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Theoretical Analysis of the Detectivity in N-p and
P-n GaSb/GalnAsSb Infrared Photodetectors

Yuan Tian, Baolin ZhangMember, IEEETianming Zhou, Hong Jiang, and Yixin Jin

Abstract—n this paper, the detectivity as well as the quantum
efficiency and the zero-bias resistance-area product in N-p I 'vl
and P-n GaSb/Ga slne.2ASe.19Shs g1 infrared detectors is bedsd

|
|
|
1

analyzed, based on the incident wavelength and the parameters Yot | Gaso | Gay 5N 2ASg 155y 51
of GaSb and Ga.glng.2ASy.10Shy s1. The results show that NP) | )

the detectivity for the N-p structure is much higher than that

for the P-n structure. In addition, the tunneling mechanism in |

both heterostructures strongly decreases the performance of L
Gag slNg 2ASy.19 Shy 51/GaSb detectors. The optimum detectivity
is obtained when the zero-bias resistance-area product is limited Fig- 1. Structure of GalnAsSb/GaSb detector.
by the generation-recombination mechanism. Furthermore,

the detectivity in the N-p heterostructure is saturated with 4«
a small thickness of p-G@.glng2ASp.19Shys1 While the one
in the P-n heterostructure is maximum with the thickness of

4rm*qK? /h®Effective Rechardson constant
6 Fermi level

n-Gag glNg.2ASe.190Shy g1 in the range of 2.5-3pm.
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Electron diffusion length in p-side
Electron diffusion coefficient in p-side
Surface recombination velocity in p-side
Reflectivity on th p-side surface
Absorption coefficient on the p-side

. INTRODUCTION

UATERNARY GalnAsSb alloys are of great interest
Qfor mid-infrared applications including infrared re-

mote sensing systems, environmental monitoring and
optical fiber communications [1]-[3]. They can be grown
lattice-matched on GaSb substrates, and GalnAsSb/GaSb
forms type-ll heterojunctions with a staggered or broken
alignment [4]. For the type-1l band alignment, electrons and
holes are separated at both sides of heteroboundary. More-
over the wide-band-gap material is considered as a window
layer, in which the high-energy photons are absorbed in
the wide-band gap material while the low-energy photons
cross the wide-band-gap material and are absorbed in the
narrow-band-gap material near the heterointerface. Alloys
of GalnAsSb lattice-matched to GaSb span the wavelength
range of 1.7-4.3um and thus the GalnAsSb/GaSb material
system is ideally suited for devices to be used in this range.
For example, Zhang [5] reported GalnAsSb/GaSb infrared
photodetectors prepared by MOCVD for room-temperature op-
eration at 2.2%um. Shi [6] fabricated resonant cavity enhanced
GalnAsSb photodectors grown by MBE for room-tempera-
ture operation at 2.3mm. In this paper, the detectivitp*,
associated with the quantum efficiengyand the zero-bias

Fp Hole mobility resistance-area produély A, is calculated and analyzed for
Xn Transmission coefficient for holes GaSb/Gag glng.2Asy.s1Shy.19 infrared photodetectors with N-p

K Boltzmann's constant or P-n structures (upper-case letters present wide-band-gap ma-
T Detector temperature terials and lower-case letters are narrow-band-gap materials).
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Fig. 2. Energy band profile before and after the formation of an abrupt N-p staggered type Il heterojunction.

material systems are staggered type-Il heterostructures. That iSeveral simple equations linking the above quantities are
either the conduction or the valence band of one semicondudisted:
lies outside the bandgap of the other material, and the band off-

sets have the same sign (referring to the electron level), which Va=Vaa+Vap 1)
is shown in Fig. 2(a). According to Anderson's model [7], when
the two kinds of material form an abrupt p-n heterojunction, a AE. =X4—Xp ()
spike and a notch occur in the conduction or valence band at
the heterointerface. Fig. 2(b) shows the energy band profile of AEg=FEgs — Egg 3
the staggered type-Il N-p heterojunction. In order to get a clear
definition of relevant physical quantities for the discontinuity AE.+ AE, = AEg 4
of a heterojunction, the definition based on Fig. 2(b) is listed
as follows|8]. b4a+6g+Vy—8E.=FEggp

1) Fgs and Egp are the bandgaps of the wide- and (for an N-p heterostructure) (5)

narrow-band materials.

