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This invention relates to a system and nethod for inproving the spectrum
line width and stability of a | aser diode |ight source and, nore 21 SEP 2004
specifically, to fiber optic gyroscopes 10 including |aser diodes.
BACKGROUND PE THE | NVENTI ON General |y, cdnventional |aser diode |ight
sources are economcal and readily available comercially. Conventi onal
| aser diode light sources are widely used in the 15 telecommuni cat i on
‘industry and a o 0 . : ‘
conventional |&ser—trc O0r e range
of -30 to 75 degrees CGSSURCEWRVQW,OFPIUEBTGYR@S(t@PEr d| ode l'i ght
-sources are generally nof  applicable to fiber optic gyroscope applications
due to fheir narrow spectrumlinew dth and unstable [ight spectrum
characteristics. These attributes cause sub-interferoneter effects in 20
the fiber optic gyroscope which result in a poor in-run bias stability and
scale factor stability. 1In tm&—ﬁ kN Ld) posed to use speci al

br oadband | asers as |ight sour orY fééiiﬁ@%nt%? gyroscopes. Such

| asers however %sﬂa@éﬁﬁoﬁ&@ﬁ&gm@g@%aﬂmﬁaﬁe&f&ﬁmm% SdpectHiRd lint YHGE
nore than the types of l|aser diodés presently available for comrunications
purposes. Hadsikility af a taeediodbliglkt, soutvelaed tthesepetihcdly, tor Bbencpiit gytascapes ar e
I nexpensi ve, 25 they have the characteristic of sharp or narrow bandw dt hs
and thd€ havdudisg lgsendiodesisabl e for applications which require a w de
bandwi dth, such as fiber optical gyroscopes. One proposal to nitigate the
sub-interferometer effects is to use only the non | asing operational
region of the conventlonal MGWWQEMN | i ght source for
operating the fiber tic gyroscope. A drawback of this proposal is that

t he power |evel Gén )'leenvmob%is asey dipde dight senrcesegegrronemical apdmeadili onal

laser di ode Iaﬁab\ie [ mlm%\f\(:l }b er(:%];z%zﬁionaf] leaser diode light sources are widely used in. the

15 telecommunication industry and are effective over a wide temperature range. For example,
a conventional laser diode light source is effective over a temperature range of -30 to 75
degrees Celsius. However, conventional laser diode light sources are generally not

~ applicable to fiber optic gyroscope applications due to their narrow spectrum linewidth and
unstable light spectrum characteristics. These atiributes cause sub-interferometer effects in

20  the fiber optic gyroscope which result in a poor in-run bias stability and scale factor stability.

In the past it has been proposed to use special broadband lasers as light sources for
fiber optical gyroscopes. Such lasers however are very expensive and, indeed, cost several
magnitudes more than the types of laser diodes presently available for communications
purposes. However, as noted above, while these diodes are available and are inexpensive,

25  they have the characteristic of sharp or narrow bandwidths and thus have not proven usable
for applications which require 2 wide bandwidth, such as fiber optical gyroscopes.

Osne proposal to mitigate the sub-interferometer effects is to use only the non-lasing
operational region of the conventional laser diode as an operational light source for
operating the fiber optic gyroscope. A drawback of this proposal is that the power level of

30 the non-lasing operational region of the conventional laser diode is very low. Therefore, the
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the spectrum |1 new he |1 ght source. More specifically, there is a

need for ardquireractpd teaglergyeasongle and avespexpeasivopespatael W th | aser |ight
froma conventional |aser diode. SUMARY OF THE | NVENTI ON 10 The i nventi on
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the drive clrrent, we have discovered that the spectrumlinew dth and
stability operhizd witinlesatiight flom as@ivediiomilasergtibdesour ce are significantly

15 inproved. We refer to this specially varying signal as a dithering
signal by analogy to the technique used in telecomunication, such as

tel evi si on broadcasting, re wm scale of a picture
by picture elenents with on%ﬁ& @m&le" and "black") in
whi ch gy mul til evgl ] LIRS 31s9Rah b nERIBRabE bRz SheRftimtliridigRRAdeNt
set Zo?oof thres@ed%%g%ﬁ pi Cct Sr%esgel enent's arg&setxmtﬁc#qg ite" only where
the i mage isppility Sikikabsing decksing trgioh bf astvavehtidnal biser dindodighestwad. The

i nvention, an analog dithering systemis provided for generating an anal og
di thering divgntive systermand method pisoiferspecially vapdng Figaal forofTyag e grivs purrent

di t heri t i S,. ,ded_ f .at di.git.al, di | ' Th
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warranted, such as in a fiber optic gyroscope. W have found that when the

di t herihg digrmdedi s provided to vary the | aser diode drive current of a

| i ght source us to, operate a,fjber optijic ro e, there is

Si gni ficant e;%e refer ?o tl%s speciaﬁy varying s{gnalggs a%?tggrmg 51gna.1eby ana?ogy to the
technicque used in telecommunication, such as television broadcasting, representing the

entire gray scale of a picture by picture elements with only one of two levels ("white" and
"black") in which a multilevel input image signal is compared with a position dependent sct

20  of thresholds, and picture elements are set to "white” only where the image input signal
exceeds the threshold.

