OPTI CAL SIGNAL TRANSM SSI ON APPARATUS AND OPTI CAL SI GNAL
TRANSM SSI ON METHOD 1 BACKGROUND OF THEJfQVENTION 5 1.
Field of Iﬂvention ' The present invention relates to an opti cal
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particularly, to an optical si gARANSMIESSTONS METHOD

BACKGROUND OF THE INVENTION
5 1. Field of Invention
The present invention relates to an optical signal

transmission apparatus, an optical signal propagation
apparatus, and an optical signal transmission method, and
more particularly, to an optical signal transmission

10 apparatus, an optical signal propagation apparatus, and an
optical signal transmission method that convert multiple
electrical signals into optical signals, and batch-transmit

these optical signals via optical fibers.

15 2. Description of Related Art
An example of a conventional optical signal transmission
apparatus will be explained with reference to Fig. 1. In Fig.
1, reference numeral 1 refers to a transmission side LSI
composed of a CMOS, Bi-CMOS, bipolar, GaAs or the like which
20 is a logic circuit for processing multiple electric signals
separately. Reference numeral 11 refers to a laser driver
for amplifying an output electric signal of the transmission
side LSI 1. Reference numeral 12 refers to a laser diode or
a laser diode array, which generates an optical signal that
25 corresponds to this output electric signal driven by the
output electric signal that has been amplified by the laser
driver 11. Reference numeral 13 refers to an optical
connector. Reference numeral 3 refers to an optical fiber or
optical fiber tape. The laser diode 12 is optically coupled
30 with the optical fiber 3 via the optical connector 13. The
optical signal generated by the laser diode 12 is transmitted
to outside via the optical fiber 3.
Reference numeral 2 refers to a receiver side LSIT

composed of a CMOS, a Bi-CMOS, bipolar, GaAs or the like
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10 apparatus, an optical signal propagation apparatus, and an opti cal
signal transm ssion nmethod that convert2multiple electrical signals into
optical signals, and batch-transmt t hese optical signals via optical
fibers. 15 2. .Description of Related Art ) An .examl.e of .

convent i oWaf-COptfc A IQBdﬁaFlFFH%m%QQ processing, il tdbByS Iell?é:%&%% ai ned

with r?fekgﬁﬁﬁlgosegﬁra%elyhn He®e, reférehebenhiesanuner aefbreftey 1 to a
transm ssi on side LSl Conposed of a CMOS, Bi -CMOS, bipolar, GaAs or the
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separately. _Reference _nuneral 11 refers t I Y f .
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Ref er epce 2nuner aptlizanafecoupled Watdr tticodptdical fiberaSernidi ade array,
whi ch generates _an optical signal that 25 caorresponds. to this output
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optical outside via the optical fiber 3, into an electric current

that corresponds to the original electric signal. The output

10 electric current signal of the photo-diode 22 is supplied to
a current-voltage conversion circuit 21, which converts the
output electfic current signal of the photo-diode 22 into a
voltage signal. Reference numeral 24 refers to a comparator.
The voltage signal output from the current-voltage conversion

15 circuit 21 is applied to one input terminal of the comparator
24. A reference voltage V.. is applied to the other input
terminal of the comparator 24.

As has been explained above, when a signal is

transmitted from the transmission side LSI 1 to the receiver

20 side LSI 2 via the optical fiber, the output electric signal
of the transmission side LSI1 is input to the laser driver 11.
The laser diode 12 is then driven in response to the output
signal of the transmission side LSI1. The photo diode 22
receives via the receiver side optical connector 23 the

25 optical signal that has been transmitted via the optical
connector 13 and optical fiber 3. The photo diode 22 then
generates an electric current signal pulse. The current-
voltage conversion circuit 21 converts the electric current
signal pulse, which has been generated by the photo-diode 22,

30 into a voltage signal. The comparator then 24 compares the
voltage signal with the reference voltage V... The voltage

signal is then input as a logic signal to the receiver side
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connector. Reference nuneral 3 refers to an optical fiber or opti cal
fiber tape. The laser diode 12 is opticaPBly coupled 30 with the optical
fiber 3 via the optical connector 13. The optical signal generated by
the | aser diode_12 is

Ref er ence nunergFr?'rE#é?gig%%ggﬂﬁggp5%%"§%gzbggp%%%rlh%ﬁ%p%%%S%ngggkfg; a
Bi - CMOS, bicpgl akse®283cae the ikl kBsceptible changes in temperature.
Specifically, the emission power intensity of the laser diode
12 changes as the surrounding temperature of the laser diode

5 12 and the amount of self-generated heat change. The change
in the emission power intensity causes the timing accuracy of
the transmission signal to deteriorate. The change in the
power source voltage of the laser diode 12 also causes the
timing accuracy to deteriorate.

