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    Quinary AlGaInAsSb avalanche photodiodes lattice-matched to InP were demonstrated as low-noise multiplication 

layers. A 995 nm thick PIN Al0.85Ga0.07In0.08As0.63Sb0.37 structure was grown on InP as a random alloy by molecular 

beam epitaxy. The devices exhibited breakdown at approximately -58 V, corresponding to a peak electric field of 

628.8 kV/cm. Under 450 nm illumination, a maximum gain of 842 was achieved near breakdown with pure electron 

injection. Excess-noise measurements across multiple devices showed F(M) values that were reproducibly low and 

deviated from the McIntyre local-field prediction, remaining below those of comparable Al0.85Ga0.15As0.56Sb0.44 and 

Al0.79In0.21As0.74Sb0.26 APDs at moderate and high gain. At M ≈ 70, the effective k of AlGaInAsSb is approximately 

0.01, compared with approximately ~0.022 and ~0.037 for AlGaAsSb and AlInAsSb, respectively. These results 

identify AlGaInAsSb as a promising quinary multiplication material for next-generation low-noise InP-based APDs 

and for potential application toward linear-mode single-photon detectors.
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    Avalanche photodiodes (APDs) are key detectors for low-light applications such as LiDAR imaging, sensing, and 

optical communication, including airborne and spaceborne platforms, because their internal avalanche gain amplifies 

weak input signals and can improve system signal-to-noise ratio.1-3 This gain, M, however, is accompanied by excess 

noise due to the stochastic nature of impact ionization. According to McIntyre’s local-field theory, the excess-noise 

factor, F(M), for electron- or hole-initiated multiplication is given by,4 

 

𝐹(𝑀) = 𝑘𝑀 + (1 − 𝑘) (2 − 1𝑀)     (1) 

 

where k = β/α is the ratio of the hole and electron impact-ionization coefficients (by convention k < 1; for hole-initiated 

APDs, the analogous ratio is α/β).4,5 Equation (1) shows that F(M) is minimized when k approaches zero.3-5 Because 

k is governed by the electronic band structure and carrier-scattering processes of the multiplication material, low-noise 

APD design is fundamentally a materials problem. Most efforts have therefore focused on electron-initiated APDs in 

which β ≪ α. 

    Heterostructure APDs based on a separate-absorption, grading, charge, and multiplication (SAGCM) architecture 

have been widely adopted in commercial technologies because the absorber and multiplier are separated both spatially 

and electrically. The grading and charge layers allow the electric fields in the absorber and multiplier to be optimized 

independently, helping to suppress tunneling current in the narrow-bandgap absorber while maintaining high 

avalanche gain in the multiplication region. For 1.55 μm detection on InP, commercial devices typically use an InGaAs 

absorber with either an InP or Al0.48In0.52As (hereafter AlInAs) multiplier, both lattice matched to InP. However, their 

signal-to-noise ratio at high gain is limited by the relatively large excess noise, especially for M > 10, because the 

effective ionization-coefficient ratios remain significant: k ≈ 0.4-0.5 for InP5,6 and k ≈ 0.2-0.3 for AlInAs.7 

    Over the past decade, Sb-based multipliers lattice-matched to InP, particularly AlxGa1-xAsySb1-y and AlxIn1-xAsySb1-

y, have emerged as promising alternatives to InP and AlInAs. AlAs0.56Sb0.44 provided a striking first example, with a 

reported k as low as 0.0058. Subsequent studies on Al0.85Ga0.15As0.56Sb0.44 (AlGaAsSb)9-12 and Al0.79In0.21As0.74Sb0.26 

(AlInAsSb)13-15 also demonstrated very low excess noise, with k on the order of 10-2  at a low gain region (M < 20). 

However, the k values cannot be accurately determined for both AlGaAsSb and AlInAsSb because the measured F(M) 

in Sb-based APDs does not follow the standard McIntyre local-field prediction, indicating that the impact-ionization 

statistics cannot be described completely by the simplest local-field picture.11,16 A leading explanation for the low k is 
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3 

 

that the heavy Sb atom increases the valence-band spin-orbit splitting and introduces strong alloy-disorder scattering, 

thereby strongly suppressing hole impact ionization and driving β to very small values.11,16,17 This interpretation is 

consistent with GaAsBi APDs, where small Bi incorporation substantially reduced k; for example, the effective k 

decreased from about 0.48 in GaAs to about 0.2 in GaAsBi with 4% Bi, and to about 0.15 in a thicker 4% Bi structure.18 