In one embodimeént of the invention, an analog dithering system is provided for
generating an analog dithering signal. In another embodiment of the invention, a digital
dithering system is provided for generating a digijtal dithering signal, The analog and digital

25  dithering signals can be used in a plurality of applications where a variation of a light

source's drive current is warranted, such as in a fiber optic gyroscope.

We have found that when the dithering signal is provided to vary the laser diode

drive current of a light source used to operate a fiber optic gyroscope, there is a significant

30  improvement in the in-ran bias stability and scale factor stability of the gyroscope. Further,
the inventive systera and method realize an ultra low cost light source that can operate in a



30 inprovenent in the i n n bias stabili ty and scal ™ actor stabili ty of

t he gyroso¥Pe1/ 7RIt her, the inventive system and net hod redT/us®iamoal tra
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Figure 1 is a schematic diagramof one illustrative enbodi nent of our

i nventi on; Wilegtampertie mEngh 58 130 iosTT desmaes Gelsingi and regizes very Isfw power
conventi Onaéoﬂsﬁél@ﬁ gi ode light source; Figure 3 is chart illustrating a
spectrum of "CoNv nttonal |aser diode | ight source where dithering is
performed according to the present invention; 10 Figure 4 is a bl ock

di agram of an anal og system for generating a dithering signal for a fiber
.optic gyroscope ill ustraBRIEEFDESORIFITONOF THE BRAMWINESt of the present
invention; and Figure 5 is a block diagramof a digital system for

gener ating a di t Rl iss sphematie diagesas o iBpstiativg ymbediopeat bf bwrihvattione of

a further specific enbodi nent...of the present invention. 15 TAI LED .
DESCRI PTI ON OF Ttlé“ﬁf‘%ﬁéﬁ%ﬁ EEEEENTRicahSRETHg © 6%?8“@435%’@1 é‘,odﬁ Kebt s
depi cted ongwmshecific illustrative enbodiment of our invention, conprising
a fiber optic gyro 10 that can be driven by a light source 11 which is a
conventional andFiguexpénshareilhasstingd estetrudSofl Conlvastivhal ee0¥ible Lokl ssirsiles
a fiber coil 20 13 and an_ integrated optics chip 14 which includes a

pol ari zes 1%herprlitbesingis perigrmeed acpording tethe presentduventionhe power control | oop

tr anom 0t | ng t het TRECTisA g Rece oh o BAItE riFIL o tedrinect QeRiog signal for
phot odi odes, RRer'Mpiie dviR 'gﬁuﬂaﬁvé | tegﬁ) rs o
phot odi ode 20 i c%egﬁg througﬁﬁghgjr%g#glh%%e e?@%%%ﬁ&g?g%ﬁvén%m’
variable angpid fier/filter 22, and an 25 analog to digital converter to a
field progranmabl e gate array_24.

O gute 5 1s a blook diagram of a digital system for generating a dithering signal for

a fiber optic gyroscope illustrative of a further specific embodiment of the present invention.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Turning now to Figure , there is depicted one specific illustrative embodiment of

our invention, compnising a fiber optic gyro 10 that can be driven by a light source 11 which

is 2 conventional and inexpensive laser diode. As is known the gyro 10 includes a fiber coil
20 13andan iﬁtegrated optics chip 14 which includes a polarizer 15. The light source 11 is

incorporated in the power control loop 17 which also includes the coupler 19 connected 1o

the light source 11 for transmitting the laser beam to the gyro 10 and also connected to

photodiodes 20 which receive the returned light beam from the gyro 10. A photodiode 20

is connected through a transimpedance amplifier 21, a variable amplifier/filter 22, and an
25  analog to digital converter to a field programmable gate array 24.

In accordance with our invention the field programmable gate array 24 creates a
dither pattern generated by and under contro} of a digital signal processor 26. The dither
signal appears on the output 29 of the array 24 and, after passing through a digital to analog

30  converter 30, is applied through the Light source drive circuit 31 to the light source 11,
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signal processor 26. The dither signal appears on the output 29 of, fe
array 24 and, after passing through a digital to analog 30 converter 30, is
applied through the Iight source drive circuit 31 to the |ight source 11.
WO 01/ 73377 4 21 SEP 2004 PCT/ US03/09492 For a desired power |evel, P, the
control signal X(n) that appears on lead 29 is given by the follow ng
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25 T . power emLeod byt o anes “HoReE &pd ARG wel M. Mifloans

pr opor tiPonamvesian there is attained the realization of an ultra low cost Light source that can operate

in wide temperature ranges and requires very low power consumption.

