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temperature lowering limit
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National Chiao Tung University

Abstract

In this thesis, we performed a self-consistent calculation to study the cooling
performance of electroluminescent (EL) refrigerators. We investigated the cooling
feasibility of an EL cooler under a reverse bias, the influence of the laser pumping on
the EL refrigeration, and the limiting contact resistance of an EL cooler. Furthermore,
by including the power conservation into our calculation, we can evaluate the ultimate
cooling temperature of the semiconductor EL cooler.

We showed that neither operating a semiconductor EL cooler at a reverse bias
nor applying laser pumping are good methods to improve the cooling capability. This
in mainly due to the small current density at the reverse bias and extremely high laser
intensity is required to obtain an observable improvement of cooling power. Under the
ideal condition that only the thermal radiation is considered, the lowest temperature
semiconductor EL coolers with a GaAs active layer can achieve is 112 K. This is
better than the lowest temperature 210 K achieved by EL coolers whose active layer is

made of Ing 53Gag 47P.
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B

Richardson constant

: n-type Auger coefficient
. p-type Auger coefficient
: Acceptor level energy

: Conduction band energy
: Donor level energy

: Bandgap

: Valance band energy

1 - Electron quasi-Fermi level energy
»: Hole quasi-Fermi level energy

: photon energy

: Net generation rate

Ground state degeneracy factor for

acceptor levels

Ground state degeneracy factor for
donor levels

Laser intensity

Net current density

: Electron current density

: Hole current density

- Boltzmann constant

: Electron effective mass

m: . -Heavy hole effective mass

m, ,,; :Light hole effective mass

R:

n-type doping concentration

: Acceptor ionization concentration

: Effective electrion density of state

: p-type doping concentration

: Donor 1onization coneentration

: Effective hole density of state

Carrier concentration under thermal

equilibrium

Net recombination rate

R, ‘Auger recombination rate

R, ‘Radiative recombination rate



Rg,,, - Shockley-Read-Hall

recombination rate
r: Spontaneous emission rate

T: Device temperature

T, : Environment temperature

a: Absorption coefficient

Emissivity

g, Dielectric

ﬂxp:
ﬂn:

ﬂp:

. Electron life

7 : Hole lifetime

¢ Potential
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Thermionic Current

Tunneling Current
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Material 1 Material 2
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E,, =max|E,(x )} E,(7)| (2.29)
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