    More recently, there has been growing interest in pushing APD materials toward the limit k → 0, particularly for 

single-photon and quantum-related applications.19-22 In contrast to Geiger-mode single-photon avalanche diodes 

(SPADs), which operate above breakdown and require quenching and recovery, linear-mode SPADs aim to achieve 

very high but finite avalanche gain below breakdown.2,19 In the ideal single-carrier limit (β ≈ 0), very high linear-mode 

gain becomes possible without invoking Geiger operation.2,20-22 HgCdTe and InAs electron-initiated APDs are 

important precedents, having demonstrated linear-mode photon counting or few-photon sensitivity.2,20-22 

    Against this background, the quinary AlGaInAsSb material system is a compelling platform to investigate. Relative 

to the quaternary Sb-based alloys, a quinary alloy provides an additional degree of compositional freedom to tune 

band gap and band alignment,23 alloy disorder,24,25 and potentially spin-orbit splitting. In particular, Indium (In) 

incorporation provides a linear grading scheme due to a favorable band alignment relative to InGaAs while retaining 

lattice matching to InP. This extra freedom is attractive for designing multiplication and grading layers compatible 

with InGaAs absorbers on InP, where heterointerface band offsets are an important design consideration. 

    In this paper, we investigate Al0.85Ga0.07In0.08As0.63Sb0.37 (AlGaInAsSb) as a multiplication layer lattice matched to 

InP and compatible with InGaAs absorbers for 1.55 μm SAGCM APDs. The AlGaInAsSb APD exhibits very high 

gain (M ≈ 800) near breakdown and a reduced effective k at high gain (M > 50) compared with AlGaAsSb and 

AlInAsSb APDs. These results indicate that AlGaInAsSb is a strong candidate for next-generation low-noise APDs 

on InP. More broadly, this work opens a path toward approaching the k → 0 limit relevant to future linear-mode single-

photon detectors and quantum photonic technologies. 

    Figure 1(a) shows the schematic structure of the p-i-n (PIN) AlGaInAsSb device. The PIN AlGaInAsSb structure 

was grown on epi-ready, on-axis InP substrates by molecular beam epitaxy (MBE). After careful calibration of the Al, 

Ga, and In growth rates using reflection high-energy electron diffraction, all layers were grown under conditions 

similar to those previously used for Sb-based multipliers on InP.10 The full layer sequence and nominal thicknesses 

are described in TABLE I. The Secondary Ion Mass Spectroscopy (SIMS) doping profile (Figure S2 in Supplementary 

T
hi

s 
is

 th
e 

au
th

or
’s

 p
ee

r 
re

vi
ew

ed
, a

cc
ep

te
d 

m
an

us
cr

ip
t. 

H
ow

ev
er

, t
he

 o
nl

in
e 

ve
rs

io
n 

of
 r

ec
or

d 
w

ill
 b

e 
di

ffe
re

nt
 fr

om
 th

is
 v

er
si

on
 o

nc
e 

it 
ha

s 
be

en
 c

op
ye

di
te

d 
an

d 
ty

pe
se

t.

P
L

E
A

S
E

 C
IT

E
 T

H
IS

 A
R

T
IC

L
E

 A
S

 D
O

I:
 1

0
.1

0
6
3
/5

.0
3
3
5
5
0
8



4 

 

Materials) also confirms that the dopant distribution and their concentration are consistent with the intended PIN 

structure. 

 

TABLE I. Details of p-i-n AlGaInAsSb structure 

Device Layer Material Width (nm) Doping Type Doping Concentration (cm-3) 

Top contact In0.53Ga0.47As 20 p+ 1 x 10-19 

p region Al0.85Ga0.07In0.08As0.63Sb0.37 300 p 2 x 10-18 

i region Al0.85Ga0.07In0.08As0.63Sb0.37 1000 i UID 

n region Al0.85Ga0.07In0.08As0.63Sb0.37 100 n 2 x 10-18 

Bottom contact In0.53Ga0.47As 500 n+ 1 x 10-19 

Substrate S.I. InP -- --   

 

    To perform the electrical and optical characterizations, circular mesa devices were fabricated using conventional 

photolithography and wet-chemical etching under conditions identical to those previously reported. For some devices, 

the sidewalls were additionally covered with a thin metal layer on top of the SU-8 passivation to reduce unwanted 

mixed injection from the sidewalls, as shown in the inset of Figure 1(a). 

