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ABSTRACT

In this study designing and simulation of
laser range finder has been studied by FMCW
method that a set based on one-dimensional
photonic crystals structure as mid-pass filter and
beam detector has been replaces and designed.
The material of Silicon (Si) and Germanium (Ge)
has been considered and gained by transfer
matrix method (TMM) of light detector with too
narrow band width, about 5 nanometers. Also by
using of defect effect and apodization of
refraction coefficient profile, wave length bound
of optical detector from(630 nm — 645 nm)
becomes controllable. So measuring ranges is by
choosing transmitter’s laser type and it depends
on the wave length of transmitted beam and
proportionate to it, error percentage of system is
decreased.

Keywords - Range finder, Frequency
Modulation of Continuous Wave (FMCW) |,
detector , photonic crystals

I. INTRODUCTION

Since there are different technics in
measuring distances as time of flight
(TOF),frequency modulation of continuous wave
(FMCW) and phase change , it is possible to
measure in each condition by continuous spectrum
of signal or pulse transmission [3,4]. In this
research, we will study distance measuring by
frequency modulation of continuous wave (FMCW).
As we know , using the technics of continuous
wave (CW) or laser, one after another , is applied
for average distances [1, 3, 4]. Diagram block of
distance measuring system by modulation of
continuous wave has been shown in figure (1). On
the other hand, applying laser,one after another, is
not possible and because of recognizing beam
reflector from far distances , laser  with
relatively high power is needed .So in this
condition parameters such as cost, dimension and
heat stability of system are introduced [5, 6].
Using high power laser with wave repeat or
wave continuity is impossible and one of the
reasons for measuring distances that are more
than one kilometer by laser pulse transmission
is the amount of transmitted beam power. On the

other hand ,applying laser, one after another, is not
possible and because of recognizing  beam
reflector from far distances, laser with relatively
high power is needed ; so in this condition
parameters such as cost , dimension and heat
stability of system are introduced [5, 6]. Using
high power laser with wave repeat or wave
continuity is impossible and one of the reasons
for measuring distances that are more than one
kilometer by laser pulse transmission is the
amount of transmitted beam power.
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Fig. 1. One sample of diagram block of distance
measuring system

According to FMCW method structure ,
commuting time of conversion is differentiated to
frequency and by this way measuring becomes easy
for short and average distances.Therefore in this
process, laser in continuous state of CW is used and
mentioned state is useable in law powers , so as
mentioned before, it's applicable for law distances
[4, 5, 6]. Since the amount of measuring error and
accuracy of system is considered in this condition,
for receiving the transmitted beam we should
provide condition in a way that can detect
transmitted beam. Also since we have some
limitations in increasing band width of modulation
wave frequency (linear function of system) [1, 4], if
we limit received and transmitted wave length in a
special band width by offering a structure based
on photonic crystals, we could record the amount of
distance or measured changes by detecting received
wave length, Figure (2), [5, 6, 7].
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Fig. 2. The block of how beam is received in

designed structure

1. FUNCTION OF FMCW METHOD AND
INTRODUCING STRUCTURE

In FMCW method, laser power of
frequency modulated with sloped surface or sinus
wave is done by PRI (Pulse Repetition Interval)
alternation period [2, 4]. In this paper transmitted
signal  f,(t) and received signal f.(t) with
minimum (fnin) and maximum (f.x) modulation
frequency in band width bound has been called B
that received signal after returning from a time
delay is t; that we can observe frequency
difference of beat in both signals as fir = fe(t) -
f(t) , Figure (3).
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Fig. 3. Specifications of received and
transmitted signal and their difference

In conditions that purpose is assumed
fixed , we can measure summation difference and
received and transmitted frequencies difference
according to(1) equation that parameter d is the
amount of measured distance and parameter V,
purpose speed (movable).In this way, acceptable
ambiguity bound is CT/2 [4,5,6].
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Approximate  amount  of  distance
measuring is calculated by equation (4) and if
purpose is no t fixed, by equation (5) speed

measuring is provided.
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I1l. FuNcTION OF FMCW METHOD AND
INTRODUCING STRUCTURE
For measuring and comparing minimum
and maximum distance, in two following states, we
study how wave is transmitted and then we consider
resulted comparisons as follows:

a) Triangle and sawtooth wave with f, =2 KHz
b) Triangle and sawtooth wave with f;, =1 KHz
Then after studying each case, quantitative
comparison is done between two states.

