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Wavelength monitor based on two single-quantum-well absorbers
sampling a standing wave pattern
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We demonstrate a wavelength monitor and a two-wavelength detector based on two
single-quantum-well absorbers that sample a standing wave created by a distributed Bragg reflector.
As a wavelength monitor, our device is power independent over a 15 dB range. Wavelength
discrimination is linear over a 12 nm range. ZD0O0 American Institute of Physics.
[S0003-695(00)04122-X

The recent growth in wavelength division multiplexing absorber is placed at a null of the standing wave while the
has increased the demand for easy-to-integrate wavelengtbther is placed at a peak. The peaks and nulls of the standing
sensitive photodetectors and wavelength monitors. Variougave shift position as the wavelength changes. If an absorber
devices have been proposed for wavelength-sensitive photgles at a null of the standing wave then there is no absorption
detectors, including Fabry—Perot resonator devidesiable by that absorber. Conversely, if the absorber is at a peak, the
filters integrated with a photodetecfoBnd Mach—Zehnder ahsorption will be a maximized. Thus, as the wavelength of
designs for wavelength demultiplexifigh class of devices light varies, the absorption at each absorber also varies. In

based on thin absorbers in standing waves vyas.proﬁamld _our device we used quantum wells as the absorbers since
one such device, a detector capable of rejecting a spemfk(ﬁey are only~\/25 thick
wavelength, was demonstratedvavelength monitors are The signals from the two photodiodes can be combined
necessary to monitor channel characteristics and system per-

" . iIn a normalized differential, (A—B)/(A+B)” fashion
formance. Traditional grating spectrometers, wavemeters

concatenated fiber gratin§sy-branch integrated monitofs, (where A is the signal from the top photodiode and B is the

and dual metal-semiconductor—metslSM) detectors with signgl from the bottom_photodioﬁeo make a wavelength
different finger spacin§,have been demonstrated for wave- MoNitor that is power independent, and we have demon-
length monitoring. strated this operation. In another mode one may detect two
We demonstrate a device that contains two thin-absorbefravelengths simultaneously and independently by choosing
photodetectors at different points in a standing wave. OuPne wavelength to have a node at the bottom photodiode
device can function as a Wave|ength monitor, a two-While the other has a node at the top photodiode. The device
wavelength detector, or a detector that rejects a single, s@letectsk; while rejectingh, and vice versa. With appropri-
lected wavelength. It is a surface-normal device that could be
readily integrated with silicon electronics or made into dense
arrays. Our device samples the standing wave pattern; thus Standing wave intensity
only a small fraction of the incoming signal is absorbed. The

light that is not absorbed is reflected and can be reused. Due . \
to the device structure, operation is relatively insensitive to AR Coating o
temperature changes. -

The device structure is shown in Fig. 1. Anincident light | j———— = = = = = = =

beam is reflected by a distributed Bragg refle¢@BR) and “/
a standing wave is created in the device. The device has an Quantum we

antireflection coating on the top surface; thus it is not a absorbers \t <
; -

Fabry—Perot resonator. The thin absorbers sample the stand-
ing wave pattern. Figure 1 shows the extreme case where one
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FIG. 2. Photocurrent spectrum from the top and bottom quantum wells are . o .
shown on the left axis. The mirror reflection is shown on the right axis. E(IJ?torSn (Q(;j?é (Ap\):(ig)gn?erﬁtASrtZ?ﬁgzr?tlop?oewsefTg\tlzlcsurfl;ir;z aerj\A? tlz the
1.38 mW. A straight line app’roximation from 835 to 847 nm has a slope of
ate spacer thickness, the rejection ratio is maximized and ng132° nm.
postprocessing of the electrical outputs is necessary.
In general, two photodiodes give two independent piecesit the exciton peakresponsivity of 0.029 A\ For the
of information. For example, we can determine both wavehottom diode there is a nonzero amount of photocurrent at
length and power of a signal simultaneously. Alternatively,790 nm. This is most likely because the superlattice is not
we can measure power at two different known wavelengthsgompletely transparent, with some absorption caused by the
The device was grown by solid-source molecular beamyrpach tail of the superlattice. The thickness of the superlat-
epitaxy (MBE) on ani GaAs(001) wafer. The device is an tjce is 200 times that of the quantum well; thus a weak band-
n—i—p—i—n structure grown on a DBR mirror. The DBR {4 apsorption coefficient can give relatively significant ab-
was grown with 7.5 pairs of AlAs/Al1Ga sAs and @ GaAs  sorption overall. There is a dip in the photocurrent at 823 nm
cap layer. The wafer was removed from the growth chambeggysed by an unintended null in the DBR mirror reflectivity
to measure the reflectivity. The reflectivity was then cor-4; go3 nm, as seen in Fig. 2.
rected by adding a GaAs spacer and the remaining SeVen 1 create a wavelength monitor we measured the photo-
pairs of AlAs/Al, 1858 gAs were grown. Each absorber is a ¢, rants from the two diodes simultaneously, recording a dif-
single 95 A GaAs/A} Ga6As quantum well. In addition to ferential photocurrenf" (A—B)/(A+B)” ]. The results for

