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TECHNICAL ABSTRACT
High-efficiency, broad bandwidth (2-10 GHz) GaInAsSb/GaAlAsSb p-i-n photodiodes with air-brigde frontal
contact operating in the 1.2-2.4 μm spectral range at room temperature have been developed for the first time. The
broad bandwidth photodiodes make it possible to study fast processes in laser physics, nuclear physics, and physics
of cosmic rays. These devices are also of great interest for long distanсe ranging, high-frequency optical fiber
communications, the free-space optical link, medicine, and so on.
A reproducible technique for the creation of the broad bandwidth photodiodes has been developed. The
technique includes growth of the GaSb/GaInAsSb/GaAlAsSb heterostructures by the liquid phase epitaxy (LPE),
post-growth formation of the GaInAsSb/GaAlAsSb photodiodes, mounting the photodiodes in the SHF headers for
investigation of response kinetics and measuring the photodiode bandwidth. The distinguishing feature of
photodiodes with air-brigde frontal contact is separation of photosensitive and contact areas. A 50 μm diameter
sensitive area of the photodiode was formed by wet etching. Contact area as a 50× 70 μm rectangle was prepaired

a)
b)
Fig.1 a) Scanning electron microscope image of the photodiode with air- bridge frontal contact.
b) Front view foto of the photodiode .
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by the same etching method. Thermal evaporated Cr-Au 2200 Å thick and CrAuNiAu ohmic contacts were applied
to the p-GaAlAsSb top of each mesa and to the back of n-GaSb substrate, respectively. Frontal ohmic contact was
as “air-bridge” form contact with 20 μm width and 85 μm length . This contact was added 3-6 μm thick galvanic
Au. “Air-bridge” contact was isolated from contact area by Si3N4 dielectric layer. C-V and V-A characteristics of
photodiodes with and without dielectic layer were investigated. The best results on value capacity and reverse dark
current were obtained for photodiodes with dielectic layer under frontal contact at contact mesa. The
GaInAsSb/GaAlAsSb photodiodes demonstrated the capacitance as low as С=2.0-3.0 pF at reverse bias U= 0 V
and С=0.8-1.0 pF at U=−(1-3) V, respectively.
We have studied the spectral response characteristics of GaSb/GaInAsSb/GaAlAsSb photodiodes. Figure 2
shows the typical spectrum of room-temperature photosensitivity of a p–i–n photodiode. The long-wavelength (red)
boundary of the spectral sensitivity is about 2.4 μm at T = 300 K. The bandgap width of the Ga0.78In0.22As0.18Sb0.82
narrow-gap solid solution is Eg=0.53 eV. The temperature coefficient of variation of the band gap ΔEg/ΔT defined
in the temperature range of 250-330 K is −4×10−4 eV/K. The response current (ampere–watt) monochromatic
sensitivity at λ = 2.1 μm amounted to Sλ = 0.9–1.15 A/W, which corresponded to a quantum efficiency of 0.6–0.7
(without any antireflection coating).
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Fig. 2. Spectral distribution of RT photosensitivity
of the GaInAsSb/GaAlAsSb p–i–n photodiode.
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Fig.3. Photoresponce of the GaInAsSb/ GaAlAsSb
p–i–n photodiode irradiated by a laser pulse
λ =1.3 μm (in the inset).

The response speed of the p–i–n photodiodes was studied under conditions of their excitation by radiation
pulses of a semiconductor laser operating at λ =1.3 μm with a pulse full width at half maximum (FWHM) of 25 ps.
The photoresponse was monitored by a 18 GHz stroboscopic oscilloscope (S1-91). Figure 3 shows the typical
photoresponse waveform, from which it is seen that the output signal has a FWHM of about 220 ps. The
photodiode response time, as determined by the photoresponse intensity buildup within 0.1–0.9 levels, is estimated
at t0.1–0.9=90–150 ps. The photodiode bandwidth of 2-10 GHz was reached.
The photodiodes are characterized by low level of the reverse dark current (200-1500 nA at reverse bias U=(0.5-3.0) V), high monochromatic current sensitivity (1.10-1.15 A/W at λ=2.0-2.2 μm) and high detectivity
D*(λmax,1000,1)=9.0×1010 W-1×cm×Hz1/2) at the wavelength of maximum sensitivity. The nonlinearity of the
output signal did not exceed 0.1%.
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