To understand the significant difference in the output of the conventional laser diode
in accordance with out invention, as depicted in the embodiment of Figure 1, and without
20 our invention, reference should first be made to Figure 2 which depicts 2 typical spectrum
generated by such a conventional diode light source, but without the dither signal drive of
our invention.
The amount of photons emitted from 2 canventional laser diode light source depends
on the drive current injected into the laser diode light source. Beyond the lasing threshold,

light power emitted by the laser diode light source is almost linearly proportional to the
supplied drive cuurent until the light power reaches saturation.

25

Figure 2, plots the spectrum as a function of power (uW) and wavelength (um) for
a conventional laser diode with a standard drive current applied. It is noted that the
Specirum is obtained by four snap shots using a spech-mn analyzer. The spectrum variation
from one spap shot to the next can be easily observed. The amount of protons emitte.d from
a laser diode depends on the device current mjected into the laser diode, Beyond the lasing
threshold, light power emitted by the laser diode is almost linearly proportional to the

30
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f ber opti c2.@dpreae sigoilioppl sovees oherrorifumeusks Metcorvantionsllasee divde gkt ¥otrcef
t he spectrumshown.by Figure 2. MNeasurements 15 20 Wavel ength

Cent roi d(mi'C ’(’R’M%”f?ﬁg"m%ﬂ APnB08534 31. 308222 41. 308285 51.308578

61. 308144 Table 1. Mathematical measurements of the spectrum shown by Figure 2.

Measurements Wavelength Centroid (micron (10%)
1 1.308614
2 1.308534
3 1.308222
15 4 1.308285
S 1.308578
6 1.308144
Standard Deviation 2.02645x101°
20  Average _ 1.308396x10°
Estimated Wavelength Variation (ppm) 155

The esﬁma_i:d wavelength variation factor is the ratio of the standard deviation to the

average. The rahio is expressed in temas of parts per million (ppm) and it is an indication
25  of scale factor stability.

By varying the laser diode drive current, as with a dithering signal as depicted in the
embodiment of Figure 1, we have found that the stability of the laser diode spectrumn is
significantly improved. With reference to Figure 3, there is a chart Hustrating a spectrum
of conventional laser diode light source where dithering is performed according to the

30  present invention. Similarly to Figure 2, the chart of Figure 3 plots the spectrum as a
function of power (WW) and wavelength (um). Xt is noted that the spectrum of Figure 3, is
obtained by four snap shots using a spectrum analyzer.

It can be easily observed from Figure 3, that when varying the laser diode drive
current, i.¢., performing the dithering method of the present invention, the stability of the

35  laser diode spectrum and its linewidth are sigpificantly improved. The supplied varying
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of parts per mllion (ppm and it is an indication 25 of scale factor
stability. By varying the |laser diode drive current, as with a dithering
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conventional |aser diode |i1ght source where dithering is perforned
according to the 0upttesatitalimseireiRht ofSi 'tg?&[{ i 2, the chart of
Figure 3 pl oh&é@g{&;&h&&n&&a func?%ﬂko p%%@aﬁﬁﬁ%ﬁammtbﬁmmd
(um. It is t spentrah showghb F3%[ we S i | ur snap

a ?si y obss%r%%%a?% ofn%ll—'gl gm e 3, v

shot s usisng t nal yzer. It can be ea
t hat when va%@ggf ﬁ’fé'ré?ﬁ?*dﬁl@ﬂ@e&“ﬂ?@fﬂ%ﬂﬁpﬁmsho\mbyﬁigﬁ_ﬁe)gm ng the

di t heri ng nmethod #t& ent inven lexigth Gendivid (fiereh (i 35 | aser
di ode spectrumand its! linewidth are signifi cant{ggog Nprovea: e supplied
varying WD 01/73377 6 B PCT/ USf)./09492 21 S k 43,2004 drive signal is
referred to as a ditheging signal, in contrast 5?&9 ég instability evident

by Figune 2 when dithgring is not perfornmed. A % t:aatical nmeasurenent
of the standard deviation of the wavel ength centl398e (EEPower (1) *
2,(1)JIP of_the specttumshown by Figure 3 is il@3@&ted by Table U 5

Tabl e 11. hemat cal . hawa.-py FElgure 3.
I\/Easurerren'ltvgm%&épémhn Centroid micron 10"6 4%78183893 2 1.30885 3
1. 30891 Average 1.30889x10°

15 Estimated Wavelength Varation (ppm) 35.68

By comparing Tables I and II, it is observed that the estimated wavelength variation
tc.hown in Table II is 23% of that shown in Table 1. In other words, the scale factor stability
15 improved by at Jeast 4.4 times by applying the dithering method of the present invention

20 to the drive current of the laser diode.
The amplitude and frequency of the dithering signal affect the effectiveness of ti1e
dithering method with respect to varying light sources. Therefore, a dithering signal having
specific characteristics is advantageously provided to optimally stabilize and improve

Iinewidth of  laser diode spectrum of a particular light source.