10

SUMMARY OF THE INVENTION
Given these problems, it is an object of the present
invention to provide an optical signal transmission apparatus
and an optical signal transmission method capable of solving

15 the above-stated problems. The object of the present
invention can be achieved by a combination of characteristics
described in the independent claims of the present invention.
The dependent claims of the present invention determine
further advantageous embodiments of the present invention.

20 This invention provides a parallel optical signal
transmission apparatus which has a laser diode and a photo
diode, that suppresses timing jitter and drift generated by a
power source noise, a drift, and changes in temperature,
thereby solving the above-described problem.

25 According to the first aspect of the present invention,
an optical signal transmission apparatus having a laser
driver for amplifying an electric signal to be transmitted
and an optical signal laser diode for outputting an optical
signal based on the electric signal is provided. This

30 optical signal transmission apparatus has a reference current
source which outputs as a reference current a prescribed
proportion of the maximum current value of the electric
gignal, and a reference laser diode which generates a

standard reference light, driven by the reference current.
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which is a logic circuit for processing nultiple electric signal s
separately. Here, reference nuneral 22 refers to a phot o- di ode or a
phot o di ode array. Reference nuneral 23 refers to a receiver side

optical connector. The photo diode 5 22 |s opt C coupl ed Wlt he
optical fiber é\cﬂofd(% to s SacshfeR %ﬁ ?Hﬂﬁf{)

phot el eCliy e 5 o0 t%rfb%ﬂéé%.'orﬁ'ﬁiﬁraﬁ% ol r&%md rla;nsmé ted
ca

from out si e Vi a t optl fiber 3, into an electric current t hat
corr esponcfar(sn: tespenrti gifndiheelperstsans: sinyreait i crhel Hmyani ded Vehleth rhas a

current 5| O.f th ot a- di ode, 22 is R t age
conversi o ?% R{brﬁ c%\%rr]t sezishw AH qlétﬁq'l el e% ri c cur ent signal
of the5phqt}ﬁ; (glmxa?c idiighals irV@Pdrgd el gnal Reference nuneral 24 refers
to a conparator. The vol t age signal out put fromthe current-vol t age

conversion 15 Aqqaudingtq thedihigs @arRarE i9fthe STRFRIT oFRYeRE 10T,
conpar at o Atal 4 gﬁf%ﬁ&ﬁfﬁ%nv[a?ﬁﬁéréé@% | gk dpinde Of hese i nput

termnal o e conpar has been expl ai ned above, when a
signal is flrsti ranseddnedl dsment hef tolen gressnn iventsn 1is prowidedei ver

such that the laser diode and the reference laser diode are
10 structured as a laser diode array.

According to the fourth aspect of the present invention,
an optical signal transmission apparatus as described in any
of the first through third aspects of the present invention
is provided such that the reference current source outputs as

15 the reference current approximately 1/2 the maximum current
value of the electric signal.

According to the fifth aspect of the present invention,
an optical signal transmission apparatus as described in any
of the first through fourth aspects of the present invention

20 is provided such that the reference laser diode constantly
outputs the standard reference light.

According to the sixth aspect of the present invention,
an optical signal propagation apparatus is provided. This
optical signal propagation apparatus has

25 a transmission unit which converts an electric signal into an
optical signal and transmits the optical signal, having
a laser driver for amplifying the electric signal, an optical
signal laser diode which outputs the optical signal based on
the electric signal which the laser driver has amplified, a

