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Abstract — Although InP/GaAs0.51Sb0.49/InP DHBT has recently attracted much interest, some sensitive material parameters are still uncertain. We detailed the simulation methodology used to evaluate bandgap energy, minority carrier lifetime and band gap narrowing effect. Moreover, the high-injection effect is analysed as resulting from electron parasitic barrier formation at base-collector junction.



I. INTRODUCTION The InP/GaAsSb/InP DHBT have recently attracted much interest, mainly owing to GaAsSb/InP type II heterojunction which favours the injection of electrons from the base into the collector. Since the development of the first InP/GaAsSb/InP HBT [1,2], various doping and structure designs have been performed [3,4] to improve both ac and dc performances. Accurate physical simulation can save expensive technological effort to obtain significant improvements of the device performances. However, to authors knowledge, simulation of InP/GaAsSb/InP HBT has still not been reported. This is probably due to lack of experimental results and data regarding the material characteristics of the p-type carbon highly doped GaAs0.51Sb0.49 base. As one of the key points to construct trustful simulation is the accuracy of material parameters, this paper presents 2D simulation of dc characteristics of InP/GaAsSb/InP DHBT with the procedure developed to adjust unknown material parameters. The comparison between measured dc characteristics and simulated ones is used to validate this study. Layer (1) InGa0.47As0.53 (2) n++ InP (3) n+ InP (4) p GaAs0.51Sb0.49 (5) n InP (6) n++ InP (7) InGa0.47As0.53 (8) InP (semi-insulator)



II. SIMULATION A schematic view of DHBT cross-section and a description of the epilayers are given respectively in figure 1 and table 1. Using the symmetry properties of the structure, it is possible to limit the simulation domain to half a device (a symmetry axis is considered in the middle of emitter). The virtual device is built with the solid modeller MDRAW-ISE. DESSIS-ISE software is used to simulate the DHBT dc characteristics. The carrier transport mechanisms are described by hydrodynamic model derived from Stratton energy balance equations [5]. To take into account high doping effect in the GaAsSb base layer, Fermi-Dirac statistics and bandgap narrowing are considered.
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Fig. 1. Schematic view of the cross-section of the simulated DHBT and description of its epitaxial structure. The emitter surface is (3u20) Pm².



Doping (cm-3) (Si) 1x1019 (Si) 3x1019 (Si) 3x1017 (C) 4x1019 (Si) 1x1016 (Si) 1x1019 (Si) 1x1019 (Fe) -



Thickness (nm) 100 100 50 50 300 50 50 -



Table 1: Description of the DHBT epitaxial layers
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B. GaAs Minority Carrier Lifetime



III. RESULTS A. Band Gap Narrowing of GaAsSb base layer th



The theoretical value [6], EG = 0.72 eV of the energy band gap of GaAs0.49Sb051 at 300K does not account for effects of possible (i) strain and ordering known to result in overall reduction of the band gap energy or (ii) band gap energy reduction due to the heavy doping. Hence, base energy band gap, EGB=EGth'EG is introduced in the simulation where 'EG is the band gap narrowing (BGN). The band gap narrowing results in the lowering of the conduction band GC and/or the upward shift of the valence band GV, such that GV + GC = 'EG as it is sketched in figure 2.
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Schematic illustration of the band gap lineup in the intrinsic DHBT



As, the 'EG distribution between the conduction and the valence energy bands has not significant effect on the DHBT dc curves [7], 'EG is assumed to be equally distributed between the valence and conduction energy bands (Gv = 'EG/2 and Gc='EG/2). To determine 'EG, the collector current density, JC, is simulated under forward bias for different 'EG values (0 to 105 meV). Figure 3 shows the comparison between measured and simulated collector current density, JC. The best agreement is achieved for 'EG=70meV.



5



10



4



Jc (A/cm²)



1x10



105 meV



70 meV



3



1x10



35 meV



2



10



0 meV 1



10



0



10



0.4



0.6



VBE (V)



0.8



1.0



Fig. 3. Measured (2) and simulated (solid line) collector current density as function of base-emitter bias for VCB=0 V and for 'EG(BGN) values of 0, 35, 70 and 105 meV



584



1x10



5



1x10



4



1x10



3



Current density (A/cm²)



Emitter



Assuming that radiative recombinations are always negligible at high doping level and according to references [8,9], Auger, radiative and surface SRH recombination mechanisms are ignored, only SRH bulk recombinations into the p-GaAsSb base are considered. To estimate the minority carrier life time, Wn, forward Gummel characteristics were simulated for different Wn values and compared to the measured one. In these simulations, the GaAsSb recombination centers are assumed to be located at mid gap. Simulated and measured Gummel plots are shown in figure 4. and show good agreement for Wn| 0.5 ns. IC
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Fig. 4. Measured (2) and simulated base and collector currents densities versus base-emitter bias for VCB=0 V and for three values of electron life-time in the base: W n = 0.05 ns (1), W n = 0.25 ns (2) and Wn = 0.5 ns (3)



C. High Current Effect The purpose is to investigate the mechanism responsible for the gain drop at high JC observed in the inset of figure 4 for collector current density, JC higher than 3x104 A/cm2 (VBE around 0.73 V). Indeed, At low injection currents, JC 
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