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Abstract 

The design and first experimental results of a dual-wavelength 
heterodyne interferometer (nWHI) for precise surface profile 
measurements are presented. The DWHr is based on a Mach-Zehnder 
type interferometer with the surface to be measured in the 
sensing arm of the interferometer. Two adjacent wavelengths are 
simultaneously used in the interferometer; the range information 
is gained from the beat frequency of both heterodyne 
interferometer signals. Thus, the extreme range ambiguity of 
classical interferometers and their sensitivity to mechanical 
distortions are reduced by the ratio of laser frequency to beat 
frequency. The DWHI is expected to have the good SIN performance 
a of coherent detection system but also the capability of 
measuring to diffusely scattering targets. The main features of 
the system presented here are: 
- use of a single diode laser in combination with a high 
frequency Bragg cell to generate two adjacent wavelengths 
- use of an all-fiber concept for the optomechanical build-up 

Introduction 

The need of remote sensors in manufacturing processes and in 
robotics 'has stimulated the development of refined techniques for 
3-D mapping. The most frequently used techniques are: focused 
beam probing, triangulation, time-oi-flight radar, and interfero
metry, Interferometry - without doubt - is the most sensitive 
one, but in general it requires smooth surfaces and a very stable 
build-up. To get rid of these restrictions dual-wavelength 
techniques can be appliedl . Although dual-wavelength 
interferometry is known since years a novel approach using a 

Hichel50n type interferometer was presented by R. Dandliker et 
al. 2 . Two adjacent laser wavelengths are frequency shifted by 
acousto-optic modulators and arc simultaneously passed throueh 
the interferometer. The heterodyne signals of both laser lines 
are electrically mixed and the resulting beat frequency is taken 
for the range evaluation. 



2.8 

In our approach the two adjacent la~er line~ for the DWHI are 
produced from a single laser source by passing the collimated 
beam through a high frequency Bragg cell. The diffracted beam is 
frequency shifted with respect to the undiffracted beam by the 
Bragg cell drive frequency. In another step we reduce alignment 
and backreflection criticalities and strive for a rugged and 
compact configuration by using an all-fiber optical concept. 

Principlo of Operation 

The basic operation scheme of our DWHI is shown in Fig.l. Two 
laser beams of frequency ~l and frequency v2 are passed through 
the aCQllsto-optic modulators AOMl and AOM2. The diffracted beams 
are frequency shifted by fl and f2. The four beams arc 
distributed by mirrors and b6amsplitters in a way that interfero
metric signals can be gained from vI and vl+!l and from v2 and 
V2+f2, vi and y2 travelling via the target arm z and vl+fl and 
v2+f2 travelling via the reference arm 1 . Photodetector 01 will 
provide the following signal: 

let) : [8.1 +a2: +a3 +a4 J2: ( 1 ) 

with a. : M*expi(~VI*t - 4,vl*z/c)] (2a) 
a2 : A2:*expi(2Xv2*t - 4~~2*z/c)J (2b) 
a, : A"expi(2tt(vl+fl)*t - 4~(vl+fl)*1/c)1 (2c) 
a4 : A4*expi[2~(V2+f2)*t - 4~(v2+f2)*1/c)1 (2d) 

z is the target arm length, 1 is the reference arm length 

By filtering the heterodyno signals of frequency fl and f2 we get 

I'(t) = 2IuA3*cos(21c.fi*t + 41tvl*z/c) + 
2A2:A4*cos(2~f2*t + 4~2*z/c) 
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Fig. 1 Scheme of the Dual-Wavelength Heterodyne Interferometer 
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Both heterodyne signal are phase sensitive according to 
wavelength . 

the laser 

Mixing both heterodyne signals and filtering the beat 
yields 

frequency 

I' 'It) = A"cos[Z¥(fl-fZ)*t + 4~vl-vZ)*z/cl (4) 

The phase sensitivity of the beat signal now is no longer r e lated 
to the laser wavelengths but to a synthetic wavelength of 

A . A A= _ :1.......:_L 
IA I "Azl 

Photodetector 02 provides the phase reference signal . 

The main problems in realizing a DWHI system are: 
1) the coherence lengths of the laser lines and the mutual 

wavelength stability 
2 ) the alignment of the laser beams 
3) parasitic backreflections and strayllght 

Lasor Soureo 

( 5) 

Out of a large variety of possible lasor sources: diode lasers 
are most attractive for a future DWHI because they are small, 
rugged, and low power consuming. It is howeve r obvious that two 

independent la~er diodes hardly can fulfil the mutual stability 
requirements for accurate measurements. If, f or example, a range 
resolution of dz ~ 0.1 mm is strived for and a phasemeter 
r e solution of . d~/~ = 3*10- 4 is assumed the difference freque ncy 
o f both lase r lines should be vl-~2 = 500 MHz to have the maximum 
of r a nge unambiguity . The mutual stability of both las er lines 
then has to be b e tter than 

dv = (Vl-VZ)*dz/ AZ (6) 
d'i = 150 kHz for A z :: 300 rom measuring range 

of a single mode GaAlAs In consideration that the freque ncy walk 
laser diode with temperature and 
approximat:ely : 

injection current is 

d~/dT = 26 GHz/K (d)ldT = 0.06 nm/K) 
dv/ dI = 3 GHz/ mA (d)ldl = 0 . 007nm/ mA) 

(7 ) 

(8) 

it is evident that it would be extre mely difficult to control two 
individual diodes to the mutual frequency stabi lity required f o r 
a DWHI as described above . Therefore the more promi s ing approa ch 
is to use only a single l a ser diode in combination with a high 
frequ e ncy Bragg cell . If, aite r pass ing the laser beam through 
the Bra gg cell, the d i ffracted beam and the undi!frac ted be am are 
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used for the DWHI both laser lines are correlated in frequency 
and phase. 