25 We have observed that the wave-shape of the dithering signal does not affect the

effectiveness of the dithering method of the present invention, Accordingly, the wave-shape

of the dithering signal can be any shape, including pseudo random noise, white noise,
Square, sinusoidal, triangular, and combinations thereof.

The dithering method of the present invention can be implemented efficiently using

30 either analog or digital systems to generate the dithering signal. These systems can be used

to adjust several characteristics of the generated dithering signal such as amplitude,
frequency, phase and waveform. While one specific technique for generating the dither
signals for driving a lasc; diode is depicted in the specific illustrative embodiment of Figure
1, other dither signal drive systems, either analog or digital, can be employed, as discussed .

35  below with reference to the embodiments depicted in Figures 4 and 5,



10 4 1.3089

1. 30889x10

Tabl es | an
shown in Ta
scal e facto

4 5 1.30884 St/!d d 13" ar ev~ atron 4, @17x10' 11 Aver

d | t is observed that the estimted wavel engtRCTVES&84%N
ble Il is 23%of that shown in Table I. In other words, the
r stability is inproved by at least 4.4 times by applying the

dithering nethod of the present invention 20 to the drive current of the

| aser di ode
effecti vene

advant ageou
| aser di ode
t he wave-sh
of the dith
wave- shape

random noi s
conbi nati on
I mpl enent ed
generate th
characteris
frequency,

t he dither

. The Higuk¢ ¢ dldestmted afbl @dBaneg i i ignal affect the
ss_of tﬁh_ di t heri ns met hod ﬁ%%gﬁgégﬁ%‘h%@%ﬂ%&%m‘ﬁmg
sources. ' THEFRA! greordipgde thearesegt ivention thow fiber oﬁﬁ@f&s&@e@%@%ﬂ%éﬁ&ﬁ? i's

(0]

i mal |y stabili di !
e e Pt g 0 S es20hmgion graeratbs oy thsbhat

: i i ' | t affect the effecti
afiedOdighthetodirlaftey doﬂga%rgg%C) %ﬁ%,; Oe6 rﬁodggiglgfz ap'gfgt %eﬂ,ﬁ, g;el‘k\l/c? rsl?}g’s

ering met hod of "the pre ) _
s anlrnplifitrlon: SighaReRd BrodessBRIDSING s LU LAY P3udo

e, White noise, A square, sihusol dap? t'riang

e
é_l,%f};g?ymat ed vel ength Variation (ppm 35.68 By conpari ng?g SEP 70
o

LR signal 2pmeduived by thelgsendiodad The d¢ keelpfonsiRmhtbl MR HoiRBd g@\gerbe

] | sing 30 either analog or digital systens t
SR iR hedt

ering gnal . These systens can be used to adjust several
tics ofhd AcH8A VeRlSh A i signal . .s as_anp| it ude,
phase and vvavefgm V\ﬁ?jlogh%%é%ﬁ?é‘????@e‘#ﬁ?ﬁ%ﬁ@@?fﬁ@%rﬁ*ht&sng

squagnimnsbiial atd tibmgwla. (a6 emtdhsIaea st ﬁl%ﬂiufckﬁﬁ g!ér rat r%s@gc[%é iﬁLsioC

I 11 ust rzﬁi ve enbodi nent_ of Figure 1, other dither signa
ei ther anal &§0GR G §ignal having apwarsfpiopdith #sa dombimEes of the Sbdel AUl

ref ereucc
1 SEP 2004
anal og syst

15

20

25

3¢

DR P B0k SRS e\ kit Sapels gt o o
eeidorradsie haist AEdBr Fhith 86409

During operation of the analog system 300, the function generator 302 is tumed on
and a particular waveform or signal type, €., a signal having pseudo random and/or white
nojse, is selected using contro] knobs, buttons and/or switches. Accordingly, the function
generator 302 generates an analog function si gual having the selected waveform or signal
type. The analog function signal is transmitted to the adder 308,

During operation, the DAC 304 is also tumed on for converting the dc level signal
received from the DSP 312 to an analog signal. The analog signal is transmitted to the Jaser
diode drive circuit 306 causing the faser diode drive circuit 306 to generate a current drive

signal. The function of the laser diode drive circuit 306 js to convert the input voltage level
to the current level as required by the laser diode. Also, impedance matching and
araplification circuitry can be included in the laser diode drjve circuit 306. The current drive
signal is transmitted to the adder 308,

Hence, the adder 308 adds the analog function signal, i.e., the signal generated by
the function generator 302, and the cumrent drive signal, i.e., the signa] generated by the laser
diode drive circuit 306, to provide an analog dithering signal. The analog dithering signal
is transmitted to the amplifier 310 which amplifies the analog drive signal mcluding the
variations caused by the dithering signal, before transmitting the dithered analog drive signal
to the laser diode light source of the fiber optic gyro.