30 reference current source which outputs as a transmission side
reference current a prescribed proportion of the maximum
current value of the electric signal, and a reference laser
diode which outputs a standard reference light based on the

transmission side reference current. This optical signal
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20 side LSI 2 via the optical fiber, the output electric signal of the

transm ssion side LSI1 is input to the laser driver 11. The | aser di ode
12 is then driven in response to the output signal of the transm ssion
side LSI1. The photo diode | ves VI fhe r ' i de opti cal
connect or BEPRIFATEON SRRIL] %%gargacfot f HasCh eecna riglfllgén%/te’i e%l via the

optical pr&uMeciey die aspt il calgddberard dheegdidiingliwtit 2énidien
generates an electric current S|gnal pul se. The current-
conver si orregdeige the @pivisak 3iEnal dgtat cig prepagated s*"rla‘f%lr‘glbu‘?ﬁ% whi ch

has been qenel & Ldfied Ne MOLO AU AL 2n 0 pdd1L Rlddgi ghandPhordhe

conpar at or conpar es tage signal wth the reference
vol t age V[cHdide witicly até @gieves tlse grpticasl témgnahpurhibsh shasgbeeni gnal to
the recelvégagééfited éﬁ%o&éh the optical fiber, and converts the
received optical signal into a corresponding current signal,
a reference current photo diode which receives the standard
reference light, which has been transmitted through the
10 optical fiber, and converts the standard reference light into
a corresponding receiver side reference current, a current-
voltage conversion circuit which converts the current signal
and the receiver side reference current into a voltage signal
and a reference voltage, respectively, and a comparator which
15 compares the voltage signal with the reference voltage.

According to the seventh aspect of the present invention,
an optical signal propagation apparatus as described in the
sixth aspect of the present invention is provided such that
the transmission unit has a plurality of the laser drivers

20 which output a plurality of the electric signals in parallel.

According to the eighth aspect of the present invention,
an optical signal propagation apparatus as described in the
seventh aspect of the present invention is provided suéh that
the receiving unit has a plurality of the comparators which

25 compare a plurality of the voltage signals with the reference
voltage in parallel.

According to the ninth aspect of the present invention,
an optical signal propagation apparatus as described in any
of the sixth through eighth aspects of the present invention

30 is provided such that the optical signal laser diode and
reference laser diode are structured as a laser diode array.

According to the tenth aspect of the present invention,
an optical signal propagation apparatus as described in any

of the sixth through ninth aspects of the present invention
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3 Here, the drive current-em ssion power characteristic of t he
| aser diode 12 is susceptible changes inétenperature. Specifically, the
em ssion power intensity of the | aser diode 12 changes as the

surroundi ng tenper.ature o e. laser diode 5 12 and
sel f - gener eggﬁgégegthﬁblE$ﬁ& %ﬁgnﬁgferepﬁetﬁgrgﬁp S0 ﬁﬁg%Vé¥‘I’ &ndity
causes thethiemMcRgnaaEwsdon @ide relferehaesdusvent Appiaxinttddieni/or ate

The change in the power source voltage of the | aser diode 12 al so causes
t he ti mmaguawmcsz@yrem yedae @fathe gdectric signal. SUMVARY OF
THE 1 NVENTI ON é)rdlg Ve i %S%lF%?r%lQJt%”%’s et SRRt the present

i nvention to prOV| an OptIC signal transSm ssi on appadr at us and an

opti cal 5si gmaleritriams mMass iopt imeilhed gradaprepaigatdlon pparatus as
described in any of the sixth through tenth aspects of the
present invention is provided such that the reference laser
diode constantly outputs the standard reference light.

According to the twelfth aspect of the present invention,

10 an optical signal propagation apparatus as described in any
of the sixth through eleventh aspects of the present
invention is provided such that the transmission unit further
has a transmission side LSI which outputs the electric signal,
and the laser driver and the reference current source are

15 embedded in the transmission side LSI.

According to the thirteenth aspect of the present
invention, an optical signal propagation apparatus as
described in any of the sixth through twelfth aspects of the
present invention is provided such that the receiving unit

20 further has a receiving side LSI which converts a comparison
result of the comparator into a corresponding original
electric signql.

According to the fourteerith aspect of the present
invention, an optical signal propagation apparatus as

25 described in the thirteenth aspect of the present invention
is provided such that the current-voltage conversion circuit
and the comparator are embedded in the receiving side LSI.

