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The ldeal Photodetector

All the incident light would be absorbed

The quantum efficiency would then be unity
Minimizing reflection at the incident surface;

Maximizing the absorption within the depletion layer
Avoiding recombination before the carriers are collected.
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Optimization of quantum efficiency

10 # of top DBR pair
| 25Pairs
— 20Pairs
W —— 16Pairs
X /\ 10Pairs
06k 5Pairs
04} \
I N
0.2} ; f / \ f :
0.0
1 0 1 0 1 n 1 N 1 0
979 980 981 982 983 984

Quantum efficiency

Wavelength (nm)

Quantum efficiency
= Absorbed Flux / Input Flux

v When number of layers in top DBR is
chosen properly, quantum efficiency
can reach almost 1.
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Even a slight mismatch of the cavity-mode wavelengths of paired VCSELSs
and RCE-PDs may considerably degrade the receiver sensitivity.
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« The broad band of absorption

« The overall QE should be high

In addition to the above, the VOSEL chip and RCPD chip
are typically tabricated on at least two separate wafers, and
likely two separate runs. Because of fabrication tolerances
and other factors which may vary between waters, the
performance charactenistics of the VOSEL and RCPD
devices may not be sufficiently matched. Thus, it may be
ditheult to 1dentify a vertical cavily surface emitting laser
and a resonant cavity photodetector that have similar tem-
peraiure and wavelengih characierisiics, particularly when
an entire array ol devices must be maiched. To compensate
for these effects, the absorption band of the resonant cavity
photodetectors may have 1o be increased, which may
decrease the overall efficiency and performance thereof.

(and QE) spectra required
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QE flattop condition

1 A resonant-cavity-enhanced photodiode
osl with broad filter transmittance and high

?m guantum efficiency was numerically

g designed and analyzed, fabricated, and

3 validated experimentally.

502 Chen’s group show theoretically that the

T —— quantum efficiency spectrum broadens
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Fig. 6. Quantum efficiency wversus abscrption coefficient: o

= 1.2 =% 10* em ™ (dashed curve), 1 ¥ 10* em ™ (solid curve), and
0.8 » 10" em™ (dotted curve).

C.-H.Chen, K.Tetz, Y.Fainman, "Resonant-cavity-enhanced p-i-n photodiode with a broad quantum-

;¢ - : . : efficiency spectrum by use of an anomalous-dispersion mirror," Applied Optics, 2005, Vol. 44,
ii_;.—.-l g e inlins Ne 29, pp. 6131-6140.




»l

Top mirror
with A/2 defect

Bottom mirror

_ Dhotorics
Investigated structure

Air i l iLight

A/4 GaAs %
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A,/2 defect
- % Parameter Value
2 /4 Al . Ga. As g Active layer thickness (In,,Ga, As) 100 nm
0 0.65 0.35
S Spacer layer thickness (GaAs) 88.2 nm
: Index of GaAs 3.5256
Active layer In,,Ga As
: : Index of In,Ga, (As 3.5691
A4 Al Ga;As Free carrier absorption coefficient of 0.8:10* cm-
: active layer, (In,,Ga, As) 1
A/4 GaAs
A/4 Al Ga, As
Substrate
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Reflection phase

do(w)/dw =0
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The reflection phase of the top mirror
changes is abnormal near to a
resonance.

By changing number of layers in the
top mirror it is possible to achieve
compensation of the phase variation
of total phase caused by wavelength
dependence ®, and @, in the certain
wavelength range. In this wavelength
range a total phase ® will be close to
0.
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Computation method

. R+A+TVT|\/I|\/I
- aqa

y n = rla'r]b'r]c
: na: A We neglect:

scattering and diffraction of light

consider only longitudinal distribution of
waves

absorption in mirrors and spacer layers
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QE spectra of RCE PD

Solid curve

corresponds to
p=11.

g=1.5,

maximum QE of 92.5% and 6 nm flattop
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Data correspond to g=1.5, p=11.
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Wavelength dependence of
reflection phase shift
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The reflection phase of the whole
structure changes abnormal near to
a both resonances in structure.

The flat-toped QE critically depends
from the shape of the reflection
phase curve in this region




Temp. dependence of cavity-mo éﬂzflm

for VCSEL and RCE-PD

The mismatching of cavity-mode wavelength can be compensated by tuning the cavity-
mode wavelength of RCE-PDs.
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Thickness of AD

layer:
1- N2,

2-N2+10 nm,

3-A2+20 nm,

4-N2+30 nm

Optical absorption
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Conclusions

The increasing of the AD layer thickness up to 30 nm (6,12% for A=980
nm) gives the amplitude reduction of absorption maxima more than 0.3
a.u. and leads to red shift of both observed peaks.

By using an AD mirror in place of the DBR as top mirror we have achieved
flattopped condition and high QE.

do(w)/dw=0

For achievement flattopped the spectral response the additional condition
should be satisfied.




