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Spectrodetector—Novel 
Monolithic Wavelength Meter 
and Photodetector 
R.F. Nabiev, C.J. Chang-Hasnain, L.E. Eng, E.L. 
Ginzton Laboratory, Stanford University, Stanford, 
Calif., and K.Y. Lau, University of California 
Berkeley, Berkeley, Calif. 

C ompact and cost-effective wavelength meters and 
detectors are in great need for numerous applica

tions including instrumentation and wavelength divi
sion multiplexing communication systems. Several 
approaches have been reported, including monolithic 
integrated gratings,1 different types of resonant cavity 
photodetectors,2,3 and tapered waveguides coupled to 
vertical cavity resonators.4 Recently, we have introduced 
and demonstrated a novel approach using the ratio of 
two back-to-back detectors with a wavelength depen
dent reflector (Distributed Bragg Reflector, DBR) in 
between.5 The DBR is designed to have a weak wave
length-dependent reflectance which provides the neces
sary spectral dependent ratio for the two detectors. This 
ratio has a one-to-one correspondence with the signal 
wavelength, and thus can be used as a wavelength 
meter. Each photodetector can still be used as a receiver 
for data in addition to the wavelength reading. 

The spectrodetector consists of a stack of two p-n 
junctions with 10.5 pairs of AlAs/GaAs DBR between 
them (See Fig. la). A properly designed DBR distributes 
input light between two detectors in a ratio depending 
on signal wavelength. We use 10 and 20 In 0 . 2 Ga 0 . 8 As 
quantum wells in the top and the bottom photodiodes. 
The DBR is etched by half and p-contact is deposited. 
The top and bottom contacts are deposited on n-type 
sides of the device. To decrease dark current in the bot
tom photodiode, we isolate devices from each other by 
etching through p-n junction. Dark currents of a typi
cal device are about 10 pA and 50 pA in the top and 
bottom detectors, respectively. 

Figure lb shows spectra of photoresponse of top 
(solid lines) and bottom (dashed lines) detectors for 
three different input optical powers: 1.4, 0.2, and 0.026 
μW. At the response spectrum maximum (910 nm), the 
responsivity of the top detector is 0.36 A/W. Response 
spectra of the top and bottom detectors differ because 
of the DBR's wavelength dependent reflectance. The 
ratio of two detector responses is α(1+R)/(1-R), where 
R is the wavelength dependent reflectivity of DBR. 
Figure 1c shows the ratio of currents in the top and 
bottom detectors, I top/Ibot vs. wavelength for these 
three input optical powers. It is clearly seen that this 
ratio does not depend on the input power. Therefore, 
the device works as an intensity insensitive wavelength 
meter. The spectrodetector's spectral range is deter
mined by the width of the DBR mirror spectrum edge. 
In our device we realized a spectral span of 40 nm (900-

940 nm) with a 1 nm resolution. 
A proper tailoring of a DBR reflectance edge can be 

used to expand the spectral range of a spectrodetector. 
The resolution can be improved by better optimizing 
the detector's signal-to-noise ratio. This device is natu
rally fabricated in two-dimensional arrays, compatible 
with multi-mode fiber, polarization insensitive, and can 
be extended to multiple spectral range arrays. Easy 
design and fabrication makes this device promising for 
reliable and cost-effective manufacturing. 
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Figure 1. (left), (a) The spectrodetector consists of a stack of two 
p-n junctions with 10.5 pairs of AlAs/GaAs DBR between them. The 
ratio of two detector responses is α(1+R(λ))/(1-R(λ)), where R(λ) is 
the wavelength dependent reflectivity of DBR. (b) Response spectra 
of the top (l top) and the bottom (lbot) detectors for different input 
optical powers. At 910 nm, responsivity of 0.36A/W is obtained, (c) 
Spectra of the l t o p / l b o t ratio for different optical powers. All three 
curves for different powers (same as in (b)) overlap exactly indicat
ing intensity independence of the ltop/lbot ratio. 
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Second Harmonic Generation: 
Toward an All-Optical 
Transistor 
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CREOL, Univ. of Central Florida, Orlando, Fla. and 
Gaetano Assanto, Terza University of Rome, Rome, 
Italy 

One of the goals in the development of all-optical 
alternatives to electronic processing has been devel

opment of an optical equivalent to the semiconductor 
transistor. Different schemes have been suggested for 
all-optical (AO) modulators and transistors, most of 
them based on third-order nonlinearities. More recent
ly, after the experiments by DeSalvo et al., attention has 
been paid to the cascading of second-order nonlineari
ties.1 The possibility of using cascaded quadratic effects 
to exploit the coherent nature of parametric interac
tions2 has spurred interest toward analog AO processes 
in second-order material systems, first among them the 
transistor. Recently, various schemes for AO transistor 
action have been discussed and, in part, demonstrated 
in the framework of nonlinear cascading through sec
ond harmonic generation (SHG). 3 , 4 They, however, rely 
either on a specific structure of the nonlinear suscepti

bility tensor4 or on the use of a coherent seed at the SH 
frequency.3 A novel approach for all-optical transistor 
action involves SHG in the case of Type II phase-
matching, i.e., through the interaction of two orthogo
nally polarized waves at the fundamental frequency 
(FF) to generate a SH wave.5 In such a case, in fact, a 
standard crystal allowing Type II phase-matching can 
be used, and both input and output signals have the 
same optical frequency. Moreover, the two FF waves at 
the input, namely pump and signal, need not be coher
ent to one another.5 

We have demonstrated the feasibility of an AO tran
sistor in a 2 mm long potassium titanyl phosphate 
(KTP) crystal, using 25 psec (FWHM) pulses from a Q-
switch mode-locked Nd:YAG laser operating at 
1.064 µm.6 Pump and signal inputs were the two 
orthogonal polarization components of a FF field ori
ented to nearly phase-match Type II SHG. When the 
two input amplitudes are not balanced, i.e., the polar
ization input angle is not exactly 45°, the SHG process 
is sharply controlled by their relative weights, regardless 
of their mutual phase relationship, leading to efficient 
AO modulation in either polarization component and 
in the total FF transmission. Figure 1a shows experi
mental data and the theoretical simulations demon
strating such transistor action versus the normalized 
input imbalance between ordinary and extraordinary 
components. Noticeably, a modulation contrast of 10:1 
is achieved in the total throughput T with a variation of 
15% in the relative strength (Ie-I0)/Itot, i.e., rotation 
ΔΦ 4.30 of the linearly polarized input FF field, and a 

small-signal amplification γ=ΔT/(Ie-I0) of 7.9dB. 
Similar results with reduced variations and smaller 
rotations are obtained for larger input intensity, with 

ΔΦ=1° and γ=14 dB for Itot=32 GW/cm 2 . 6 

The operation of this AO transistor, as mentioned 

Figure 1. (a) Throughput modulat ion versus intensity imbalance in 
the two input c o m p o n e n t s Ie-Io/Itot. for I t o t=8.5 GW/cm2. Empty and 
filled circles are the experimental data for e a c h ("e" and "o") polar
ization output, the triangles are the total throughput, and the sol id 
line is the numerical s imulat ion, (b) All-optical t ransistor configura
tion using two nonlinear crysta ls with Type II phase-matching. 
M=mirror, PBS=polar iz ing b e a m splitter, NLC=nonl inear crysta l . 
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