According to the fifteenth aspect of the present
invention, an optical signal propagation apparatus as

30 described in any of the sixth through fourteenth aspects of
the present invention is provided such that the transmission
unit further has an emission power compensation circuit
including a compensation photo diode which receives a portion

of an output light of the reference laser diode, converts the
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15 the above-stated problens. The object of the present I nventi on can

be achi eved by a conbination of characteristics described in the
i ndependent cl ainms of the present invention. The dependent cl ai ns of
t he present invention determ ne further advantageous enbodi,nents of the

present i nVeREFBAS OBLPHESLIADENLPER Br 6OFUESPINFARH FEMPEREREAP I gnal
transm ssi g,-2pRA" abyg $ﬂtggt§rl Ené EéﬁgénghﬁggnaﬁﬁréeHEOtOThlsdeQQcahhat

suppresses timng jrtter t generat ed power source noise, a
drift, andscgaagepropagenpenaapparatuSthésebyagoavCQ@DEh@aéb@@eC@ég@mﬁbed

problem cordin the fi rs .asp h r i i on,
B opt1 cal VORGATP EPARERPLeP o SRBAF al i eRac Ry SAtPackl SORgEnsRr Pl
anpl i f y§ ngcaprehe¢t héchi ghal cbmpeﬁsataaanbhbed diodedhas epttipeal, Singeal
| aser diode for outputting an optical gnal based on the electric

signal is preemReasatppPs XeléﬁﬂﬁcapdspﬁﬁﬁPtﬁr&H@nF@@P@ﬁséﬁﬂgpaW tRIE -a
reference gyrggaL cas OuEﬁg @ﬂ%%%éQ#LEBhéraéo %ﬁ%ﬁ%@%&?cﬁ%ﬁ%ﬁ@tf%eds

prescri bed propor on"0 n1curren val ue of the electric
signal, andha cempeasaelbasvoldagée whiich gbeecetmpensgation current-
voltage conversion circuit has output, back to the laser

10 drive and the reference current source.

According to the sixteenth aspect of the present
invention, an optical signal transmission apparatus is
provided. This optical signal transmission apparatus has a
laser driver for amplifying an electric signal to be

15 transmitted, a reference current source which outputs as a
reference current a prescribed proportion of the maximum
current value of the electric signal, a laser diode which
outputs an optical signal and a standard reference light
based on the electric signal and the reference current,

20 respectively, and a transmission side switch which causes the
laser diode to connect selectively to the laser driver or the
reference current source.

According to the seventeenth aspect of the present
invention, an optical signal transmission apparatus as

25 described in the sixteen aspect of the present invention is
provided, which has a plurality of the laser drivers which
output a plurality of the electric signals in parallel.

According to the eighteenth aspect of the present
invention, an optical signal propagation apparatus is

30 provided. This optical signal propagation apparatus has a
transmission unit which converts an electric signal into an
optical signal and transmits the optical signal, having a
laser driver for amplifying the electric signal, a reference

current source which outputs as a transmission side reference
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standard reference light, driven by the reference current.

According to the second aspect of the pr&sent invention, an opti cal

Signal transm ssion apparatus as described in the I fir?t ﬁSpFCt of the
resent inventiaqn is provided,which has a lurality of the |ase

G vers WIS e e raron ion of coft Mt ety F ue

Accor di ng ¢B the dledttras petdndl, tel fes ediodd it ¢ output &nclegt i cal

signal transm ssion apparatus_as described in the first or second

aspect of YMeiFrlestiandhanedrn sthe Riqrlgric signal, which the laser

driver has amplified, and a standard reference light based on

5 the transmission side reference current, and a transmission
side switch which causes the laser diode to connect
selectively to the laser driver or the reference current
source, an optical fiber for propagating the optical signal.
This optical signal propagation apparatus also has a

10 receiving unit which receives the optical signal that is
propagated through the optical fiber, having a photo diode
which receives the optical signal, which has been transmitted
through the optical fiber, converts the received optical
signal into a corresponding current signal, receives the

15 standard reference light, and converts the standard reference
light into a corresponding receiver side reference current, a
current-voltage conversion circuit which converts the current
signal and the receiver side reference current into a voltage
signal and a reference voltage, respectively, and a

20 comparator which compares the voltage signal with the
reference voltage.