First state: triangle and sawtooth  wave
with fn=2KHz

In this state by exerting modulation
signal of triangle and sawtooth wave with

PIR = 0.0005 in bound of 4 KHz minimum and
60 KHz maximum , We can study condition by
(6) and (7) equations that mentioned signals
difference ( Frequency Beat ) is observed in (4)
and (5) figures.
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Fig. 4. Transmitted and received triangle signal
with fn =2 KHz with delay (above figure) —
two signals difference ( following figure )
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Fig. 5. Transmitted and received sawtooth signal
with fn=2 KHz with delay (above figure) —
two signals difference ( following figure)
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So we can study the results of minimum
and maximum measuring amounts of distances
from 2m to 30m have been considered in
figure (6) for both triangle and sawtooth wave
in a condition that PIR = 0.0005 and observe
done calculations.
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Fig. 6.Minimum and maximum distance with
PIR=0.0005 of triangle wave ( above figure)
— sawtooth wave (following figure)

Second state: Triangle and sawtooth  wave
with f,=1KHz

In this state according to mentioned
conditions , by exerting modulation signal of
triangle and sawtooth wave with PIR = 0.0001 in
bound of 4 KHz minimum and 60 KHz
maximum , we can study existed signals
difference (Beat Frequency) and observe them
in (7) and (8) figures [1, 2, 4].
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Fig. 7. Transmitted and received triangle signal
with f, =1 KHz with delay (above figure) -
two signals difference ( following figure)
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Fig. 8. Transmitted and received sawtooth

signal with  f, =1 KHz with delay ( above
figure ) — two  signals difference ( following
figure)

216 |Page



Reza Khodadadi, Parviz Amiri/ International Journal of Engineering Research and
Applications (IJERA) ISSN: 2248-9622 www.ijera.com
Vol. 2, Issue 6, November- December 2012, pp.214-224

By observing distance amounts change in figure
(9), we can see increase in distance measure from
minimum amount of 4m to maximum amount
of 60m and consider gained results with PIR=
0.001 and compare with figure (6).
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Fig. 9.Minimum and maximum distance with
PIR=0.001 of triangle wave (above figure) —

sawtooth wave ( following figure)
Therefore we can conclude that one of the
methods of increasing measure of maximum
and minimum amounts is distance bound of
frequency decreaseof f;, modulation wave that
enforcing this condition has limitation and
because of having linear function ,we can't
increase PIR more than limit amount [6] . So as
we observe in figure (9), to increase distance
measure  bound from minimum amount of
4m to maximum amount of 60m, conditions
are provided in a way that by exerting triangle

or sawtooth wave with 1 KHz alternation
period , we can gain considered results. So
according to identical conditions of minimum

and maximum modulation frequency in each
two triangle and  sawtooth signal ,we can
conclude that by increasing the amount of
alternation period of modulation signal ( PIR
), measureable distance is increased and in fact,
according to equation (8) this condition has
reverse relation with frequency modulation of
considered wave ( triangle or sawtooth wave) [5,
10].
1
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Now according to the
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wave figure of received and transmitted
mixed signal with modulation wave frequency
of f,=2KHz and analyze simulation results to

observe input beam to considered mid-pass
filter.
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Fig. 10. Wave figure of mixed signal in two
states (triangle — sawtooth ) with modulation

frequency of 2 KHz

Since in distance measuring of system
structure, APD is used to detect received and
transmitted mixed signal [3, 4], in this condition
by applying a mid-pass filter design considered
band width and to measure distance ,exert output
final signal to one microcontroller(AVR). So in
this study, first we offer performed design in
circuit level and then explain the structure of
suggested optical defector by photonic crystals.