2) AEgis defined as the difference between the wide- and, + 65 — V;, +6E, = Eg.4 (for a P-n heterostructure). (6)
narrow-band semiconductors so tiaE g > 0.

3) AE, and AE, are the conduction- and valence-band In this paper, the selected structure is oGkno.»
discontinuities at the heterointerfacAE. > 0 means ASo.19Sks1/GaSb, in which the lattice of Galng.-
that the conduction-band edge of the wide-band senfiSo.10Sk.s1 material is matched to GaSb. Thus, the effective
conductor is at a higher energy level compared to th@@velength range is in 1.7-2,8n. The figure of merit usually
of the narrow-band semiconductor, and vice versa Ws€d to characterize the sensitivity of infrared photodetectors
AE, < 0. AE, > 0 means that the valence-band edg'ts the detectivityD*, which depends on the wavelength of the
of the wide-band semiconductor is at a lower energficident light A, the quantum efficiency; and the zero-bias
level compared to that of the narrowband semiconductdgsistance-area produ A,
and vice versa iAE, < 0.

4) V, is the built-in potential at the heterojunction deple- D" = A M
tion region andV,4, V,;p are the barriers due to the he 4KT
band bending of the two sides of the heterointerfaceshereRo A = KT/q.J,, andJ; is the saturated current.
respectivelyV, > 0 means that the band bending of the As discussed in a homojunction GalnAsSb infrared detector
wide-band semiconductor is upward, and vice versa [®], we consider four fundamental kinds of noise mechanisms
Va < 0. in GalnAsSb/Gasb detectors: Auger and radiative mechanisms

5) ¢ is the distance between the Fermi-level and the baflobth in the diffusion current) in the n and p neutral regions,
edge. Fob > 0, the Fermi-level is in the forbidden band,generation-recombination mechanism (G-R) in the depletion re-
while for 6 < 0, the Fermi-level is up above the conducgion, and tunneling mechanism (corresponding to electrons and
tion band or below the valence band. holes) through the barriers at the heterointerface. In this calcu-

6) X and®, defined as the electron affinity and work funciation, either for the N-p structure or for the P-n structure, the
tion of a given semiconductor, respectively, are energi€aSh material is considered as a window layer, from the surface
required to remove an electron from the bottom of thef which the light is incident, and only the photons with the en-
conduction band£.) and from the Fermi-levglE ) to  ergy lower than the GaSb bandgap can cross GaSb and reach
the vacuum level, respectively. GalnAsSb.

()



546 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 47, NO. 3, MARCH 2000

TABLE |
DIFFUSION AND TUNNELING CURRENTS AND THEENERGY PROFILES IN THEHETEROSTRUCTURE
Energy band profile p region n region
Vdp > AEC VdN > AEV
_ -q(V;—AE,) - —-q(Vy - AE,)
Diffusion | /% =1 °XP[ C/KT Js, = Crexp v/KT
current Vd, <AE, Vay <AE,
. -qV, -qVy
N-p J, =G exp[ 9 d%T] Js, =G exPI: %T}
. 4, +d, . Vi, +6x
Tunneling J‘p =A TZPIJ exp( KT ) Js,,, =4 TZPN exp(—%———
current
. _ .= +
Emax=min[Ey(0), Ey(Wp)]  [Emin=max[Ec(0™), Ec(WN)]
Op>Py, Dp>Dp
—q(¥, ~-q(V; + AE
Diffusion |J5, =C CXP[ 9 +AEC%(T] Jsp =G exp[ i\ v%g{l
current
P-n Op<dy Dp<dp
—-qg(AE,. -V, —-q(AE, -V,
J, =G exp[ q(AE, ""%(T] 1, =C exp[ 9(AE, d”%T}
T I . Vd —5,> +AEv 5 AE
unneling J.‘_P =4 TZP,, cxp(l’_l?_i___ J =4 T2P exp —T
current
Emax=min[Ey(07), EXWN)]  |Epin=max[E¢(0™), E¢(Wp)]
A. Auger Mechanism and Radiative Mechanism B. Generation-Recombination Mechanism

