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Analysis of differential carrier lifetime in semiconductor

light emitting devices by impedance measurement

Student : Jiang-Jhih, Ma Advisor : Dr. Gray, Lin

Department of Electronic Engineering & Institute of Electronic Engineering

National Chiao Tung University

Abstract

This thesis describes a method for analyzing light-emitting device by measuring its
impedance, where the differential carrier lifetime is extracted within, and the
recombination coefficients for Shockley-Read-Hall, Radiative as well as Auger
recombination are therefore derived. In this study, semiconductor lasers of three different
wavelength bands are investigated: one is 1.5 pm range quantum well lasers grown on InP
substrate, another is 1.3 um range chirped multilayer quantum dot lasers grown on GaAs
substrate, the other is 430 nm quantum well lasers grown on sapphire substrate. At first, the
device impedance is measured under different bias current below threshold for frequency
range between 1 MHz to 500 MHz. Then, the differential carrier lifetime are extracted by
fitting the impedance spectra with relevance electric circuit model. Finally, three
recombination coefficients for device active region are derived through the analysis. The
derived recombination coefficients are close to the published results. As a result, a reliable
method for analyzing the impedance spectra of light-emitting devices is established, and it

can be applied to new materials and new structure devices.
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active A
material[source] A(1/s)
layer | (nm)

InGaAsN[14] 1x 107 1x 10710 1~8 x 102°
InGaAsP[14] 3x107%°

InGaAsP(T = 85°C)[1] bulk 13 45x10% 85x10711 5.8x 10727

InAsP[16] 33x107 31x10711 5.8x 10731
InAs[2] 29x107 18x10711 1.2x1072°

_-----
Crsm s

active A
material A(1/s)
layer | (nm)

QDLD936(V, = 3 x 1019) QD 13 15x107 1.6x10711 4.3 x107%°

QDLD936(V, =10x10°) QD 1.3 15x107 52x10711  4.8x10728

% 45QDLD936 7 I R fE T ot & e o
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nem3)r=0.1  An(1/cm3-s) Bn?(1/cm3 - s) cn3(1/cm3 - s)
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active | A
material[source] A(1/s) B(cm™3/s) C(cm™%/s)
layer | (nm)

GaN[18] QW 354 12x10°  24x10°1 small
6x 107~
InGaN|[20] QW 460 2x 1071 2 x1073°
- 2x108

3,408 - - :
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