2



signal according to the Fesent I nvention for a fi b’optic gyroscope. The
anal og syst¥@11&33Hesi gnat ed general ly by reference nuneral ];’,P,P ,
i'ncludes a function generator 302, a |laser § diode digital-to- an/ggéo]] po492
converter (DAC) 304, a laser diode drive circuit 306, an adder 308, 9 TaskP 2004
an anplifier 310. A digital signal processor (DSP) 312 is also included to

generate a dc | eqek 48 equi red t | aser diode. The dc | evel
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noi se. Dygri ngnphesiafl .anal og . system 300, the function generator .
302 i s turned on lg{r?gqgatgéer |§?ﬁ%°nﬁ%%%§§%beﬁﬁ°§wmmﬂ/w§h aseipf inangtignal

havi ng pseudo antmetdivabiyddias N5 | | $ sel ected using control
knobs, buttons and/or fsiwijtches. %%%%%%S?%g&&ﬁ%?ﬁgﬁ%%ﬁﬁﬁwﬂsm.

generates an anal Bt xgfrseticerto Sigmnas, thereiinghdwiea SBLERL Qfd%@ or . si %nal
type. The arg:lo .fu&?ﬁi&g.signal is transmtted to the adder L SYstE ol
operation, t e&%&?ﬁ T3¢ $n3 derisg aovording teafurthet illgrdtiie efttbddanal ofhgnal
recei ved frqRdie,0SH : anal o i.gnal, The_anal og signal is

transm 5 qt) edqjt?% t hepiég‘é%r'l %%@Qﬁ?@% g\ﬁés‘gﬁx’r‘%ﬁm@@ﬁ by aefetenge tireerabd ) and

di ode di®ve indlndesiadighd sloRalyRB&s @ fdyive signal. The fjinction of
the | aser diode drive circuit 356 ?]s)s%agﬂ%ﬁ\%ﬁ;ﬁltoﬁ%'afoﬁ%ﬂflvm?ﬁﬁ@)l”@@éﬂd to
the current PSRRLEALE4PGquired by the | aser diode. Al so, inpedance matching

and anplificati circuitr n _pbe included in the | aser diode drive
circuit 306. Theﬁﬁﬂ%wgﬁgﬁeé%%ﬁym 400athe SR 4402 is tirtdteorpaider pad@hiar 25

Hence, the sggef ction signal, i.e,, the si‘gnal

gener at ed by tﬁéﬁ 19 ﬁﬁécllté ﬁg%ggageﬁ%@%%g %‘,’I %Mﬁgl%ﬁﬁw rargly Bhe wgweform

i e., the skgnbb sglecteddtom alsrond whicksiabluded M%a.sg _rsl[;lﬁﬁ'e 94&1&%}&6[173%%@% and
| a '

provid n anal og.dithering signal. The anal og ering s
transnitt ed°?‘BL’PgrB°%%1‘gF$P# ehccgrdinglyuthe DSRHBRigkherates H aigaimohuat G 4iMe sLeRg!

i ncluding thg |38l caused by the dithering signal, before -
Rk

transmtting the ed analog drive signal 30 to the |aser diode |ight

source of the fi Réd@&ﬁmﬂﬂd&ﬁgﬂﬁwmggyﬂﬁgwﬁvﬁc ggonvmthedigital
function signal to an analog dithering signal. The analog dithering signal is then amplified
by the amplifier 406 before it is transmitted to the laser diode light source.

20 . The DSP 402 of the digital system 400 can be programmed with a set of Instructions
to automatically control the characteristics of the generated digital function signal, That is,
the amplitude, frequency and/or phase of the generated digital function signal can be
automatically adjusted, which in turn causes the adjustment of the amplitude, frequency
and/or phatse of the dithering signal to provide minimum coherence length of the laser diode

25

light source. It is contemplated that the DSP 402 can also be mamyally controlled via a
control pane} for adjusting the characteristics of the gencrated digital function signal.
Preferably, the analog system 300 of Figure 4 and the digital system 400 of Figure

5 provide 2 dithered drive signal having an amplitude of approximately four volts and a
frequency of approximately 40 kHz.

30 Accordingly, our invention provides a system and method for improving spectrum

hnewidth and stability while using the lasing region of a conventional laser diode light




2 ? SEP 2 npl i tud-, frequency and/or phase of@he anal og function
B8 olitfrA

si gnal - can ted during operation of the system 300 ustTgss@aisol
nobs, buttons and/or switches on the function generator 302 to adj ust 2 1 &P 2004
anplitude, frequency and/or phase of the generated dithering signal to

provi de ni ni fUHES oher moce speeifitally ol RSE indll i ght source. It is 5
contenpl ated that .the function ge(r%)férat or 302 ngjrﬁ&%g %?%}PM&OWP?]“&HS&

