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The advent of microprocessor controlled engines in 
automobiles has prompted an increase in sensor re

search. Optical sensors are being considered because of 
the immunity to EMI and the potential for interfacing to 
optical buses for future auto networks. A formidable 
problem is the measurement of cylinder pressure to gain 
information regarding the current state of an engine. With 
the pressure pulse data, a feedback control can be used to 
optimize engine performance. The peak combustion pres
sure location versus crank angle allows optimization for 
reduced emissions and better fuel economy. Effectively, 
with this system operational, the automobile is self tuning 
in real time. 

An optical approach permits measurement of the pres
sure parameter in the presence of EMI arising from igni
tion noise spikes. Hughes Aircraft and General Motors re
searchers developed the concept of using two-mode prop
agation for sensing, in which one mode is sensitive to 
microbending and the other not, in order to accurately 
self-reference a pressure sensor and to efficiently remove 
unwanted intensity variations. 

This sensing technique exploits the difference in con
finement between two optical modes. We propagate both 
modes through a fiber optic cable subjected to microbend
ing at the sensing location. The modes traverse as similar 
an optical path as possible and therefore one of the modes 
can be used as an accurate reference for the other. In the 
sensing region, the more tightly bound LP01 mode will 
suffer little or no loss. At the output, we spatially separate 
the modes and measure their respective powers. Previous
ly, spatial separation of power in the optical modes was 
measured using long path delays in which kilometers of 
fiber are necessary to introduce enough propagation time 
delay between the modes so that they could be time gat
ed. 1 The new scheme uses a diagnostic tool found in wave
guide wavelength cut-off measurements2 that employs a 
bow-tie shaped chopper to sample the azimuthal depen
dence of a far field fiber output pattern. The technique 
readily permits measurement of the power levels of the 

LP11 and LP01 modes because of the difference in mode 
symmetry. As the bow-tie chopper rotates the LP01 mode 
appears as a dc background, whereas the dumbbell LP11 
mode is seen as an amplitude variation in time. In the sens
ing configuration, we measure differential microbending 
attenuation of the two optical modes within a fiber and 
relate this to applied force. Through selection of the mi-
crobend period and fiber type, we can significantly en
hance the attenuation of the LP11 mode over the LP01. 
This is a generic, self-referenced sensing technique that can 
measure force, displacement, or pressure. We demonstrat
ed 13 dB isolation between the modes in a sensing config
uration applying 140 grams to a microbend period of 6.25 
mm and a fiber length of 5 cm. 

Aside from sensing applications, this diagnostic tech
nique has applications in mode filtering. Two-mode prop
agation in 1300 nm designed single mode fibers is being 
exploited for subscriber applications. Inexpensive com
pact disc lasers (780 nm) and silicon PIN receivers may be 
used for data transmission over the same 1300 nm fiber.3 

If this technique is to have low dispersion and noise, only 
the fundamental mode must be launched for each wave
length. We observed the mode filtering effect at a fiber 
junction and determined tolerances for single-mode align
ment. Our technique affords a convenient means to verify 
the purity of launching into only the LP01 mode. 

The technique may also be applied to component diag
nostics. For example, a fiber optic fused coupler is a power 
splitter dependent on input optical wavelength and phase 
matching conditions. 4 , 5 Different modes have different 
phase matching conditions and are therefore expected to 
couple dissimilarly at a fused junction. We observed in a 
fused coupler made with two mode fiber that the LP11 
mode can be made to exit from one coupler output port 
and the LP01 mode to exit the other output port, thus 
demonstrating the property of mode filtering in couplers. 
Such components can be used to effect mode filtering in 
the two mode sensors, thereby simplifying the mode selec
tion techniques.7 
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Optical time-shifters for 
microwave phased array antenna 

steering 
W. Ng, G. Tangonan, R. Hayes, and D. Yap, 

Hughes Research Laboratories 

In electronically steered phased array antennae, pointing 
is accomplished by controlling the relative microwave 

phase between successive antenna elements in the array. 
The phase of these radiation elements can be shifted by 
using lumped-element components typically less than a 
wavelength long. This approach suffers, however, from 
the drawback that the constructive interference condition 
is satisfied only over a narrow frequency band, giving rise 
to undesirable phenomena such as "beam-squinting." An 
alternative technique known as true-time-delay steering 
imposes differential delays between successive antenna ele
ments in real time. This approach is inherently broadband, 
but is presently implemented by routing the RF signals 
through bulky coaxial cables or waveguides whose length 
can be as long as LsinΘ m , where L and Θ m are, respective
ly, the aperture size and maximum steering angle of the 
antenna. 

By using fiber-guided lightwave as a carrier for the mi
crowave that drives the antenna element, a delay line that 
is nondispersive over multiple bands of microwave fre
quencies can be realized. The product of the microwave 
frequency and delay time of such a delay line is estimated 
to be in excess of 10 6 ( 1 ) , and is limited only by the disper
sion of the fiber. Using a 1.3 µm DFB laser modulated by 
a LiNbO 3 travelling wave modulator, a 10 G H z signal was 
delayed for as long as 152 µsec in a radar repeator test 
set.2 

We can vary the delay time for a specific antenna ele
ment by switching optical delay line segments into or out 
of its delay path through the activation of the transmitting 
laser or receiving detector of that branch. Delay line 
switching can also be accomplished with the use of optical 
directional couples3 or semiconductor switches of the total 
internal reflection type.4 We have demonstrated a "laser-
switched" type fiber optic delay network that operates 
from L( l -2 .6 GHz) to X(8-12 GHz) band. 

We built four fiber optic time-shifter modules, each con
sisting of eight optical delay lines, to achieve a total of 3 
bits of resolution. The microwave signals are transmitted 
to the antenna subarrays by direct modulation of high 

speed 1.3 µm p-substrated buried crescent lasers.5 The 
typical cw threshold currents of these lasers were ~14 mA 
for 230 µm cavity lengths, and their relative intensity 
noise (RIN) was typically - 1 4 4 dB/Hz away from the res
onance peak. We coupled the optical output of these lasers 
to an array of fibers whose lengths were cut to provide a 
pre-specified set of differential time delays. During steering 
of the phased array antenna, a delay time is implemented 
for each of the four modules by "turning on" the bias of 
the laser pigtailed to the appropriate length of fiber. An 
excellent RF on/off ratio was obtained by biasing the "qui
escent" lasers of the module below threshold. 

The figure shows the differential RF insertion phase 
(ΔФ) of two representative delay lines in a module differ
ing in length by a factor of 2. The difference in time delay, 

Differential phase of delay line 4 and 7 measured with 
respect to the shortest delay line of the same module. 
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