The diffusion current, the fundamental current in a p-n junc- As in an n-p homojunction, the carrier transport across a het-
tion detector is determined by the Auger and radiative meckrojunction is affected by the trap level in the depletion region,
anisms (RoA)auger @and (RoA)raa]. Because of the discon- in which the current flow occurs by the generation-recombina-
tinuities in the bandedges at the heterointerface, the diffusitbon of electron-hole pairs [10}.RoA)gr is related with the
current in a p-n heterojunction is different from that in a p-intrinsic carrier concentration and the parameters in the deple-
homojunction. Considered the transport of electrons in an Ntipn region [11], [12]. However, because of the discontinities in
heterojunction in Fig. 2(b), only the electrons in the wide-barttie heterojunction band edges at the heterointerface, the G-R
material with the energy higher than the barrj&} 4 can reach mechanism is divided into two part§iio 4)gr in the n and p
the heterointerface of the narrowband material, and similarijepletion regions,
the electrons in the narrowband material with the energy higher
than the barrie\E. — ¢V;5 can reach the heterointerface of
the wideband material. These two components contribute to the
electron diffusion current. The hole diffusion current has the
same process. The diffusion currents for electrons and holesTae subscript presents the material type.
well as the energy band profiles for N-p and P-n heterostructures
are shown in Table I, respectively. In the diffusion currents, tfe. Tunneling Mechanism

parameters of’; andC; are given by In type-II heterojunctions, both electrons and holes are sep-

arated at the both sides of the heteroboundary. If the thickness
of the barrier is sufficiently thin, the electrons and holes with

energy below the barrier can cross the heterointerface to form
the tunnel current, which is an important noise mechanism [13],
[14]. A numerical model for tunneling across the heterointer-
face is presented by developing a therminoic-field emission
boundary condition, which is formulated based on the WKB
approximation, and the detailed derivation is described in [13].
There, only the electron tunneling in the conduction band was
D=KTulq, L=(Dn)'? ~y=LS/D considered. However, for the staggered type-Il heterojunction,

a barrier exists at the heterointerface of the valence band and

whereL is diffusion length. the hole tunneling must be considered. The tunneling currents

2KTn;cw.oNy |3KT
JSGRC = Vd m* N

c C

(10)

D, Ve COSh( ) +sinh (¢ LWP

(
Le Ye sinh (dL‘j”) +cosh(de”
(2

Ci = an

Cy = qpXj,—

Ly ~1, sinh

D;, M COSh(t Lw ) + sinh
t—W,, =W,
( T ) + COSh( T
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in p and n regions for N-p and P-n heterostrucutures are al: 109 T=300K
shown in Table I. In the tunneling currents, the tunneling factor _ "8 p=pe1g17 gy
of P, and P, are given by § 1;: /\ §
E.(07) _ % 10t — — forP-nstructure g 109
CXP\ —KT E(07) E, & 8} ——forNpstucture S
P=———= T(E,)expl| — dEx L 6}
KT /E (5] p( KT 2 i
(11) 2 N W0l o .
171819202122232425 1718192021222324
+ A{pm) A(pm)
exXp (_ EUS(’(;" )) »Emax Eac @) ®)
P, = —/ T(E,)exp| — ) dE=.
KT B, (01) KT
? (12) Fig. 3. Detectivity in N-p and P-n structures as a function of the incident
. . - photon wavelength witm = p = 10" cm=3, N, = 10" cm2, 0 =
T(E,) is the tunneling probability [15] 105 cme S, = S, = 0andt = 0.5 um, i =5 sm (for the N-p

structure) of = 5 pm,d = 0.5 pm (for the P-n structure) and the experimental

_ |:_2/acl 2m*—Ex d%:| (13) responsivity spectrum for p-GaIng 2 ASy 15 Shy s2/N-GaSb photodetector at

zero bias with the incident light from the GaSb surface.

wherez; andz; are defined as the position of beginning angdqresponding ones in the P-n heterostructure, which are shown
end for carrier tunneling. as follows:N — P;ry — 7p; L, — Le; Wy — Wpsay —
Ap;Vh = Yes P — TL;Le - Lh§Wp - Wn§ap — QpiYe —

1. The definitions forL;,, L., ~., v, are the same as those in
When photo fluxty is incident on the surface of the wide-the diffusion currents.

band gap material, the generation rate of electron-hole pairs aghe parameters before arrow are the ones in the N-p structure
a function at distance from the surface is [16] and those after arrow are in the P-n structure.

