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Assumptions for calculating Photoemission

Carriers are in 3-D distribution

Carrier momentum (k) change is due to free carrier absorption

Emitter material is isotropic for carrier transport




Threshold Wavelength ()

unbiased

biased

Threshold Wavelength, A, (um)= 1240/ A (meV)
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Emitted carriers

Excited carriers

(towards the barrier)

EF+ hv = f
kperp - (EF + A)

» No photoemission of carriers with final momentum k, where ky < kperp

> Threshold wavelength is well defined by %, = 1/ kpep,
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p (Emitter) i (Barrier)

E;

n(E) should be modified to n(E) x T(E,)

Nemitted = I f(k,) T(k,) dQ
Where T(k,) = T(E cos? 0)
f(k,) = f(E-hv)

Solid State Electronics (9) 949 (1966)



@ Reflection loss for THz Detectors

E-=11meV A=7meV
Ao =174 pm
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Threshold Wavelength = 174 um
Field = 1 kV/cm
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p*AIGaAs

V0207 THz Detector

Al Fraction 0.005

Measured (fo)min = 2.3 THZ [(Ag)max = 128 um]
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Responsivity: V0207
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] GaAs-like TO-phonon
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@ Response model: V0207
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@ Response model: V0207

EXp.
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/] &Z Ring Metal Contact

Top Contact —

Wi, =200 nm | AlGaAs —
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E-=4 meV, A =74 meV
Ao =16.7 pm
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@ Photoemission vs. Bias Field
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@ Reflection loss for Short Wavelength
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@ Reflection loss vs. Barrier thickness

Loss can be minimized

Barrier Thickness
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E-=4 meV, A =74 meV
Ao =16.7 pm
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S,

Emitted carriers

max(Eg, hv)

B+ A}~ /

EF+ hv kperp = f(EF + A)

»  Photoemission prob. is non-zero even for carriers with k ., <k,

perp
»  Threshold wavelength is not well defined

> Instrument noise level determines the threshold




@ Escape Cone vs. Incident Energy
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@ Conclusion

> Reflection loss is significant in short wavelength detectors

» Reflection loss decreases detector signal around the threshold wavelength

» Needs quantum mechanical treatment for hot carrier scattering events
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