of instructi BHEYenteRa laserfipfeanifsyightiouste. 0w ivankivd QRLIR or
phase of the Wa,gl -fd'érili%f\. on Si‘&;ﬂ" Wth refer encsgg?rg%irdgur e%xs%}g#r‘%q S
shown a bl ock |’al5g)rrga 6 the‘?ﬁ a1 108 yares thedr vemeneatt af e Indve dibide light sdfrce.
signal for uggdihaeeRtikk idbustratiye enbodi nent of the
present iénvent i on@Tﬁ%ﬁ?ﬁ? mé@%%ﬁmeidlé{hm 85’#6}83{;@1@?@?1 the 5iabilisy of tce
nurmer al 400 pedtrubGigmiitandyswehhedotudd thei SRg R). 402,  a
digital -to- ana*agg congerter (DAC) 404, and acﬁ%ﬂn%ﬁ???%ra%leﬁﬁ?#%ﬁem=
operation of fRESARGREAransdps: aeise Gayare heaBSEnd SRubesidAlukang a?é‘bﬁt;ﬂdug,%ﬁﬂ and
“a

parti cul ar Hﬁ&%ﬂr | S;sel ect ei ther automatically or manually via
control panél. eﬁ%%/”i’}%ﬂﬁ“%%’gﬂﬂﬁméaammaemmmemm belagies at
| east squar ehe Sir\es ehddit i om@ndy. 15 _conbi nations thereof.
Accordingly, the DSP 402 ‘Sgﬁne?g?jéléaél gﬁ'IE‘%ISP?%WE{‘ ﬂlﬂ‘? Hrand Fability oft the

sel ect ed waerventionZhlaseti djodesl m&é%s%gﬁ%' bt Sepd m tted, to the DA
404 whi ?& convey. the digital gfht{t;mct i on signa %l%ﬁgﬂfogg‘%lsgg&?ﬁ%ﬁg?q‘f?ﬁmnﬁ

si gnal . ‘The %MEﬂhem@wdgmmehghtsmmﬁmma@gﬁcé%srcgﬁaarrmifier 406
before it is trarw@%gl%% to the |aser diode |ight source. 20 The DSP 402 of
the digital system ﬁ%@ﬁ%@m@%s in detaibmith meferenet th dnsspedific
aut omat i cal leynbedithé@l, thieare eriistics0f. the_generated djgital function
signal. That is, the aér}gl i [Eét]orlgei?ﬁr%q eaﬁ]ﬁgaé]r?&?'o Bsméfs‘ét%ged?édljéﬁ@ﬁpw

di gi t al funéhatmanyi\@naﬁommbemaambpmtdngaldnwd%H%&%ﬂ}hﬂ%%@' Y,

nd/or p

t
causes the ﬁﬂj usg mgnt of. the |itude, frequency a hade 0 SPwéOf
di t hering srgmar-oIprBuPRes 45 Yrikegaimsnce | ength of the laser di ode 25

| ight source. It is contenplated that the DSP 402 can al so be manual |y
controlled via a control panel for adjusting the characteristics of the
generated digital function signal. Preferably, the anal og system 300 of
Figure 4 and the digital system 400 of Figure 5 provide a dithered drive
signal having an anplitude of approximtely four volts and a frequency of
approxi mately 40 kHz.




30 Accordingly, our inveM on provides a system and @t hod for inproving
spectrum | 38t’h  and stability while using the Tasing rp@t@g@tﬁ
conventional |aser diode Iight WO 01/733%4 9 PCTIUSQJ/ 094922 *5504
source, and nore specifically provides for an inproved fiber optic 21 SEP 2004
gyroscope using a WEHATESICIORgUERARer diode as its light source. Qur

i nventive system and net hod, as described above, provide a dithering

signal for varying the drive current of the |aser diode |ight source.

Al t hough t he exact wave %hape of the dithering signal does not affect the
stability of the 'specﬁ h?ﬁ@bgrﬁyﬁscapﬁdoy:xpﬂam@ave found that sone commonly
used avail abl e si g@g.h patterns, such as pseudo random noi se, square wave,
and sinusoi dal wave, “are both useful and practical for enploynent with the
gyroscope. | n acceftheresic i.nyention, by varying the drive current
with a dither signal, m&%%gc?yﬁhr%"ﬁﬁhem dth and stability of the

conventional | asetlasendied¢ whbte aopitdeamilig % gdaag,bg,aght,{ﬁy | mproved, so that
s R P thd

t he conventi onal 0 l.aser di ode can be enpl oye source for a

1
fiber optic gyrosTBPeErowim fer sadlaswabiclie coinprsing and ihed. i
d:at ail \I?\nlth f?@lfv : ‘ﬁe"et -1he_ s e:ip?j Cl enbodi rr%nts, tﬁgﬁgﬁgﬁlﬁéﬁgg%ry
appl i cati ons. Tﬁés,g |&'t d|?-‘s"r‘;:t Snﬁlgttelsélélr pser dinglesetthd daidt laser dlinﬂa:ﬁmwilajaﬁ k@BR

can be nade voidebamdosiRicakdibdLeh & t.within the scope and spirit of
t he present invention as %Iﬂefi ne%dgg%%égﬁpﬂm. WO 01/ 73377 PCT/ USQOL/ 09492