G = a(N)(1 —r4)Pexp[—a(N)z]. (14)

D. Quantum Efficiency

I1l. RESULTS AND DISCUSSIONS

Under the condition of low injection and an abrupt junction The calculations have been performed on p-N and n-P
in a one-dimensional (1-D) model, at wavelengtivhere the Ga, sIng 2Asy 19Shy s1/GaSb infrared photodetectors at 300 K.
absorption coefficient ig, the quantum efficiency of a detector,The incident light is from the surface of the GaSb material with
from the three region§y,., n,, 74-), two neutral regions and aan ideal state, in which all photons with the energy lower than
depletion one, are as follows. the bandgap of GaSb are assumed to cross GaSb and reach

1) Quantum Efficiency for the N-p Heterostructure [7], [17],Ga, sIng 2Asy.19Shy 1. Attenuation of the incident light due
[18]: See (15) and (16), shown at the bottom of the page, and the surface recombination, impurity absorption and lattice
scattering, etc., is neglected. The dependence of GalnAsSb
alloy parameters on the compositionsy has been published
in [19]. In our calculationx and .V in the p- and n depletion
regions are assumed to be the same and the mobilities in the p

Nar = (1 _ 7’1\") [C_QN(t_VVn) _ e—(aNt+apW/>p):| . (]_7)

The total quantum efficiency is given by

. . 3
n= 1N + T + 7. 18) andnregions are f|xgd to he, = 240 cn?/V-s andy. = 10
A v (18) cn?/V-s [20], respectively.
2) Quantum Efficiency for the P-n Heterostructuréhe ex- Fig. 3(a) shows the detectivit)* in N-p and P-n struc-

pressions of the quantum efficiency for the P-n heterostructutges as a function of the incident photon wavelength, with
are the same as those for the N-p heterostructure, but the pa= p = 10" cm=2, Ny = 10 cm™2, ¢ = 1071° cn?
rameters in the N-p heterostructure should be exchanged tothe= 5, = 0 and¢ = 0.5 um, d = 5 um (for the N-p

(1— 7’1\’)06NLI y anLy + 7y, — e N E=Wr) [’yh COSh(%) + sinh(%)}

IN="372 1 — anLje Nt Wr)
af Lj — Yh Slnh(t WN) + cosh (t WN)
(15)
—a,(d—=W,) _ W,
(1—7rx)anLe (ot W) (Ve — apLe e ( ) [% COSh( ) + smh( I )}
Mp = 2721 ¢ 7 X +aple » (16)
Qplie — 1 Ye Slllh( ) + OSh( )
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structure) ort = 5 uym, d = 0.5 um (for the P-n structure). 408 P10 7em3

Fig. 3(b) shows the experimental detecitivily* curve for 10(75 —o—RoAauger
p-Gay.sINo.2ASo.15Shy s2/N-GaSh photodetector at zero bias 185 3

with the incident light from the GaSb surface [5]. Fig. 3(a) 10

clearly shows thatD* in the N-p heterostructure is much 10°

higher than that in the P-n heterostructure, which is caused Emf

by the quantum efficiency(n). In the N-p heterostructure, 180

the quantum efficiency is mainly contributed by the com- =401

ponent in p-Gaslng 2Asy 19Shy 51, and the component in ém:j

N-GaSb is zero in the ideal condition. The quantum effi- 18_4

ciency in the P-n heterostructure is mainly contributed by 105

the component in the n-Galng 2ASy 19Shy g1 and the one 10:3Tne,mgﬁ,,e,ec,rons y
in the P-GaSb is zero. The quantum efficiency we obtained bl ~ Tumnelingfor hokes
is dependent on the minority-carrier diffusion current, in 10'S 10" 10'7  10'8
which the Auger and radiative mechanisms are included. At p(cm?)

