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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. 
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II. SIMULATION

chematic view of DHBT cross-section and a 
ption of the epilayers are given respectively in 
 1 and table 1. Using the symmetry properties of 
ucture, it is possible to limit the simulation domain 
f a device (a symmetry axis is considered in the 
 of emitter). The virtual device is built with the 

modeller MDRAW-ISE. DESSIS-ISE software is 
o simulate the DHBT dc characteristics. The carrier 
ort mechanisms are described by hydrodynamic 
 derived from Stratton energy balance equations 
o take into account high doping effect in the 
b base layer, Fermi-Dirac statistics and bandgap 
ing are considered. 
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. Schematic view of the cross-section of the simulated 
T and description of its epitaxial structure. The emitter 

surface is (3 20) m². 
Layer Doping (cm-3) Thickness (nm) 
(1) InGa0.47As0.53 (Si) 1x1019 100 
(2) n++ InP (Si) 3x1019 100 
(3) n+ InP (Si) 3x1017 50 
(4) p GaAs0.51Sb0.49 (C) 4x1019 50 
(5) n InP (Si) 1x1016 300 
(6) n++ InP (Si) 1x1019 50 
(7) InGa0.47As0.53 (Si) 1x1019 50 
(8) InP (semi-insulator) (Fe)  - - 

Table 1: Description of the DHBT epitaxial layers  



III. RESULTS

A. Band Gap Narrowing of GaAsSb base layer 

The theoretical value [6], EG
th = 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=EG

th-
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 C and/or 
the upward shift of the valence band V, such that V + 

C = EG as it is sketched in figure 2.
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Fig. 2. 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 ( v = EG/2 and c= 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. 
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Fig. 3. Measured ( ) 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 

B

A
negli
refere
recom
recom
To e
Gum
value
simu
assum
meas
show

Fig
curr

C

T
respo
inset 
than 
injec
in th
conce
The 
the e
value
reach
colle
conce
injec
comp
injec
well 
How
class
InP/G
disco
oppo
Indee
hole 
the e
. GaAs Minority Carrier Lifetime  

ssuming that radiative recombinations are always 
gible at high doping level and according to 
nces [8,9], Auger, radiative and surface SRH 
bination mechanisms are ignored, only SRH bulk 
binations into the p-GaAsSb base are considered. 

stimate the minority carrier life time, n, forward 
mel characteristics were simulated for different n
s and compared to the measured one. In these 
lations, the GaAsSb recombination centers are 

ed to be located at mid gap. Simulated and 
ured Gummel plots are shown in figure 4. and 
 good agreement for n  0.5 ns. 
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. 4. Measured ( ) and simulated base and collector 
ents densities versus base-emitter bias for VCB=0 V and 

for three values of electron life-time in the base:
 n = 0.05 ns (1),  n = 0.25 ns (2) and n = 0.5 ns (3)

. High Current Effect  

he purpose is to investigate the mechanism 
nsible for the gain drop at high JC observed in the 
of figure 4 for collector current density, JC higher 
3x104 A/cm2 (VBE around 0.73 V). Indeed, At low 
tion currents, JC<3x104 A/cm², the electron density 
e collector (figure 5b) is smaller than the donor 
ntration in the lightly doped collector (1016 cm-3).

electric field, in the C-B space charge region has 
xpected triangular shape with a maximum negative 
 close to the B-C interface (figure 5a). When JC
es 30 kA/cm², the density of electrons into the 
ctor starts to exceed the collector donor doping 
ntration and corresponds to the onset of the high 

tion regime. In homojunction bipolar devices, to 
ensate the excess electron concentration, holes are 

ted from the base to the collector leading to the 
known base push-out effect (Kirk effect). 

ever, for the InP/GaAsSb heterojuntion, no 
ical base push-out can take place in the 
aAsSb system, because the large valence band 

ntinuity at the B-C heterointerface, EV (0.88 eV) 
ses the flow of holes from the base to the collector. 
d, even at JC values higher than 30 kA/cm², the 
density into the collector remains much lower than 
lectron density.



