
Al(Ga)AsSb
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1)

2)

3)

• Excess noise factors in AlAsSb and 
Al(GaAsSb) devices are 
comparable to Si APDs, due to 
very large ratio of electron to hole 
ionisation coefficient.

• Lattice matched to InP (substrate) 
and InGaAs (for 1550nm 
absorption)

AlGaAsSb

1) Jingjing Xie at. al., IEEE TRANSACTIONS ON ELECTRON 
DEVICES, VOL. 59, NO. 5, 1475,  MAY 2012
2) Lucas Pinel et al, Vol. 26, No. 3 | 5 Feb 2018 | OPTICS EXPRESS 
3568
3) Xin Yi et al, SCIENTIFIC REPORTS | (2018) 8:9107 | 
DOI:10.1038/s41598-018-27507-w



AlxGa1-xAsSb
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• Surface leakage current reduces with 
increasing Ga

1) Xinxin Zhou et al., IEEE PHOTONICS TECHNOLOGY LETTERS, 
VOL. 28, NO. 22, NOVEMBER 15, 2495, 2016
2) Xinxin Zhou et. al., Royal Society Open Science, 2017, DOI: 
10.1098/rsos.170071 
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• Weak temperature coefficients of 
breakdown voltage ~ 1mV/K

• Current density at 0.95Vbd is 
100,000x < InP, 1,000x < InAlAs, w 
=100nm (not limited by tunnelling 
current).1)

2)



High Gain-Bandwidth Product
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• Eye-opening due to avalanche gain at 19 V
• Gain-Bandwidth Product of ~ 424 GHz

	

15 V
10 Gb/s

	

19 V

Shiyu Xie, Vol. 24, No. 21 | 17 Oct 2016 | OPTICS EXPRESS 24242



Minimising excess noise 
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Thick AlAsSb pin (1.5𝝁m)

Thick AlGaAsSb 
pin (0.6𝝁m)

𝜶>>𝜷 +
Dead space effects



GaAsSb/AlGaAsSb APDs
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• Replace InGaAs absorption with GaAsSb to 
reduce conduction band energy barrier

• Simplify growth 
• High gain ~130 at -49.6 V
• Extremely low excess noise factor F =1.52 at M 

=10 and F = 2.48 at M = 20



PART 3
State-of-art APD performance



Website: phluxtechnology.com

Email: info@phluxtechnology.com

Email: ben.white@phluxtechnology.com

• Spinout (2020) from University of 
Sheffield

• Commercialising AlGaAsSb based APDs

15



Phlux: Extremely low noise InGaAs/AlGaAsSb APDs (Jan 2023)

State-of-the-art performance Room 
temperature NEP

16

12X

69 fW/Hz1/2



Single photon detection
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• Clear single photon pulses detected, with 
increasing overbias

• SPDE ~ 16% at 200 K (1st reported for AlGaAsSb)
• Hold–off time ~ 50 µs at 200 K
• Promising for single photon detection

200 K



NEP as a function of temperature (CEOI 15th EO Technology)

• Breakdown voltage only change by 13.4 
mV/K

• Gain is more immune to temperature 
fluctuation

• When combined with an amplifier with 
noise of 1 pA/Hz0.5, state of the art NEP 
~76 fW/Hz0.5 obtained.

• Capable of detecting fW optical power, 
even at 325 K

18



PART 4
Conclusions and Potential 
Impact



Low noise Al(Ga)AsSb APDs
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Very low tunneling current 𝜶>>𝜷

GBP > 400GHz F ~ 1- 2

State-of-the-art 
InGaAs/AlGaAsSb 
APDs

SPDE ~ 16% 
at 200 K



Predicted Impact
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Missions: Gas sensing LIDAR
-CO2 (1570 nm) and CH4 (1650 
nm).
-MERLIN (Methane Remote 
Sensing Lidar Mission).. Launch 
15 Feb 2028
-Copernicus Anthropogenic 
CO2M (Carbon Dioxide 
Monitoring) Mission. ESA 
mission launch date TBC
-CO2Image.. Launch 2026

Methane from a coal mine

https://www.eoportal.org/other-space-
activities/imeo#imeo-international-methane-
emissions-observatory

Methods envisaged:
-Differential LIDAR, lightweight 
uncooled APD with <100 photon 
sensitivity (fW)
-Switch between linear mode 
and photon counting to expand 
dynamic range
-Improved imaging through 
obscurant (fog) when using 
Time-of-flight single photon 
detection

Science:
-Improved large area monitoring of greenhouse gases, high sampling rate?
-Combined with optical free space communication? satellite to satellite, satellite to 
ground 

Commercial:
-UK APD supplier: Phlux
-Cost reduction
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