p = n = 10*cm~2, the minority-carrier diffusion lengtik,

and L, in p- and n-Gaslng2Asg19Shy 51 areL. = 218 ym  Fig. 4. The dependence off;A and its components on the carrier
andZ, = 0.6 um, respectively, which are determined by thgoieentraton of pGasino :As)oSth.e: (n) With n = 100.17 tﬁm;:'
temperature and minority-carrier lifetimes associated Withcture. em = Repm A= opmando. = 2, = 0 Me AP
Auger and radiative mechanisms. In pga#g 2ASy.19Shy 51,

sinceL, >> d (the p-side thickness) the most minority carriers, o
electrons, produced by the incident photons, will contribufd!@ng€n- Moreover, because the diffusion current due to the

to the diffusion current before recombineing. However, iRNiNOrity carriers in GaSb is too small to affeip 4, D™ is al-
N-Gay sIno.2ASo.10Shy 51, because off, ~ d (the n-side most not influenced by the thickness and surface recombination
thickness), only those minority carriers (holes) which do ndlocity of GaSb, although both of them affeipA through

recombine contribute to the diffusion current. Thus the quantup'9er and radiative mechanisms. Therefore, our discussion is
efficiency in p-Ga sIng +ASo.19Shys1 is higher than the one focused on the influence of the GaSb carrier concentration and

in the n-Gg.slng.2Asy19Shys1, Which explains the higher the parameters of Galng.2Asy.19Sky.s1 0N RoA, n andD*.

D* in the N-p heterostructure. In the N-p heterostructure, the

maximum D* is 1.58 x 10'° cmHZz'/2/W at A = 2.32 um A, Detectivity in the N-p GaSb/GgIng »AS 10Shy 51

(h = 0.54 eV) and the one in the P-n structuredid9 x 10° Heterostructure

cmHZ/2/W atX = 1.97 um (b = 0.63 eV). In Fig. 3(b), at the _ _ _

peak wavelength of 2.26m, the room temperature detectivity F19- 4 ShowsRoA and its components as a function of the
D* is only 10° cmHZ/2/W [5]. Comparing the calculated P-G®.sINo.2AS0.19Sky 51 carrier concentratiofp), with n =
detectivity for the N-p heterostructure with the experimentéph_ f:m_g’ t =05 pm,d=>5pmandS. = 5, = 0.1n

one, the theoretical result is much higher than the experimergdition,RoA and(Ro A)ar as a function ofV; ando are also
one. In the theoretical analysis, several hypotheses are conSWn in Fig. 4. Because dtoA o (1/0Ny), we just show
ered, for example, the intensity of the incident photons doE¥ @V product as a parameter. From Fig. 4, we can see the
not decrease through GaSb; except for the four kinds of nofSJowing.

mechanisms; other kinds of noise mechanisms are neglectedl) (RoA)auger aNd(RoA)raa are higher than those im-p
However, in practice, all noise contribution should be taken homostructure Ggslng 2ASp.19Shy g1 detectors [9]. This
into account in the detectors, which decreases the obtain the is because that the barriers appear at the N-p heterointer-
high detectivity. In addition, from the comparison between face, not only for the conduction band but also for the va-

Fig. 3(a) and (b), we know that the detectivity of detectors will lence band, which impede the minority-carrier diffusion.

be increased with the improvement of the technology for the  Therefore the diffusion current is reduced and the influ-

material growth and device fabrication. ence of the Auger and radiative mechanisms is weakened.
As shown in Section IlD* « nv/RgA. Therefore, itisneces-  2) RoA is limited by (RoA)ar and (RoA)Tunne, While

sary to analyze how the material parameters affiget andr in (RoA)Auger and(RoA)raa almost do not affecRyA at

order to obtain the optimu®*. In the following, the influence oNy = 0.1 cm™* or higher values. Because & A

of the material parameters dn* as well asRyA and# in the (1/0)Ny, itis aninevitable outcome that if botN; and

N-p and P—n heterostructures is discussed, with the wavelength ¢ is reduced Ry A and D* will be improved.

