop gain L (solid cures), increases for larger P0 and achieves value 

of 10 at the optimal point. 

Fig. 5b.Time constants, τtot and τe-ph, for P0=0 (blue markers) and P0 =20 pW (red markers) versus voltage of the CEB array. The τ is considerably 

shorter than τe-ph due to short τcool. 
 

Various components of theoretically estimated voltage noise versus CEB array voltage are shown in 

Fig. 6 by solid curves, while the measured total voltage noise is shown by symbols with error marks. 

 
Fig. 6. Various components of voltage noise (a) and NEP (b) versus bolometer voltage. Curves - theory, red markers - experiment. Phonon 

temperature 330 mK, absorbed power 20 pW. Photon noise dominats over CEB noise from 11 to 14 mV. 

Fig. 6 shows a good agreement between measured and theoretically estimated noise. In the voltage 

range, where photon noise exceeds the SIN and amplifier noise, one can see a small bump of the total 

noise at the voltages around (11-14) mV, which is well reproduced both in theory and experiment. We, 

therefore, can conclude that in this voltage range the photon noise dominates over the bolometer noise 

and is visible by the bolometer as in [20]. 
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4.  Conclusion 

The CEB with strong direct electron self-cooling of the nanoabsorber by SIN tunnel junctions have 

been realized for the 345 GHz channel of the OLIMPO balloon experiment. The ultimate photon-noise-

limited operation of 2D array of CEBs is achieved due to effective electron self-cooling of the absorber. 

This cooling is acting as the strong negative electrothermal feedback improving noise and dynamic 

characteristics. The absorption in the required frequency band is realized thanks to the 2D array of dipole 

antennas on a thinned Si substrate. This operation was demonstrated with P0 in the range (10-20) pW at 

Tph from 310 to 330 mK. This means that even under relatively high power load the CEBs are working 

at electron temperature Te=160 mK, i.e. much less than the phonon temperature. This is the first 

realization of the bolometer working at electron temperature colder than the phonon temperature under 

relatively high power load. 
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