the quantum well, each region consists of a transparent various power levels are shown in Fig. 3. As seen in Fig. 3

superlattice of alternating pairs of 20 A GaAs/20 A L . »
. . . " the device is power insensitive over the tested range of 35.4
Aly /Gay As, which acts as a suitable substrate for growing a .
. . W to 1.38 mW. The device can be used as a wavelength-
single quantum wefl,and a region of AJGa, ¢As. Both n

regions were doped at 1.4x 10 cm 2 the bottom n re- sensitive detector from 835 to 847 nm. In that region the

gion has a thickness of 0&m and the top n region a thick- response can be fit by a line with a slope of 0.1325hm

ness of 0.3um. The p region was doped at2x 10*8cm? The R value of the linear fit is 0.99. Using this linear ap-
and has a thickness of 05m. The temperature during proximation an accuracy of 0.25nm is achieved. The ac-

growth of the p region was lowered to 525°C to decreas&Uracy is much better if we use a look-up table.
dopant diffusion’® Standard photolithography and wet

chemical etching were used to make 300 and g60square 200 . . . . . . . :
mesas. A SN, antireflection coating was deposited on top 135 mwW _/'-,
of the mesas and metal ring contacts were made to the pan 150 —e— 816 uW / . .
both n regions, followed by wire bonding. r—a— 608 uW . /"\\.

The diodes were reverse biased at 2.5 V and the photog 190 _y_ 210w /'/‘“‘\:\. 1
current from the two diodes was simultaneously measurecf: [ o 354 W /'/'/A \A\'\
while under illumination from a tunable ¥i:Al,O; laser. g S0 _.----._. ot vy 22 i

The signal from each diode is shown in Fig. 2. With better 2

Ls) o b bt 0 tatstiterh . . PO o
thickness control during growth we would have the case® ° A w*‘w
shown in Fig. 1 where there is a null at 830 nm for the  gq| ':%:ﬁ:e:. ™ |
bottom detector and a peak at 830 nm for the top detector I \'1. _.’
The top diode rejects 823 nm and is a strong detector for 83: _100 . L , = L L
nm. There is a 22 dB rejection ratio between these two wave- 810 820 830 840 850 860
lengths. The bottom diode on the other hand is a strong de Wavelength(nm)

tector of 848 nm and rejects 830 nm with a rejection ratio of

: IG. 4. An example of how postprocessing can be used to reject a single
22 dB. The top phOtOdIOde has a peak external quanturﬁvavelength. In this case the wavelength was 840 nm. The weighting that is

eﬁiCien_Cy of 2-1%(reSp0nSiVity of 0.015 A/W The bottom needed is signaA-0.927*B. The intensity of the signal at other wave-
photodiode has a peak external quantum efficiency of 4.2%ngths is proportional to power.
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10— !‘“‘h' —— nm the temperature shift is much larger due to exciton and

| o _395¢C W/ ke | band gap effects. The relatively small shifts with respect to
| 7N ] . . L.
0.5 a—595C 7// [ o temperature can be attrlbuted to the device composition
A 8, g (Al ,Ga&y gAs) and operating far from its band edge.
’ s In conclusion, we have demonstrated a device based on
0.0 lasgy _/ PN % two absorbers in a standing wave that has many possible
‘g“ /‘7/ l\g -/A/ functions depending on how the electrical output of the two
] ’L ‘& photodiodes are combined. It would be straightforward to
N W . integrate the electrical output of our monitor into a feedback
Ta .ﬂ‘ loop to stabilize the wavelength of a diode laser. We have
s o iy : ;

'W also demonstrated a detector that can reject any single wave-
810 820 330 340 850 360 length. This idea could be extended to many photodetectors.
The number of photodetectors determines the number of in-
dependent pieces of information that can be determined. The
FIG. 5. (A—B)/(A+B) vs wavelength for different temperatures. design could be improved by operating in a wavelength

range that is farther from the exciton wavelength, where the
evice would not be as sensitive to temperature fluctuations.
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