of the incident light at the value where the maximiii is ob- 3) (RoA)Tumner is divided into two parts; the one for

tained. Because the energy of the incident light is lower thanthe  low p is caused by the electron tunneling in N-GaSb
GaSb bandgap, the quantum efficiency in GaSb is equal to zero  while the one for high p is by the hole tunneling in
in the ideal condition. In addition, only the carrier concentration p-Ga.slng.2ASp.10Sky 81

in GaSb influenceg by changing the thickness of the depletion 4) RyA is dominated by the tunneling mechanism in the
region in Ga glng.2Asy.19Shy s1. Other parameters, such as the most range of p, and the tunneling mechanism strongly af-
thickness and surface recombination velocity of GaSb, will not  fects the performance of photodetectors. Only in the range
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Fig. 5. Dependence of?;A and D* on the carrier concentration of

p-Ga 51Ny .2ASy.19Shy 51 (p) with the carrier concentration of N-GaSk)
as a parameter, in the conditione@lN; = 0.1 cm=!,¢ = 0.5 gum,d = 5 um

andS. = S, = 0 in the N-p structure. 1019}
o 10°}
of 3x 10 cm=23 < p < 5x 10*7 cm—2, Ry A is limited
by (RyA)gr and its optimum value can be obtained. gg.los_
Fig. 5 shows RgpA and D* as a function of the E

p-Ga.slno.2ASp.19Shy 81 carrier concentratiofip) for several B107}
N-GaSb carrier concentratiorfs), with ¢ N; = 0.1 cm™!, -
t=0.5pm,d =5 pumandS. = S, = 0. D* and its shape are F e
controlled byRy A. The tunneling mechanism strongly depends 1 . ‘ A
on the carrier concentration either in the N region or in the p 0% 10 10'7 108

3
region. In Fig. 5(a)(RoA)gr shows a little improvement at p(‘fg )
higher n and p. But, with increasing n, the electron tunneling in-

18 _ 3 . I ig. 6. Dependence of2, A, n and D* on the carrier concentration of
creases, and at= 10~ cm™~, becomes the main Contr'bUtlonp-Ga],gIno,zAso,waj,gl (p) with the surface recombination velocity of

to Ry A in the most range of low p. In contrast, the contributiop-Ga, sIn, 2 As; 1Sy 51 (S.) as a parameter, in the conditionof= 1017
of the hole tunneling tdky A gradually decreases and become®" *, oN; = 0.1 em™ ¢ = 0.5 um, d = 5 pum andS, = 0 in the N-p
. . L. . . . structure.

dominant at higher p. This is because, with increasing p an
decreasing n, the built-in field and thickness of the N-GaSh
depletion region become larger, both of which reduce tlé S, is associated with Auger and radiative mechanisms,
tunneling probability for electrons. On the contrary, the twORoA)auger and (RoA)r.a are also plotted in Fig. 6(a).
factors increase the tunneling probability for holes. Except f@ompared to the three parts of Fig. 6, it can be found that
the range wherd?y A is controlled by the hole and electronD* is limited by Ry A and its shape is similar to that &y A,
tunneling, Ro A is limited by the G-R mechanism, and only infurthermore the quantum efficiency affeci3*. In an n-p
this range, the optimunb* can be obtained. Additionally, in homojunction Ggsglng 2ASy 19Sky g1 detector [9], the high
this range, although the maximum valueldf is atn = 10'® p-side surface recombination velocity strongly reduégsi
cm—3, which is a little higher than those at = 10'" cm~2 andn, and thereforeD* decreases. An effective way to reduce
or lower n, the range for the optimu®* is much narrower the surface recombination velocity is to grow an epitaxial
than the others, which is disadvantageous in practice. In tlager on the p-Gaglng.2Asy.190Shy s; and to form homo- or
material fabrication, if the N-GaSb carrier concentration iseterointerface. We have reported that, in tHemand p--p
selected to bee = 10'® cm2, the p-Gaslng2Asy19Shhs1  homojunctions, the heterointerface recombination velocities
carrier concentration must be controlled in a very narrow rangee effectively reduced [21].
to obtain the highD*. Otherwise, the performance of detectors Ry A is almost not affected by the p-@glng 2AsSy.10Sky g1
markedly declines because of the tunneling. However, if thieickness(d) becauseRy A is controlled by(RyA)gr in p <
carrier concentration in N-GaSb is selectechas 1018 cm=2,  10'® cm~2. However;; markedly increases with larggin this
the carrier concentrations of the N- and p-side have a widenge because, sinée > d, thicker thickness willimprove the
range to be chosen for optimum detector performance. dbsorption for phonons. Witlhas a parameter, the dependence
addition, for the material growth, it is easy to control the carri@f » and D* on p is similar to that in Fig. 6. Although the shape
concentration below ta0'® cm—3. of D* is similartoRy A, the increase in improvesD*. In order