IV. DESIGNING IN CIRCUIT LEVEL

According to the block diagram of
figure (1) in this design , circuit in figure (11) has
been used as VCO unit for making 2 KHz triangle
wave oscillator in controllable bound with 3 volt
minimum and 7 volt maximum.
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Fig.11. Triangle wave circuits with

2 KHz frequency

producer

Working procedure of above circuit is at
this way: first we should produce one slope
signal for frequency modulation, in this design, we
have used comparator ICs of LM311 model for
producing TTL square pulse and complex circuit
of LM318 model for making triangle wave
producer.

So it’s necessary to regulate voltage level
of this pulse in a way that necessary slopes for
triangle wave would be accessible, by changing
suggested volume of R7 in sample design , we
can change the amount of output offset level and
control it. Also resistance amount of R6 variable
is chosen so big that by increase in fixed time
value of integration system , smooth triangle
wave is made (or by choosing C, variable
condenser , we can increase capacity amount).
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Fig. 12. Input - output pulse simulation signals ,
outl and out2 of circuit of figure (11)

Therefore existing equations of this circuit are
studied and analyzed as follows:
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According to mentioned materials , in
transmitting continuous wave modulation signal
we can study the difference between simulations
of range finder with two different  states and
compare the difference between these two states
of MC1648 complex circuit.
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Fig. 13. VCO oscillator circuit by using of MC1648
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JIH

Down complex circuit is a voltage controllable
oscillator (VCO) in linear function bound of 55
MHz to 130 MHz.
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Fig. 14. Output signal of VCO oscillator

According to above conditions , we can
make the driver of transmitted beam by
stimulation of MC1648 complex circuit. So
according to complex circuit data sheet,we select

circuit  elements proportionate  to designing
method to have Q_>100 maximum.
1
min — (15)
27,/L(Cp (max)+Cy)

Now according to mentioned conditions
and oscillator signal production , we exert
resulted output to a laser driver circuit. Applied
laser diode of this design is SLD1132VS
that in wave length bound is minimum 625
nm to maximum 645 nm that in normal
condition and in normal temperature has 635
nm wave length with output power of Po=3
mwW.

In this level through driver circuit of
figure (15) ,wave length is transmitted by

choosing laser transmitter that in this paper
, SLD1132VS laser diode with normal wave
length of 635 nm has been used for

designing simulation part.As we know , oscillation
extent for modulation of laser current is
considered 10% of the amount of fixed
current [6].

So laser current oscillates as 7 mA around 60
mA. In offered driver circuit we have used a
differentiated reinforcement to control current by
APC circuit , the duty of APC circuit is
converting diode current to control current. So
circuit form and related equations of laser diode
function are as follows.

IB(Q6) = IPIN (16)

2VCC1-2V
16 (Q3) = T2 _hfe(Q6).1 0,
10
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Fig. 16. Characteristic of simulated laser driver
circuit gain

Re resistances have been added to increase
the bound of circuit linear function that for large
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amounts of 2Re.lge , in  comparison  with
V7 linear bound it continues till this amount:

Re e = NFM | (20)

In this level by using of APD
detector  through receiving reflected beam |,
detection is done according to figure (1) block
and then in acceptable band In this level by
using of APD detector through receiving
reflected beam, detection is done according to
figure(1) block and then in acceptable band
width of 30 KHz , according to figure (17) circuit,
designed mid-pass filter is controlled.Since APD
detector output signal is a mixed frequency
harmonics that should pass through a filter to
gain differentiated signal. For eliminating dc
surface of mixer output signal , according to
following figure we can use a third rank up- pass
filter.