Fig. 5. Profile of :  
Electric field  Electron density  
Hole density  Electron-hole recombination rate  
at VBC=0 V and for four collector current densities
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nstead of the occurrence of the classical base push-
ffect, a parasitic electron barrier build up at the 
collector interface [10]. The positive, electric field 
 near the base-collector junction in figure 4a, 
sponds to a potential barrier. This positive 
ing electric field has two effects on the dc 
tion of the DHBT:  
i) Many of electrons injected to the collector 

are reflected back at the B-C 
heterojunction, leading to the quasi-
saturation of JC observed around 
VBE=0.73 V in figure 4 and hence, the 
increase of the electron density into the 
base.

ii) (ii) Holes are injected into the base to 
ensure the charge quasi-neutrality. This 
effect causes an increase of the electron-
hole recombination rate into the base 
(figure 5d) and hence the rise of the base 
current, JB, is observed in figure 4, at 
VBE=0.73V.

he resulting increase in the base current together 
the saturation of the collector current cause the 
t decrease of current gain for JC>3x104 A/cm². 

igures 6 and 7 summarize the impact of either 
sic (donor concentration and depth) and extrinsic 
ic contact resistivity) DHBT collector parameters 
he onset of high current effect regarding the 
tion of gain current versus collector current 
ty. 
ndeed, it is important to understand the 
dence of the parasitic barrier formation at the 

collector interface on device features. Obviously, 
r is the onset of the parasitic barrier formation, JCK,

r the DHBT dc and ac performances at high 
ctor current density. Therefore, we have studied the 
dence of JCK, as a function of intrinsic and 
sic device structure parameters as well collector 

ness and doping concentration as collector ohmic 
ct resistivity. 
he onset of the electron parasitic barrier 

ation, at VBC=0 V, is commonly expressed as: 

2

2( )bi
CK sat C

C

VJ qv N
qW

     (1) 

e vsat is the electron saturation velocity into InP 
ctor (1.2x107 cm/s), Vbi is the base–collector built-
tential,  is the InP static dielectric permittivity, 
the collector doping concentration and WC the 
ctor thickness. 
rding to Eq. (1), reducing WC from 300 nm to 
m and increasing NC from 1x1016 cm-3 to 

16 cm-3, should approximately multiply JCK by four. 
omparison between the simulated current gain for 
sets of collector parameters, NC=1x1016 cm-3,
00 nm and NC=5x1016 cm-3, WC=200 nm is shown 

gure 6. Contrary to the results expected from 
ion 1, no more than 10% rise of JCK is observed. 



Fig. 6. Simulated current gain versus collector current 
density at VBC = 0 V for two collector structure configurations 
with collector contact resistivity of 4x10-6 cm2:

(o) NC =1x1016 cm-3 and WC = 300 nm, 
( ) NC =5x1016 cm-3 and WC = 200 nm. 

Figure 7 shows the simulated current gain as a function 
of the collector current density for different values of 
collector contact resistivity, C. Both simulation fitting 
procedure and measurements on TLM test structures 
have lead to 4x10-6 cm2 collector ohmic contact 
resistivity. The decrease of C, greatly increases the 
DHBT current gain at high collector current density. 
Indeed, JCK rises from 3x104 A/cm² to more than 
3x105 A/cm² when C is decreased from 
4x10 6 cm2 to 4x10- 7 cm2. In complement to Eq. (1) 
defining a JCK threshold related to intrinsic operation, 
the results presented here emphasize the importance of 
the collector ohmic contact resistivity to improve HBT 
performances at high collector current density. 
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Fig. 7. Simulated current gain versus collector current 
density at VBC=0V for collector ohmic contact resistivity of: 

(1) C = 4x10-6 cm2;  (2) C = 1x10-6 cm2

(3) C = 2x10-6 cm2;  (4) C = 4x10-7 cm2

The collector doping is 1016cm-3 and its depth is 300nm. 

In fact, the well-known relation (Eq.(1)) used to 
evaluate JCK, does not take into account an extrinsic 
parasitic effect, which is the collector voltage drop due 
to the sub-collector ohmic contact resistivity and hence 
overestimates the impact of the intrinsic collector 
parameters, NC and WC, on JCK.
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he reduction of the sub-collector contact 
ivity does not eliminate the mechanisms leading to 
rmation of the parasitic barrier, but notably shifts 

fect on the current gain to higher collector current 
ty. Thus, the enhancement of the DHBT operation 
igh current density requires not only the 
isation of intrinsic collector parameters as it is 
sted by the analytical relation (Eq. (1)) but also the 

ty of the collector ohmic contact. 

IV. CONCLUSION

librated 2D simulation of dc characteristics of 
aAsSb/InP DHBT is presented. The developed 

odology has allowed to adjust some unknown or 
tain GaAsSb material parameters. In particular we 
 that the base bandgap is about 10% lower than the 
ted value. This result is attributed to a band gap 
wing due to the heavy doping and/or the 
rystalline effect. Moreover, at high injection, the 
nt gain degradation mechanism has been 
tigated. We have shown that the gain drop is 
d by the formation of a parasitic barrier at the 
collector interface but also depends on the quality 
 collector ohmic contact. 
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