Fig. 6 shows the dependence Bf A, n and D* on the to find the maximumD* andn with d, Fig. 7 shows; and D*
p-Ga slng.2Asp.19Shy g1 carrier concentration with the as a function ofl with the same other parameters in Fig. 6 and
p-Gay glng.2Asy.19Shy g1 surface recombination velocitys.) p = 5 x 107 cm™2 at which the optimumD* is obtained.
as a parameter, in the conditionof= 101" cm=3, o N; = 0.1 BecauseR,A almost keeps as a constant with the change of
cm~t, ¢ = 0.5 pm,d = 5 um andS, = 0. Because the changed, i controls D*. With the change ofl, bothn and D* rapidly
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the thickness of:-Ga, .5Ing.2ASy. 19 Shy 51 (d) as a parameter, in the condition
dpm ofp =107 cm=3%, 0N, =0.1cm™*,t=5um,andS. = .5, = 0inthe
P-n structure.
Fig. 7. Dependence ofyp and D* on the thickness of p-Ga
INg 2ASy 19Shy 51 (d) with n = 10'7 cm=3, oN; = 0.1 cm™%,
t=05pm,d=5pum S, =5, =0andp =5 x 101" cm~2 in the N-p T T T T 1.0
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Fig. 10. Dependence of and D* as a function of the thickness of

n(ch3) N-Ga slNg.2ASe.10Shy 51 (d) with p = 107 cm=2, o N, = 0.1 cm?,
t=>5um,S. =5, =0,andr = 1.6 x 10 cm~2 in the P-n heterostructure.

Fig. 8. Dependence d®, A and its components on the carrier concentration
of Nn-Ga 51Ny 2ASy 19Shy 51 (1) with p = 10" cm=3, o N; = 0.1 cm™1, "
t=>5pum,d= 0.5 umandS, = S, = 0 in the P-n structure. The dependence of and D™ on n-Gay sINo.2AS0.10Sky 51

carrier concentration(n) is shown in Fig. 9 with the

] ] N-Ga slng 2ASp 19Shh g1 thickness (d) as a parameter,
increase and then saturat(la(c)la} 10 {Jl;n The maximumy and \yith p = 107 cm™3, oN; = 0.1 cmt, ¢t = 5 um, and
D+ are 0.655 an@.48 x 10'° cmHZ/2/W, respectively. S, = S. = 0. Although the largel reduces RoA) s yge: and
(RoA)Rad In the n-Ga.slng 2ASp 19, RoA is controlled by
(RoA)gr inn < 10 cm~2 shown in Fig. 8 and the change
of RoA with d is very small compared to the influence of