    Figure 1(b) shows the measured X-ray diffraction (XRD) spectrum (ω-2θ scan) of the PIN AlGaInAsSb APD 

sample (black solid line). Four major peaks are observed. The central peak at 0 arcsec originates from the InP substrate. 

The peak at -210 arcsec is attributed to the InGaAs buffer/bottom-contact layer, as verified by the previous calibration 

run used to optimize the growth conditions. Two additional peaks were found to originate from the PIN AlGaInAsSb 

layers. The two AlGaInAsSb-related peaks are located at +173 and +300 arcsec. Assuming that the group-III fluxes 

(Al, Ga, and In) remained fixed during growth, that only the group-V fluxes changed, and that no significant relaxation 

occurred between the epitaxial layers and the InP substrate, the variation in As and Sb composition is estimated to be 

minimal, about 0.6% (less than 1%), corresponding to a compositional range from Al0.85Ga0.07In0.08As0.638Sb0.362 to 

Al0.85Ga0.07In0.08As0.644Sb0.356 which are deduced by the XRD simulation (blue solid line) as illustrated in Figure 1(b). 

This assumption is supported by the SIMS depth profile (Figure S1 in Supplementary Materials), which shows stable 

Al, Ga, and In signals across the PIN layers. In contrast, a small depth-dependent variation is observed in the group-

V species, As and Sb. Therefore, the satellite features observed in the XRD scan are attributed primarily to slight 

As/Sb compositional variation rather than large-scale group-III segregation. The group-V variation is likely related to 

the very low As beam-equivalent pressure required for this alloy, below approximately 2 × 10-7 Torr, where precise 
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5 

 

flux control from the As cracker becomes challenging. In addition, As/Sb incorporation can be affected by growth 

transients and shutter operation, including the opening of the dopant shutter. These factors may lead to small 

fluctuations in the As/Sb composition during growth. 

    To evaluate the surface quality of the PIN AlGaInAsSb APD sample, Nomarski and atomic force microscopy 

(AFM) images were taken, as shown in Figure 2. The Nomarski image (50× magnification) reveals a very smooth 

surface morphology, while the AFM image shows an extremely low root-mean-square (RMS) roughness of 0.108 nm. 

These results indicate that high-quality growth of both the InGaAs and AlGaInAsSb layers was achieved. 

    To verify the band gaps of the AlGaInAsSb material, the quantum efficiency (QE) was measured at room 

temperature under a reverse bias of -5 V in order to determine the cutoff behavior corresponding to the material band 

gap, as shown in Figure 3(a). A reverse bias of −5 V was chosen for the QE measurement, corresponding to full device 

depletion and thus maximum QE at unity gain. This is supported by the capacitance saturation observed in the 

capacitance-voltage (C–V) curve in Figure 4(a). Because AlGaInAsSb is an indirect-bandgap material, its band gap 

is difficult to determine accurately by photoluminescence. In contrast, the QE spectrum near the absorption edge can 

be used to extract both the indirect and direct band gaps because, near cutoff, the QE follows the same photon-energy 

dependence as the absorption coefficient:10,26-28 

 𝑄𝐸 ∝ (𝐸𝑝ℎ − 𝐸𝑔)𝑛     (2)      

 

where Eph is the photon energy, Eg is the band gap, and n = 2 for an indirect transition28 and n = 0.5 for a direct 

transition.27 Therefore, the band gap can be determined accurately by linear fitting near the cutoff region of the QE 

spectrum. Accordingly, QE0.5 and QE2 were plotted as functions of photon energy, as shown in Figure 3(b) and 3(c), 

respectively. The x-intercepts of the linear fits indicate that the indirect and direct band gaps of the AlGaInAsSb alloy 

are 1.481 eV and 1.702 eV, respectively. These values are slightly lower than those previously reported for AlGaAsSb 

(indirect gap ≈ 1.52 - 1.56 eV and direct gap ≈ 1.77 eV).9,10,26 This reduction is likely due to the combined effects of 

In incorporation, which lowers the band gap, together with increased alloy disorder in the quinary alloy system. 