)MAT IS CLAIMED IS, 10 21 SEP 2004 1. A fiber optic gyroscope conprising a
coil, a fiber optjc input for the coil, a |laser diode whose output is

applied to said fiber ket ontigtgyresadpedin aceonianes ivith IR | Sibief; Qaigrd;ﬂJGOde
e drive

conpri sing @ﬁ@ﬂﬁ.yf | Vi a dithering sjgnal for varying t
current to said I a%%lr]ﬁg?%o%og%s (HrafOCL RSHORSHE tocaistiprasessor darsgencidting! e

dithering signal, and means for applying a dithered signal voltage to said laser diode.

3. The fiber optic gyroscope in accordance with claim 1 wherein said drive

circuitry includes an adder circuit having one input connected to 2 do voltage supply and a
second input connected to a function generator for generating the dithering signal

4, The fiber optic gyroscope in accordance with claim 1 wherein said drive
circwitry includes a digital signal processor for generating a digital function signal and a
digital to analog converter for converting said digital function signal to analog dithering
signal.

> A method for improving the stability and linewidth of 2 Jaser diode's

spectrum, said method comprising the step of applying a dithering signal for varying the
drive current of the laser diode,

6. The method of claim 3, further comprising the step of adjusting at least one

characteristic of the dithering signal,

7. The method of claim 6, wherein the at least one characteristic is selected

from the group consisting of amplitude, frequency and phase.



- -
wi deband opti&33®i gnal to said fiber optic input. 2. The fpoewsopisss
gyroscope in accordance with claim1 whergin said drive circuitry includes

‘a process or, neans responsive to said processor for generating the 21 SEP 2004

di thering signal ¢ and —g%?ﬂ%ggbfagﬂﬁgi @Her%n%égtgél% gﬁﬁéﬁ%wﬁ%@tﬁa-ﬁ] ELO sai d

| aser diode. 3. The fi optrc gyroStopé Tn

wherei n sai gefdritify ar€afialod ﬁwﬁbﬁlgbﬁggﬁl@n adder circuit having-one input
connected to a dc voltage supply and a second input connected to a
function gendédiagdhe dogbmetion sipnal twith aisitrhe receiyedi fepa b Jasédr dibhedfivdetadpt i C
gyroscope in accordance with claiml wherein said drive circuitry includes
a digital signal processor for generating a digital function signal and a
digital to analog converter for converting said digital function signal to
anal og dithering signal 5. A nethod for inproving the stability and

Unewi dth of a | ager dim@dens&hosd hifdign il BB PO ﬂa’ﬂ% . f
applying a dithering signal fo%aryi’r}?g&?ﬁg dr?&go currear:]t 0 iuﬂgnftfasgg?a?
di ode. 6. Tireseistadotiomfthe gaoup &ansisting b squaes)siriusdidgl, tigalae pandfcoathinttions o
at | east ong}%c aracteristic of the dithering signal. 7. the nmethod of
claim®6, wh the at |east one characteristic is selected fromthe
group consisting of anplitude, frequency and phase. WO [) 1/ 73377

PCTI USO01/ 49492 11 21 SEP 2004 8. The nethod of claimb5, wherein the step
of applying conpnoses ThedRARSSHE A wHRRiA h ARl AR %Féj al ,-nagﬂe '

t he anal og function signal with ag?iag’nal r]ggne% ved“from ;f ser |0ﬁ€&3?|9ve
circuit. 9. randemmndderdviite mdiss.m 8, wherein the waveform of the anal og
function signal is selected fromthe group consisting of square,

si nusoidal, triangular, and conbinations thereof. 10. The nethod of claim

5, wherein the apgl og i i gaﬁg i . sLandom.and/ or white
noi se. 11. The rrg hod %rﬁé%%?%oga ér*eﬁélgﬁéﬁ?%q%]%g ARG Conpr i ses:
generating a digital function signal; and
using a digital-to-analog converter for converting the digital function signal to the
dithering signal. '

12. The method of claim 11, wherein the waveform of the digital function signal -
is selected from the group consisting of square, sinusoidal, trjangular, and combinations
thereof.

13. A system for improving the stability and linewidth of a laser diode's
spectrum, said system comprising: '

means for generating a dithering signal;

means for adding the dithering signal to the drive signal for the laser diode, and

means for providing the combined dithering signal and drive signal to the laser diode
for varying the drive current of the laser diode.