Fig. 8 showsRyA and its components as a function of th€ Ry A)gr and (RoA)tuner. Therefore, Ry A is not shown in
n-Ga slno.2Aso.19Shy 51 carrier concentratiotin), with p =  Fig. 9. The shape ab* is similar to Ry A but the value ofD*
10" ecm™3, 0Ny = 0.1 cmt, ¢t = 5 um, d = 0.5 um, and is affected byn in n < 10'® cm~3. In addition, the largel
S, = S. = 0. As in the N-p heterostructuréiy A is limited will improve , and D*, and the peak oD* moves to the low
only by (RoA)ar and(RoA)Tunnel, While Auger and radiative n. In order to find the largest for the optimumy and D*, the
mechanisms almost do not influenBg A. (RoA)Tunnel 1S Still - dependence ofy and D* on d is plotted in Fig. 10 with the
divided into two parts: one is for holes and the other for electrosame value for other parameters as in Fig. 95are 1.6 x 1016
shown in Fig. 8. However, the tunneling current for holes is taom™2 at which the maximum value db* is obtained. Unlike
low to contribute taR, A. Therefore, in the range af < 10'® in Fig. 7,7 andD* increase quickly and go through a peak and
cm~3, RoA is limited by (RoA)cr, and in the range of >  at last saturate asincreases. The peak valuesrpnd D* are
1018 cm 3 by (RoA)Tumer (for electrons). It is clear that the 0.504 andr.1 x 10° cmHZ'/2/W, respectively, in the range of
low N; and smalls will improve Ry A andD~. 2.5 pm< d < 3 pm.

B. Detectivity in the P-n GaSh/Galng 2As.10Sky 51
Heterostructure
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As shown in Fig. 8, the optimurRy A and D* are controlled
by the G-R mechanism. Moreover, with increasing the P-GaSb[ll
carrier concentration,RoA)gr has a little improvement and
thereforeD* increases a little, which is similar to that in Fig. 5.

(2]

IV. CONCLUSION 3]

In this paper, the theoretical analysis of the detectivity [4]
associated with the quantum efficiency and the zero-bias
resistance-area product is performed for N-p and P—n[5]
GaSh/Ggglng.2Asy.19Shys1  infrared photodetectors op-
erated at 300 K, as a function of the wavelength of the incident(6]
light using the parameters of GaSb and,@lag 2ASy.19Shy s1-

The calculated results show that the behaviodfdepends (7]
on Ry A andn. The conclusions are as follows. Bl
1) The detectivity for the N-GaSh/p-@glng.2Asy.19Shy s1
detector is  higher than that for the
P-GaSb/n-Gaglng 2Asy 19Shy 51 detector because the [9]
quantum efficiency in the p-Galng 2AsSy.19Skh.s1 iS
higher than that in n-GasIng.2ASp.19Shy 81, Which is a (10]

factor to determine)*.

2) In both N-p and P-n structure®, A is limited by the
generation-recombination and tunneling mechanismgd?1]
The tunneling mechanism strongly reducBsA and [12]
D*. In the range wher&, A is controlled by( Ry A)gr,
the optimumD* can be obtained.

3) (RoA)gr is affected by the material carrier concentra-

tion, the trap density, and the trap capture cross sectioni4]

The last two factors strongly chand&® A and D*. The

low N andeo effectively improveD*. For example, with [15]

the same parameters in Fig. 4 for the N-p structure, at

oN; = 0.1 cm?, D* is about2 x 10'° cmHZ/2/w,  [16]
while ate Ny = 0.01 cm~*, D* can reach abotftx 10*°

cmHZ/2/W. With increasing carrier concentration, either [17]

for the n-side or for the p-side, bofy A andD* have a

little improvement.

With increasing surface recombination of the n- and

p-Ga glng.2ASy 19SSy s1, RoA, n and D* are re-

duced in the N-p and P-n structures. Additionally,

RyA is almost not affected by the thickness of

Gay slng.2Asy 19Shy s1. However, the influences of

the thickness of Ggglng.2Asy.19Shy.s1 on » and D*

are different for the N-p and P-n structures. In the N-p

structure,n and D* reach saturation with a finite thick- [21]

ness of p-Gaglng 2ASy.190Shy g1, While the maximum

values ofy and D* are obtained with the thickness of

N-Ga glng.2ASy.19Shy 51 in the range of 2.5-am.

Except for the carrier concentration in Ga3y; is al-

most not influenced by the thickness and the surface re-

combination of GaSb, both of which are associated wif*

Auger and radiative mechanisms to affétgA. On the

other hand, the energy of the incident light is lower tha

the GaSb bandgap, which makes$n GaSb zero in the

ideal condition. Thus, the parameters of the thickness a

surface recombination velocity in GaSb do not influenc

7. The total influence of the two factors determines th:

the two parameters do not affebx".

(23]

18
2) (18]
(9]

[20]

5)
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