
656 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 46, NO. 4, APRIL 1999

The Effect of Auger Mechanism on n-p
GaInAsSb Infrared Photovoltaic Detectors

Yuan Tian, Tianming Zhou, Baolin Zhang,Member, IEEE, Hong Jiang, and Yixin Jin

Abstract—In this paper, the theoretical analysis of the Auger
mechanism in n+++-p GaInAsSb infrared photovoltaic detectors is
reported. The lifetime caused by the Auger mechanism is calcu-
lated depending on the compositions, temperature, and carrier
concentration. We also analyze the effect of material parameters
on the detectivity of the n+++-p GaInAsSb detectors. The calculated
results show that the Auger mechanism could be suppressed by
optimizing the material parameters, so that the performance of
GaInAsSb infrared photovoltaic detectors is improved.

Index Terms—Auger mechanism, detectivity, GaInAsSb, in-
frared photovoltaic detector, (R0AR0AR0A) product.

I. INTRODUCTION

T HE QUATERNARY alloys GaInAsSb create a possibility
to fabricate optoelectronic devices for a spectral range of

2–4 m, which is very important for environmental monitoring
and, perhaps in the near future, for optical fiber communica-
tion. For example, GaInAsSb alloys have already shown their
capabilities to achieve efficient lasers [1] and photodetectors
[2], [3].

Until now, most reports have been focused on material
fabrication for GaInAsSb detectors [4], [5]. The theoretical
analysis of the GaInAsSb detector properties has seldom
been considered. In this paper the theoretical calculation and
analysis results are discussed for n-p Ga In As Sb
infrared photovoltaic (IR PV) detectors working at room
temperature. The figure of merit usually used to characterize
the sensitivity of IR PV detectors is the detectivity [6],
which is dependent on the quantum efficiency and the zero
bias resistance-junction area product. The influence of
diffusion junction current component on the product and
the detectivity of n -p Ga In As Sb IR PV detectors
is considered. Because the lifetime of nonequilibrium carriers
is the most important parameter of semiconductor materials,
which strongly effects the detector properties, we also discuss
the lifetime of Auger recombination in GaInAsSb alloys.

II. DETECTOR STRUCTURE AND THEORETICAL ANALYSIS

We consider a generalized detector structure for n-
Ga In As Sb /p-Ga In As Sb /p-GaSb (Fig. 1).
Due to the GaIn As Sb quaternary alloys lattice-
matched to GaSb, the composition related with the
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Fig. 1. The detector simple structure.

composition is given by

(1)

The detectivity is the main parameter characterizing nor-
malized signal-noise performance of detectors [4]

(2)

Two hypotheses are taken into account in (2). One is
( is the energy bandgap), and the

other is quantum efficiency %. Equation (2) is further
simplified by

(3)

When the temperature and the compositionand are
fixed, the energy bandgap is kept as a constant, so that the
detectivity is only related to the product. The practical
working limit for most IR detectors is a background-limited
infrared photodetector (BLIP), in which optical generation re-
sulting from thermal background radiation exceeds the thermal
component. The BLIP detectivity is only relative with the
temperature and incident optical wavelength [6], [7].

Considering only the diffusion current under a low injection
case, in which the diffusion current is caused by the minority-
carrier, the product in the p region is given by [8]

(p-region)

(4)
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The in (4) is the spatial charge of the p region. The
, and are the diffusion coefficient (cm/s),

diffusion length (cm), effective mobility (cm/V.s), and sur-
face recombination velocity (m/s), respectively, for electrons
in the p region, and represents the intrinsic carrier con-
centration (cm ), and is the major carrier concentration
(cm ) in the p region. The and are electronic charge ()
and Boltzmann’s constant (KeV.K), respectively. The is
the detector working temperature ().