14, The system of claim 13, further comprising means for adjusting at least one -
characteristic of the dithering signal.



generating_a digital fungi on signal; and using a dwtal -to-anal og
converter 1of "H&HVerti ng the digital function signal to thePaiiussenssg
signal. 12. The nethod of claim 11, whergpn the waveform of the digital 21 SEP 2004

function signal is selected fromthe group consisting of square,
si nusoi dal , trianfful ar Thasgstemdfichahi 1aD§hedeLiLe et 1 A for
| mproving t stability and linewidth of a |aser cg%tgo g' éé%g%gg?t‘% %rﬁeles%ﬁidd

syst em conprif SR SERconpsing e rmplitadey fraqutinthend pigassi gnal ; neans for
adding the dithering signal to the drive signal for the | aser diode, and
means for providing the conbined dithering signal and drive signal to the

| aser diode for maryi b Ve r . of t.he |aser diode. 14. The
system of claim 1%(?1 fmmﬁee%ﬁ%%ﬁ{)?llglg?%% Vﬁ%&ﬂg%ﬁo@ T8 Sieralgs ap apalag sigaple

characteristic of the dithering signal. WO 41/73377 12 V PCT/ USO /09492 2
1 SEP 2004 15. The systemof claim 14, wherein the at |east one
cl haaacteristic i¥-sel e stften phetaion k3, tegin desraesisifoggdrbraBip chinkHSes:

frequency an se...16. The system of ¢laim 13, wherein the dithering

signal is anaqﬁ%?%ﬁjﬁcgﬂ%g@ .r}ﬂﬁée%e}walﬁgmﬁp&simaEmdn the means
for generatiﬁgaméﬁﬁgﬁéd cl.ion generator for generating an
anal og function signal- and ar@%hﬁ@oégﬁfﬁ%?l HuisrH g e vdoomalasaron

signal wt hdiocbidﬁmlciroaﬁ&b\geﬁhrﬁé%&ﬂicﬁﬁgﬁi@m ode drive circuit to generate

the dithering signal. 18. The systemof claim 17, wherein the anal og

function generator provides a waveformfor the analog function signal from
triangular, and conbi nations

t he group consi st,ighg squar e, . si.nuspi dal ,, '

thereof. 19. The 18y st gﬁkeogs%f]%\ﬁﬁ i ] dhesrin tharnaigefinehion grperater [rovidas 2

i ncl udes psewdeformfas BHe Bt Sollf 539G the group consisting of square, sinusoidal,
triangular, and combinations thereof. l

19.  The system of claim 13, wherein the analog function signal includes psendo
random and/or white noise.

20. The system of claim 13, wherein the means for generating comprises:
a digital signal processor for generating a digital function signal; and
a digital-to-analog converter configured to convert the digital function signal to the dithering
signal.

21.  The system of claim 20, wherein the digijtal signal processor includes means
for selecting a waveform for the digital function signal from the group consisting of squaré,
sinusoidal, triangular, and combinations thereof,

22, The system of claim 13, further comprising means for amplifying the
generated dithering signal.

23. A method for applying light from 2 laser diode to a fiber optic gyro
comprising the step of applying a dithering signal to the drive circuit for the laser diode,



20. The systemof claim 13, wherein the neans for generating conprises: a
digital signal processor for generating a digital function signal; igﬁm%
digital -to-anal og converter configured to convert the digital functi 2004
signal to the dithering signal. 21. The system of claim 20, wherein the
digital signal processor includes neans for selecting a waveformfor the
digital function signal fromthe grouplonsisting of square, sinusoidal,
triangul ar, and conbi nations thereof, 22. The system of claim 13, further
conprising nmeans for anplifying the generated dithering signal. 23. A
method for appl 4.ng Airgéthod forimprdvirscthe th aelebidststbility a8 an@leirsndadt O
conprising the step of applying a dithering signal to the drive circuit for
the | aser Walkqf a fiber aptic gyyo4lriven by a lasergipde gaid grethomheamprising the steps piin bi as

stability : I f i hel ' Vi AV | aser

i ode, o4 FHURRERACHIE SR fosBlarfle it 13 BscbiucHB e B TP
a | aser dréontputcifitkeliaberfdiddetth ¢hd filseg optit g@re weitttbuafidleyticigoft Mgy owpbfufitheof t he

| aser diode to_the fjiber optic gyro without reflection of any output of the
| aser diod@ﬁﬁé@ﬁbﬂ@@kHéﬂ$é%¥Fd@8%de. 25. A fiber optic gyro system having
inproved in run bias stability and angle random wal k, said system
conprising a fiber optic gyro having a fiber coil and an integrated optics
chi p including 26. poAdiber eptic gyrbaggeemdiavitig improvad a1 ruslibdabsstabilityandi rcuit for
the | aser digde, .and neans for applying a dither signal to the | aser diode
drive ci rcifede rapdem vwallorsaid syslem OMMEING rect |y connected to the fiber optic

gyro through a £aAl GicYhtd Bt iber BlilaR8 uh Hethech BRiQHHRY IncRldidg e | aser
polarizer,
a laser diode,
a laser diode drive circuit for the laser diode, and
means for applying a dither signal to the laser diode drive circuit, the laser diode
being directly connected to the fiber optic gyro through a coupler without any

reflection of the ocutput of the laser diode back to the laser diode.



