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HDVIP Photodiodes

The high-density vertically integrated photodiode 
(HDVIP) represents a fairly new approach in the develop-
ment of infrared focal plane array architecture. The mono-
color HDVIP consists of a thin layer of extrinsically doped 
p-HgCdTe, passivated on both surfaces with an interdif-
fused layer of CdTe, which is glued to an underlying silicon 
ROIC with a uniformly thin bond-line of epoxy. The stress 
in the HgCdTe is uniform throughout the whole layer ex-
cept for a small region around the periphery about the size 
of a layer thickness. Contact to the silicon ROIC is achieved 
by etching a via hole through the HgCdTe down to landing 
pads on the silicon. The n+/n– region of the diode is formed 
around the via hole, both by the etching process itself and a 
subsequent ion-implant step. The other notable feature of 
this architecture technology is the p+/p non-injecting con-
tact form in each unit cell of the FPA. These contacts are 
joined electrically by a top surface metal grid, which results 
in negligible de-biasing across a large area array, even at 
relatively high background flux currents. The fill factor of 
the unit cell is greater than 80%, with resulting unit cell 
collection efficiencies in excess of 60%.
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HDVIP Photodiodes (cont.)

Liquid Phase Epitaxy (LPE) is used to grow the material, 
resulting in inherently purer HgCdTe epitaxial layers, and 
therefore the depletion region presents a smaller amount of 
threading dislocations. Applying the hybridization tech-
nique to silicon renders the device immune to rapid thermal 
cycling. Furthermore, the photodiode is front-side illumi-
nated, leading to high quantum efficiencies and near theo-
retical MTF performance.

HDVIP technology is currently employed for production 
manufacturing of a wide variety of FPAs and detector- 
dewar cooler assemblies (DDCAs).

This technology has been extended to two-color by gluing 
two mono-color layers together into a composite and form-
ing an insulated via hole through the lower layer in order to 
read out the upper color. This approach has been used to 
fabricate MW/MW and MW/LW 320 × 240 FPAs on a 50-µm 
pitch, with co-located and simultaneous readout of the two 
colors using existing 640 × 480 ROIC. The two color signals 
are read out individually. This approach is readily adaptable 
to three or four colors.

Electron-injected avalanche photodiode (EAPD) detec-
tors are based on HDVIP architecture. This fairly new tech-
nology has been demonstrated to be one of the most promis-
ing paths to FPAs because of their exponential gains of 
100–1000 for low values of reverse bias (5–10V), and high 
bandwidth associated with excess noise factors (f = SNRin/
SNRout) of 1.0–1.3.
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Uncooled HgCdTe Photodiodes

When operating at midwave and long wave, infrared photo-
detectors require cryogenic cooling to achieve useful perfor-
mance. The need for cooling is a major limitation of these 
devices that prevents more widespread use of infrared tech-
nology. Thermal detectors operate at room temperature, 
but they cannot replace photon detectors in most applica-
tions due to their slow response and ineffectiveness in ap-
plications requiring multispectral detection.

There are some ways to improve the performance of photo-
detectors without cooling. One of them is the suppression of 
the Auger generation-recombination process. The Auger re-
combination and its counterpart impact ionization. It in-
volves three particles, an electron, and a hole, which recom-
bine in a band-to-band transition and give off the resulting 
excess kinetic energy to another electron-hole pair. A mod-
erate p-type doping of the absorber region is widely used for 
some suppression of the Auger mechanism. Another way to 
improve the performance of uncooled infrared photon de-
tectors is to reduce the physical volume of the semiconduc-
tor, thus reducing the amount of thermal generation. This 
must be done without decreasing the quantum efficiency, 
optical area, or FOV of the detector.

Thickness of the active region of the detector can be reduced 
significantly by enhancing the absorption of the radiation. 
This can be achieved by making use of multiple-pass radia-
tion with a backside reflector. Even more efficient is the use 
of interference phenomena to set up a resonant cavity within 
the photodetector.

Interference occurs between the waves reflected at the rear 
and at the front surface of the semiconductor.
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Uncooled HgCdTe Photodiodes (cont.)

The thickness of the semiconductor is selected to set up the 
thermal standing waves in the structure with peaks at the 
front and nodes at the back surface. The quantum efficiency 
oscillates with the thickness of the structure, with the peaks 
at a thickness corresponding to an odd multiple of λ/4n, 
where n is the refractive index of the semiconductor.

Higher gain can be obtained in structures immersed be-
tween two dielectric layers and supplied with a backside re-
flector. The gain in quantum efficiency increases with n. 
Increased absorption allows for improved collection effi-
ciency in photodiodes since thickness can be smaller than 
the diffusion length.

Interference effects modify the spectral response of the de-
vice, thus the gain within the optical cavity is achieved only 
in narrow spectral regions. Another limitation is that opti-
cal resonance occurs mostly for perpendicular incidence 
and is less effective for oblique incidence, thus limiting the 
use of these devices with fast optics.

Fundamental considerations dictate that HgCdTe is the op-
timal material for high-performance FPAs. The semicon-
ductor’s direct bandgap translates to high-absorptive effi-
ciency, and the material’s composition can be tailored to 
absorb infrared radiation at all infrared spectral regions. 
These attributes translate to flexibility and capability for 
BLIP detection. Unfortunately, insufficient demand to tran-
sition to high-rate production has led to difficulties in meet-
ing the ultimate limit of HgCdTe detectors. Nevertheless, 
the fundamental performance limits of HgCdTe photodiodes 
have not been reached yet. Continued development of the 
in-situ epitaxial techniques will allow bandgap engineering 
devices of increasing quality and complexity.