VCC2
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R17 7
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Mix Out APD %
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N
i
=0

Fig. 17. Characteristic of simulated laser driver
circuit gain

According to this condition, we have used
an up- pass filter with high resistance amount in
mixer output. Then it has been used an OP_Amp
for buffering and correcting dc surface. So this
condition leads to the separation of two down-
pass and up- pass filters and omits loading effect
on each other. Now after buffering, again it has
used a third rank down- pass filter that eliminates
existed high signals of spectrum. At this way,the
output of filter is differentiated signal that should be
reinforced. Mid-pass filter has 3 KHz < PB < 60
KHZ passing band.
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Fig. 18. Gain bound of mid- pass filter output

Now we turn to offer a
structure of continuous photonic  crystals  of
Germanium and  Silicon and according to
offered explanations on detection, we study and
simulate the conditions of this design and
new function of structure through APD [8, 9].

In fact, the purpose of this paper is
to offer an optical detector based on photonic
crystals that has a combination of received
beam and mid- pass filter block in  wave
length bound (625 nm — 645 nm) jointly ,
therefore we explain  the characteristics of
simulated filter completely.

suggested

V. OPTICAL FILTER AND
DESIGNING

According to the general structure of
optical receivers, that has been shown in figure
(19) by considering all introduced noise
resources , we have used defect exerting
technic to periodic network to study applied
filter and detector results [2, 9]. So by using of
transfer matrix method or TMM we study the
response of considered filter frequency in wave
length bound with (625 nm — 645 nm) band width.

T L T
LRR LT
idet Cd it Tirs Te jamp
. I
Fig. 19. Characteristic General structure of optical
receivers

DETECTOR

¥

According to the effect of reinforcing input
layer that contains (jamp current source, C, capacitor
and Ra resistance), in circuit of optical receivers
(APD), we should consider quantum noise (i;) and
thermal noise (iy) in circuits and compare optical
detector capacitor (Cq) and received optical detector
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current (ige) proportionate to R load resistance.In
this structure, we have used 203 layers
symmetrically from left to right first and last layers
have been had Silicon and Germanium crystal with
ns= 3.45 and ng= 4 refraction coefficients ,
figure (20).

nnnnnnnnnnnn

M

Fig. 20. 203- layer structure with air distance and
apodization effect of refraction coefficient profile

In order to exert defect in mid layer, we
have used air distance with ng =1 refraction
coefficient (air distance has been considered
in 102th layer ) and apodization effect of
refraction coefficient profile in optical filter
behavior.Therefore in second to 101th layers,
from left to right respectfully with 0.015 steps,
refraction coefficients are decreased till
102th  layer with 1 refraction coefficient.

So from 103th layer to 202th layer,
refraction coefficient is a dded with 0.015
steps conversely till finally in 203th layer Si and
Ge crystal are used, so the total number of all
layers is 203 layers . Also in this suggested
sample, we use apodization method of refraction
coefficient profile (Graded Index) to get desired
band width [2, 8].

VI. EQUATIONS AND SIMULATION RESULTS
Performed simulation results are based

on identical layers width (d=10 nm) and
numerical modeling and have been  used
transfer matrix method (TMM) . So conditions

in TE mode and mathematical
studied as follows:

M, M N
{ N u}Da{HD.RDﬁ}DS (21)
MZlMZZ i=1

equations are

1 1
D, = (22)
{nl c0s6, -n, cosel}

In this state , band width amounts are
calculated through the calculation of D dynamic
matrix and P spreading matrix in boundary
conditions and TE mode by supposing 6; as
input wave angle and d, as identical distance
between two consecutive layers.

(23)

¢| = klxd (24)

ky, =N, Y coso,,| = 012,....N,S, (25)
C

d =x-x%,1=0123..,N (26)

So by identifying the amounts of electric
field matrix and Aq, By, 4, , B, coefficients as first

and last layer , we can observe and conclude
transmission and reflection diagrams of signal.