    C-V measurements were performed on the PIN AlGaInAsSb devices with diameters of 100, 150, and 200 μm 

(hereafter D100, D150, and D200), as shown in Figure 4(a). The capacitance of all three devices scales perfectly with 

device area, confirming uniform material and device characteristics. Using an in-house 1D Poisson equation solver, 
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the C-V model was fitted to the experimental C-V curves. The modeled C-V curves show excellent agreement with 

the measured data when assuming a UID layer thickness of 995 nm (almost similar to the 1000 nm nominal thickness), 

a background doping concentration of 5.6 × 1015 cm-3 in the UID layer, and doping concentrations of 2 × 1018 cm-3 in 

the p+ and n+ layers. The extracted layer parameters from the C-V model were further corroborated by the extracted 

doping profile, as shown in Figure 4(b), which closely matches the designed structure. In the modeling, a dielectric 

constant of 11.4 was used, corresponding to the average value estimated by interpolating the binary compounds, while 

accounting for small compositional fluctuations in the AlGaInAsSb layers based on the XRD results. 

    Figure 5(a) shows the current-voltage (I-V) curves under dark conditions for the devices with diameters of 150 and 

200 μm (D150 and D200). Both devices show breakdown occurring at approximately -58 V, corresponding to a peak 

electric field of 628.8 kV/cm calculated from the 1D Poisson simulator. 

    To investigate the dominant dark-current contribution in the PIN AlGaInAsSb devices, the dark current of the four 

devices (D200, D250, D350, and D500) was plotted as a function of reverse bias voltage, as shown in Figure 5(b). 

The forward I-V curves exhibit an abrupt increase in current over a small bias range, indicating that the series 

resistance of the devices is relatively low. The ideality factors extracted from multiple devices range from 1.36 to 1.46 

(average ~ 1.4), which lie between the ideal diffusion limit of 1 and the recombination-dominated limit of 2. 

    Using Eq (3) below, the bulk and dark current components can be extracted for any device diameters: 

 𝐼𝑡𝑜𝑡𝑎𝑙 = 2𝜋𝑟 × 𝐽𝑠𝑢𝑟𝑓𝑎𝑐𝑒 + 𝜋𝑟2 × 𝐽𝐵𝑢𝑙𝑘     (3)      

 

Here, r is the device's radius. Jsurface is Isurface per perimeter, and Jbulk is Ibulk per area (dark current density). Figure 5(c) 

shows the extracted Isurface and Ibulk for D200. From 0 to -40 V, the Isurface is an order of magnitude higher than the Ibulk. 

This suggests that the dominant dark-current component originates from the surface rather than the bulk. The likely 

origin of this surface leakage is non-ideal sidewall passivation, including etch-induced damage, dangling bonds, and 

local band bending at the passivated sidewall. This surface leakage increases dark-current noise, thereby degrading 

the device's sensitivity and detectivity. However, it is not expected to significantly affect the intrinsic excess-noise 

trend, because the F(M) measurements were performed under optical injection, mainly through the active bulk region, 

and primarily reflect the impact-ionization statistics of photogenerated carriers. Further optimization of the sidewall 

treatment and passivation processes will be required to reduce surface leakage and improve device sensitivity. 
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    Gain measurements were performed using an optical setup comprising a fiber-coupled 450 nm laser, coupled into 

the optical window of the processed devices via a lensed fiber. The smallest diameter of the laser beam is 

approximately 50 μm, which is significantly smaller than the device diameters used in this study, ensuring that no 

mixed injection profile occurs. From linear interpolation of related alloy optical constants of binary constituents,29-31 

the absorption coefficient of AlGaInAsSb at 450 nm was estimated to be 2.12 × 105 cm-1. Therefore, the 300 nm p+ 

top cladding layer is sufficient to provide pure electron injection because the optical intensity decays to approximately 

0.17% of the incident intensity according to Beer-Lambert’s law. 

    Figure 6(a) shows the measured I-V characteristics under dark conditions (black solid line) and under 450 nm 

illumination (black short-dashed line) for the D200 device. By subtracting the dark current from the illuminated 

current, the pure photocurrent can be obtained. Using Woods’ correction (baseline correction)32, the gain (blue circular 

markers) was extracted from the photocurrent curve. To verify the accuracy of the calculated gain curve, the gain 

measurements were repeated at different laser intensities ranging from 0.059 to 0.824 μW. As shown in Figure 6(b), 

the extracted gain curves are nearly identical over this intensity range, confirming the reliability of the gain extraction 

method. A maximum gain of 842 was achieved near the breakdown voltage. This result demonstrates that the PIN 

AlGaInAsSb APD can achieve a very high multiplication gain of nearly 3 orders of magnitude prior to breakdown, 

indicating its potential for high-performance single-photon LiDAR systems and linear-mode SPADs for quantum 

technology applications. 