In (4), is embodied by the minority-carrier lifetime,
caused by the Auger mechanism. In general, the spatial charge
of the p region is much less than that of the quasineutral region,
so that the in (4) can be neglected. Thus, (4) and (3) are
simplified as

(5)

(6)

Among various types of Auger processes which are possible
in an InSb-like band structure, the two with the smallest
threshold energy, Auger 1(A-1) and Auger 7(A-7), are most
important [9]–[11]. Because the band structure of GaInAsSb
quaternary alloys is complicated, it is simplified as an InSb-
like band structure in this paper. In the narrow band gap
materials, when the spin split-off band is near to or wider
than the energy bandgap , the spin split-off band in the
Auger mechanism plays a much more important role than A-
7 for direct-bandgap materials [14], which is called Auger
S(A-S). The A-1 mechanism is dominant in n-type materials,
while A-7 and A-S are dominant in p-type materials [12],
[13]. Auger mechanism determines the performances of most
near-room-temperature PV detectors.

The effective carrier lifetime can be determined by [14]

(7)

The lifetimes for A-1, A-7, and A-S mechanisms are written,
respectively, by [14]

(8)

(9)

(10)

where and are the hole and electron carrier concentra-
tions at equilibrium state in the same material, respectively,
and indicates the intrinsic reconbination time.

The intrinsic Auger 1 recombination time is given by [12]

(11)

where

ratio of the conduction and the heavy-hole
valence-band effective mass;
relative static dielectric constant;
electron static mass;
overlap intergrals of the periodic part of the
electron wave function.

The intrinsic Auger 7 recombination time is given by [12]

(12)

where is the ratio of Auger 7 and Auger 1 intrinsic
recombination time. According to [10]

(13)

The intrinsic Auger S recombination time shows a
different expression for as well as . For

[15]

(14)
For [15]

(15)

(16)

(17)

(18)

III. CALCULATION RESULTS AND DISCUSSIONS

In this section, the dependence of the lifetime of the Auger
mechanism for GaInAsSb alloys and the detectivity for the
n -p GaInAsSb detectors on the material parameters are
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Fig. 2. The dependence of Auger lifetimes on the compositionx of p-GaxIn1�xAs1�ySby alloys lattice-matched to GaSb at different temperatures:
(a) T = 200 K; (b) T = 300 K; (c) T = 350 K; for p = 6:4 � 10

15 cm�3.

Fig. 3. The dependence ofD�
BLIP

and the detection wavelength at 300
K and D� for n+-GaxIn1�xAs1�ySby detectors lattice-matched to GaSb
at different temperatures on the compositionx. p = 6:4 � 10

15 cm�3,
�p = 240 cm2/v.s, Se = 0, andd = 5 �m.

analyzed. The dependence of GaInAsSb alloy parameters on
the compositions and are taken from [16].

The dependence of , , and , on the composi-
tion in p-Ga In As Sb alloys at different temperatures
200, 300, and 350 K is shown in Fig. 2, where the p-side
carrier concentration is cm . Fig. 2 indicates that
the carrier lifetime strongly depends on Auger 7 and Auger
S mechanisms in the p-type materials, and the effect of the
Auger 7 process is more apparent in the rich-GaSb range than
that in the rich-InAs range.

Fig. 3 shows the dependence of for n -p
Ga In As Sb detectors on the composition at
different temperatures 200, 300, and 350 K. Moreover,
and the detection wavelength at 300 K are plotted in Fig. 3.

is calculated from (6), where cm ,

Fig. 4. The Auger lifetimes of a p-Ga0:8In0:2As0:19Sb0:81 alloy lat-
tice-matched to GaSb at 300 K as a function of the p-side carrier concentration
(p).

cm /v.s, , and m. It is indicated in
Fig. 3 that the detectivity will be improved with decreasing
the temperature, therefore the extensive detectors cooling
is used to improve the performance. However, the cooling
makes devices bulky and inconvenient in use. In practice,
the suppression of the Auger mechanism is very promising
way at the room temperature. Comparing Figs. 2 and 3,
the similar trend can be found. The in Fig. 2 and
the in Fig. 3 are both increased with composition.
Large suppresses the Auger mechanism so that the
performance of detectors is improved, which is expressed as
increasing . We hope the detectors work in the range of
2–4 m, so the rich-GaSb GaInAsSb materials are suitable
in Fig. 3. In addition, high can be obtained using these
kinds of materials.
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Fig. 5. The calculatedD� and �Auger [Fig. 5(a)] of an n+-p Ga0:8In0:2As0:19Sb0:81 detector latticed-matched to GaSb at 300 K as a function of the
p-side carrier concentration (p) and (a) the back surface recombination velocity (Se); (b) the p-side width (d); and (c) the p-side mobility (�p). The
BLIP detectivity has been calculated forTB = 300 K and � = 1.