Modern monomode laser diodes (e . g. Hitachi HLP 1400 or HL 8314) 
show stable single frequency emission at de operation conditions. 
Flg.2 and Fig.3 show the spectral changes with temperature and 
injection current. Single frequency emission is obtained over a 
wide range of temperature and injection current . 

Fig.4 shows the linewidth of the HL 8314 at its nominal injection 
current of 125 mA measured by a scanning Fabry Perot interferome
ter. Since the FP resolution was only 10 MHz i~ can be derived 
from Fig.4 that the laser linewidth is smaller than 10 MHz. A 
self-heterodyning experiment (Fig.5) gives a better resolution of 
the laser linewidth . It could be shown that the linewidth is 
about 2 MHz at 125 mA injection current (30 mW optical power 
output); it increases to 5 MHz when the injection current is 
decreased to 90 mA (15 mW output power). During the lincwidth 
measurements the laser diode was stabilized within 10 mK in 
temperature and within 10 pA in injection current. Fig.6 shows 
the spectrum of the self-heterodyne signals at 125 mA and 90 rnA 
laser diode injection current . 
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Fig . 2 Laser Diode Single Mode Operation and Spectral Walk 
with Temperature (Hitachi HL 8314) 
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Fig. 3 Laser Diode Single Mode Operation and Spectral Walk 
with Injection Current (Hitachi HL 8314) 
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Fig. 4 Linewidth Measurement 
by a Scanning Fabry 
Perot Interferometer 
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Fig. 6 Linewidth Measurement 
by a Self - Heterodyning 
Experiment 
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Fig. 5 Experimental Set-up for the Self-Heterodyning 
Linewidth Measurements 

It can be summarized: 
a) Modern single frequency laser diodes are well-suited for 
interferometry up to several tens of meters of path difference 
between target and reference arm. 
b) For dual-wavelength interferometry it is more convenient to 
generate both wavelengths by passing one laser beam through a 
Bragg cell instead of controlling two independent sources. 

Optical Configuration 

Single optical elements, e.g. beam splitters or quater wave 
plates, as used in former dual-wavelength interferometer set-ups, 
introduce the risks of non-perfect beam alignment and of 
parasitic straylight and backreflections. 
Non-perfect beam alignement causes the speckle phases from rough 
surfaces in both beams to vary in an undefined way3. Thus, phase 
measurements to rough surfaces will be extremely critical. 
Reflections from optical surfaces can cause light to propagate 
from the reference arm to the target arm or vice versa. 
phase errors are introduced in the detector beat signal 
strongly affect the ranging accuracy. 

Thus, 
which 

In our approach an all-fiber concept was chosen which is expected 
to remove the above risks. Fig.7 schematically shows the set-up. 
A single diode laser in combination with a 500 MHz Bragg cell 
provides two adjacent laser lines vl and v2 in the diffracted and 
the undiffracted beam. Both beams again are passed through AOM's 
of f1 = 40.0 MHz and f2 = 40.1 MHz. The resulting beams are fed 
into monomode fibers. The directional fiber couplers DC1 and DC2 
combine v1 and V2 in a target arm signal, and vl+f1 and v2+f2 in 
a reference arm signal. Part of the target signal and part of the 
reference signal are fed to detector D2 to provide the phase 
reference. A variable fiber delay line DL2 makes it possible to 



'.", 

"'" '" 

" ... .. ~. 
Fig. 7 Optical Configuration of the Dual-Wavelength 

Heterodyne Interferometer 
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extend the measuring range to larger distances than given by the 
laser coherence lenght. Detector 03 and the fiber delays DLI and 
DL3 are part of an auxiliary fiber interferometer for system 
calibration. Intermittent switching between 01 and D3 during the 
measurements allows for compensation of electronic drifts and 
aging effects and makes absolute distance measurements at high 
accuracies possible. 

DWHI realization and outlook 

A breadboard of a DWHI is now being accomplished under an 
European Space Agency contract. First tests on monomode fiber 
coupling and signal mixing have already been performed. The 
results are encouraging. Laser to fiber coupling efficiencies of 
up to 70% have been achieved. Backreflections from fiber couplers 
are very low and presumably do not affect the measuring accuracy. 
Backreflections from other optical components and from fiber ends 
can be reduced significantly by using adequate coatings and 
surface tilts. We expect that the realization of the DWHI 
de~cribed in this paper is a significant step towards a versatile 
precise surface mapping system. 
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