    The F(M) of the PIN AlGaInAsSb APD was measured using an excess-noise measurement setup consisting of an 

in-house circuit equipped with a 455 nm fiber-coupled LED, a mechanical chopper, and two lock-in amplifiers. The 

detailed configuration of the setup was similar to that described here33. The measured F(M) values were cross-checked 

using a noise figure meter equipped with a bias tee and a source meter unit under 450 nm laser illumination using 

GSG probes to ensure the accuracy of the extracted F(M). 

    Figure 7 shows the measured F(M) of the 995 nm-thick PIN AlGaInAsSb APDs for three different D200 devices 

(Device 1, Device 2, and Device 3) as a function of gain. These three F(M) curves represent results obtained from 

three separate sets of multiple devices. For comparison, the F(M) results are also plotted alongside Si34, InP5,6, AlInAs7, 

and those of a 1020 nm-thick PIN AlGaAsSb APD11 and a 997 nm-thick PIN AlInAsSb APD14; because the AlGaAsSb 

and AlInAsSb data are not available in the high-gain region (M > 38), the corresponding trends in this region are 
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extrapolated and shown as dashed lines. The other dashed curves represent the theoretical predictions from McIntyre’s 

local-field theory (Eq. 1), showing F(M) calculated for k values ranging from 0 to 0.1 in steps of 0.01. 

    The measured F(M) of the three PIN APDs do not follow the prediction of McIntyre’s local-field theory. This 

indicates that the excess noise characteristics of Sb-based quaternary and quinary materials cannot be fully described 

by the conventional local-field model, which assumes the ionization probability distribution follows a simple 

exponential form and that excess noise is determined by the local ionization-coefficient ratio. Non-local descriptions, 

including dead-space35, history-dependent36, and Monte Carlo models37, have shown that the ionization probability 

distribution function can be modified by the carrier’s previous transport history, leading to a more deterministic 

avalanche process and reduced excess noise. However, the multiplication regions studied here are relatively thick, 

approximately 1000 nm, so conventional dead-space effects alone are expected to be small. The low excess noise 

observed in these Sb-containing alloys, therefore, suggests that additional material-dependent transport effects may 

be important. In particular, alloy disorder, local potential fluctuations, and modified band structure may influence how 

carriers gain and lose energy before impact ionization. The incorporation of In in the quinary AlGaInAsSb alloy may 

further modify this ionization probability distribution, reducing F(M) while leaving the mean multiplication 

characteristics largely unchanged. Thus, a more complex electric-field-dependent probability density function38-40 is 

likely required to accurately describe the avalanche process in these materials. 

    A small difference in F(M) between the two AlGaInAsSb devices (1st and 2nd/3rd) is observed, which may originate 

from slight compositional variations or small differences in depletion width caused by nonuniform dopant diffusion 

across the wafer. Error bars corresponding to a 5% uncertainty have been added to the measured F(M) data points in 

Figure 7. Nevertheless, the overall agreement between the three devices is very good, indicating that the measured 

F(M) characteristics are highly reproducible. While phase instability in this quinary alloy system may introduce 

compositional variability, affecting device uniformity and manufacturability, its impact appears limited here, as 

suggested by the generally good agreement in the measured characteristics. 

    The F(M) of the PIN AlGaInAsSb APDs is significantly lower than that of InP and AlInAs, and similar to or slightly 

lower than that of the PIN AlGaAsSb and PIN AlInAsSb APDs in the low-gain region (M < 15). However, the 

difference between the three materials becomes more pronounced as the gain increases beyond M = 15. For example, 

at M = 15, 20, and 30, the F(M) values of the PIN AlGaInAsSb/PIN AlGaAsSb/PIN AlInAsSb APDs are about 

1.56/1.74/2.00, 1.66/1.85/2.22, and 1.83/2.24/2.6, respectively, indicating that the discrepancy increases with gain. At 
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M = 60-63, the effective k values of the PIN AlGaInAsSb, PIN AlGaAsSb, and PIN AlInAsSb APDs are approximately 

0.01, 0.02, and 0.035, respectively. Furthermore, the F(M) of PIN AlGaInAsSb is approximately 1.4 times lower than 

that of the PIN Si at M = 60-63, despite having an avalanche region that is approximately five times thinner. 