The dependence of Auger lifetimes in a p-GaIn
As Sb alloy on the relative carrier concentration at 300
K is shown in Fig. 4. When the hole carrier concentration is
larger than the intrinsic carrier concentration, the probability
of holes participating Auger recombination processes higher
than that of electrons, thus, Auger 7 recombination becomes
the main role and decides the Auger mechanism. Therefore,
the influence of the Auger 1 and Auger S processes can
be negligible in the range of the carrier concentration larger
than the intrinsic carrier concentration. However, in the
range near to the intrinsic carrier concentration, all processes
will contribute to the carrier lifetime.

Fig. 5 shows the dependence of for an n -p
Ga In As Sb detector, working at room temperature,
on the p-side carrier concentration and other material
parameters such as the width (), the mobility ( ), and
the back surface recombination velocity (). In addition
the as a function of the p-side carrier concentration
is plotted in Fig. 5(a) in order to compare how the Auger
mechanism effect . Comparing the plots of at
and in Fig. 5(a), it is showed that, at , high

can be obtained with large in the range of
cm . This result also indicates that the suppression

of the Auger mechanism can improve . Meanwhile, it is
apparent that the higher back surface recombination velocity
strongly decreases the detectivity and the peak ofmoves
to the larger carrier concentration with increasing. Until

is larger than 10 m/s, will not be affected by .
The dependence of the detectivity on the p-side carrier

concentration can be divided into three regions. In the range
of cm , only the variation of the back surface
recombination velocity has a strong effect on the detectivity,
however, in the range of cm , only the p-side
mobility has an influence on the detectivity. In the p-side
carrier concentration range of 10–10 cm , variations of
all parameters will change the detectivity. Now, let us analyze
the above results.

The electron diffusion length in a p-GaIn As Sb
alloy is related to the carrier concentration. Table I shows the

TABLE I
THE RELATIONSHIP OF THE ELECTRON DIFFUSION

LENGTH WITH THE p-SIDE CARRIER CONCENTRATION

relationship of the electron diffusion length with p-side carrier
concentration with cm /V.s and K. Using
Table I, (5) can be made a further approximation basing on
the relationship of and .

For cm

(19)

For cm

(20)

if is neglected in (20),

(21)

For cm , it is just (5).
Equations (21), (19), and (5) correspond to the above three

regions. For , is not related with the width
and the mobility, while is not related with and
for . Because of in (6), the variation
of is similar to that of .

A common characteristic exists in each part of Fig. 5.
When the p-side carrier concentration is larger than
10 cm , the detectivity stays a constant with
increasing p-side carrier concentration, with as a constant.
This result can be explained from (19).
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Substituting (8), (9), and (10) into (7), we can obtain

(22)

Because of cm , the relationship of
can be used, thus

(23)

For a fixed composition and temperature, is kept
as a constant. Due to in (21),
is a constant with a fixed . In (6), ,
is kept as a constant for cm with a fixed ,
which has been shown in Fig. 5. This result also indicates that
the Auger mechanism will not affect the detectivity when the
p-side carrier concentration is larger than 10cm .

IV. CONCLUSIONS

In this paper, the theoretical analysis of the Auger mech-
anism influence on the n-p GaInAsSb infrared photovoltiac
detectors is considered. It is shown that the Auger mecha-
nism is embodied through the lifetime which depends on the
material carrier concentration. The detectivity is affected
by the Auger mechanism when the carrier concentration in
the p region is less than 10 cm . At the same time,
the calculated results demonstrates that reducing the volume
and the carrier mobility in the p region will increase the
corresponding detectivity. Under the condition of the thin p
region ( ), the lower surface recombination velocity is
expected for in an n-p structure.
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