A
Mol m ; @7)
B, B

T n,cosg, | 1 8)

n, cosg, |m;,

Since 0, = 0 is input wave angle in first layer,
6, =0, input wave angle in last layer, nq ,
refraction coefficient of first layer and ng
refraction of last layer , so band width amount of
designed optical detector is measured and
analyzed by equation (29).

n |1
T="2— (29)

nO m11
Gained  results of optical detector

simulation are observed and studied in (21) and
(22) figures. In this state we can receive
transmitted beam in wave length band width
bound of 630 nm to 645 nm and make
distance  measurement  conditions possible by
using of an optical converter to digital signal.
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Fig. 21. Characteristic ~ of  optical  detector
output by using of apodization method of

refraction coefficient profile — (a) transmission ,

(b) reflection
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Fig. 22. Characteristic of optical detector output
gain in terms of wave length(above figure) —in
terms of frequency (following figure)

Now if there is change in layers width,
there will be disorder in structure  detector
receiving bound. In order to prove this claim if
we increase the width of layers(d,= 30) identically
, we will have frequency shift and beam
receiving bound plurality and will not have beam
receiving in 636 nm wave length or 473 GHz
central frequency , suitably,so signal detector wave
length is out of our design and it's not
acceptable, figure (23).
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310
Fig. 23. Frequency response change of structure by
the effect of layers width increase in identical
amount (dL1= dL2= 30 nm)

In this level , in order to observe the
function of passing beam from  offered
structure output and detector , we should suppose
that mixed beam of figure (10) has been exerted to
the suggested structure, in this way we analyze the
output of designed detector , gained results
are observed in figure (24).

Filtered Mixed Signal
50 ! ! ! ! ! !

60
40

Transmission

Time x ]05

Fig. 24. Received beam figure of crystal detector
So by receiving beam in designed structure bound ,
we can control system operation in this wave
length and perform distance pulses count through
exertion to an optical beam convertor to electric
signal.
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VIl. COMPARISON OF APD OF S3884
MODEL BY DESIGNED PHOTONIC
CRYSTAL STRUCTURE

According to the characteristics of APD
optical receiver data sheet and offered third
rank mid- pass filter in this design , received

wave length in maximum peak is 800

nanometers. Since the wave length of selected

laser receiver is 635 nanometers in peak
amount , designed detector has been predicted in

a way that has been set in nearest bound to

laser transmitter wave length . Some differences

of this detector with designed one dimensional
photonic  crystal  structure are studied and
observed in following table.

Table 1. The difference between a photonic

crystal structure detector model

Type of | Photonic APD
detector crystals (53884)
Spectral

response 630 to 645 400 to 1000
range A (hm)

Cut-Off

frequency ( fc) 473 (Thz) 400 (Mhz)
Peak sensitivity

wavelength 636 800
Ap (nm)

Type Filter Method TMM Circuit
Detector 4724 THz 3 KHz
bandwidth <PB< <PB<
filter 4,745 THz 60 KHz
Type qf Laser Laser
Transmitter

VIIl. CONCLUSION

In this study designing method of one
optical beam filter and detector sample has been
studied in wave length bound of 630nm to 645
nm based on Germanium and Silicon photonic
crystals structure. As it was observed , to measure
longer distances by FMCW method , we should
decrease the band width amount of continuous
modulation wave or have the maximum
amount of measurement by PIR increase.

Since there is limitation in B decrease or
increase in alternation period of wave , that's
enough to provide condition in a way that
transmitted beam is created in special wave
length to perform detection in considered bound
in opposite point and finally measure unknown
distance through optical convertors to digital
ones. So we can receive desirable result and
maximum  operation of received beam in
maximum 473 GHz  frequency proportionate to
636 nm designed wavelength maximum. Also we
can use this detector in a condition which it has
been set in front of optical beam transmitter

directly, so transmitted wave length  will have
identical beam receiving bound.
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