    These results clearly indicate that incorporating In into AlGaAsSb modifies the electronic band structure and carrier-

scattering mechanisms. This behavior is likely due to a combination of factors, including modifications of the bandgap, 

band alignment, alloy-disorder scattering, and valence-band spin-orbit splitting. These effects could influence the 

relative electron and hole impact-ionization rates, thereby reducing the effective ionization-coefficient ratio k. 

However, we note that this interpretation is currently qualitative. A quantitative confirmation would require first-

principles band-structure calculations combined with Monte Carlo transport simulations that explicitly account for 

alloy-disorder scattering and nonlocal impact-ionization processes in the AlGaInAsSb alloy. Such calculations are 

beyond the scope of the present work and will be pursued in future studies. 

    Overall, the F(M) of the PIN AlGaInAsSb APDs exhibits very low excess-noise behavior even in the high-gain 

region, indicating that this quinary material system is a strong candidate for next-generation multiplication layers, 

with potential applications toward low-noise, single-photon-level detection, although experimental validation of 

single-photon detection capability remains to be demonstrated. 

    In conclusion, MBE-grown 995 nm-thick PIN AlGaInAsSb APDs, nearly lattice-matched to InP, were 

demonstrated and evaluated as low-noise multiplication layers. Under pure electron injection at 450 nm, the APDs 

achieved a gain of up to 842 near the breakdown voltage of -58 V. Excess-noise measurements on multiple devices 

showed reproducibly low F(M) and a clear advantage over AlGaAsSb at higher gain, with an effective k of 

approximately 0.01 at M ≈ 60-63. Overall, AlGaInAsSb combines high gain with very low excess noise and is 

therefore, it is a strong candidate for next-generation multiplication layers in InP-based APDs, with potential 

applications toward low-noise detection approaching the single-photon level and future linear-mode SPAD 

technologies. 

 

SUPPLEMENTARY MATERIAL 

SIMS elemental, dopant, and impurity depth profiles confirming the AlGaInAsSb APD layer structure and 

compositional uniformity, as well as additional excess-noise measurements showing the effects of illumination 

wavelength, optical spot size, mesa diameter, and sidewall metal coverage.  
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FIG. 1. (a) Schematic structure of the PIN AlGaInAsSb APD and sidewall metallization scheme used for pure electron-injection 

measurements. (b) Measured (black solid line) and simulated (blue solid line) X-ray diffraction ω-2θ scans of the PIN AlGaInAsSb 

structure. 

 

 
FIG. 2. Nomarski and AFM images of the PIN AlGaInAsSb surface. The AFM image gives an RMS roughness of 0.108 nm. 

 

 
FIG. 3. (a) Quantum efficiency spectrum of the PIN AlGaInAsSb APD measured at room temperature under -5 V reverse bias. (b) 

QE0.5 versus photon energy for extraction of the indirect band gap. (c) QE2 versus photon energy for the extraction of the direct 

band gap. 
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FIG. 4. (a) Capacitance-voltage characteristics of the 100, D150, and D200 devices together with the fitted 1D Poisson CV model. 

(b) Extracted doping profile of the PIN AlGaInAsSb structure. 

 

 
FIG. 5. (a) Dark current-voltage characteristics of the D150 and D200 devices. (b) Dark current-voltage characteristics of the D200, 

D250, D350, and D500 to investigate the dark current contributions. (c) Extracted Isurface and Ibulk for D200 as a function of voltage. 

 

 
FIG. 6. (a) Dark current, illuminated current, and extracted gain for the D200 device under 450 nm illumination. (b) Gain curves 

extracted at different laser intensities ranging from 0.059 to 0.824 μW. 
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FIG. 7. Excess noise factor, F(M), as a function of gain for 995 nm-thick PIN AlGaInAsSb APDs measured on three sets of D200 

devices. Results are compared with Si34, InP5,6, AlInAs7, and those of a 1020 nm-thick PIN AlGaAsSb11 and a 997 nm-thick PIN 

AlInAsSb APD14. Dashed curves show McIntyre’s local-field predictions for various k from 0 to 0.04, with a step of 0.01; the high-

gain AlGaAsSb and AlInAsSb trends are extrapolated where data are unavailable. 
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