According to the nineteenth aspect of the present
invention, an optical signal propagation apparatus as
described in the eighteenth aspect of the present invention

25 1is provided such that the transmission unit has a plurality
of the laser drivers which output a plurality of the electric
signals in parallel.

According to the twentieth aspect of the present
invention, an optical signal propagation apparatus as

30 described in the nineteenth aspect of the present invention
is provided such that the receiving unit has a plurality of
the comparators which compare a plurality of the voltage
signals with the reference voltage in parallel.
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such that the | aser diode and the reference | aser diode are 10 structured
as a | aser diode array. Accordi g to the fourth aspect of the
present invention, an optical signal transnm ssion apparatus as
described in an of the first throu%B third as echs of the present
invention - iB8CEPEGBTdtouERS: RYENERETPeREPEREECLUFPENPTESEPEe out puts as

15 the ref ¢hoaae;eu! " anl opRREAN! BELARY LidphBaraBKi BUERoUtuENas — val ue of
the electric signal. According to the fifth aspect of the present
i nvent i on, descrabedptincanysicfnghet eagbhiesotbnthppusht tyeasigEdcaspegten any

of the fir ro fourt. s .qf . ALas [ ti i vi ded
such that ?ﬁekggf§?§38§%|§§g§%§§§591§03§?§ﬁ?F§ gﬂ%hog %&tggghéggfgn g d
referense unght further hakceotdifegenect relsagehocaspatt cifrculiec phdshnt

i nventi on, an optical signal propa ationtgpparatus IS provided. This

optical si @RRE1EEobREaTCESTERSS: YOGEAHES tO5 LRS: CRRRRTFESOSN unit whi ch
converts an e'eﬁﬁeb&dﬁhgn%b R0 29 4Rl G ﬁﬂéﬂﬁﬂeéaﬂttﬂﬁvéﬁﬂﬂéhﬂhe
opti cal signal, having a laser driver for anplifying the electric
signal , anaopbptdkal signal propagation apparatus as described in the
21°° aspect of the present invention is provided such that

10 the receiving unit further has a receiver side switch which
causes the reference voltage to be input to the reference
voltage output circuit when the current-voltage conversion
circuit outputs the reference voltage.

According to the 23" agpect of the present invention,

15 an optical signal propagation apparatus as described in the
eighteenth aspect of the present invention is provided such
that the transmission side switch is switched periodically to
the reference current source.

According to the 24" aspect of the present invention,

20 an optical signal propagation apparatus as described in the
23" aspect of the present invention is provided such that a
period with which the transmission side switch is switched to
the reference current source is determined so that the
fluctuation of the emission power intensity of the laser

25 diode will not increase by a large amount during the period.

According to the 25" aspect of the present invention, a
method for propagating an optical signal from a transmission
unit, which converts an electric signal into an optical
signal and transmits the optical signal, via an optical fiber

30 for propagating the optical signal, to a receiving unit for
receiving the optical signal that has been propagated through
the optical fiber is provided. This method has the steps of
outputting the electric signal from the transmission unit,

periodically outputting as a transmission side reference
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signal |aser diode which outputs the optical signal based on t he
electric signal which the |aser driver has anplified, a 30 reference

current source which outputs as a transm ssion side reference current a
Gl Gnal | A gt ot drrap i PrCB it iR A TS CHRERE re Bience
ls: SE;I basesk Ahd M8l ect AFANSHRI FHrcH Fhd Qﬂcxearrf‘éﬁﬁ%s‘il&rf Qi;ﬁlotp;?e}ﬁ i AR G
appar at us tdies @ptdsan almnac'laltd ither dpdrical ﬂarhmgmsadg Qmé:l'@telﬂttlsi@nal :
Spgp:g;'?g% i ;mr%q,' outputt:Lngr ea.CesltVa(?’lsdatr elrceaﬂce g tthoatth

S optical fiber based on the transmission side reference
current from the transmission unit, receiving the optical
signal propagated through the optical fiber and converting
the optical signal into a corresponding current signal, and
receiving the standard reference light propagated through the

10 optical fiber and converting the standard reference light
into a corresponding receiver side reference current in the
receiving unit, converting the current signal into a voltage
signal, and converting the receiver side reference current
into a reference voltage in the receiving unit, and comparing

15 the voltage signal with the reference voltage in the
receiving unit.

According to the 26" aspect of the present invention, a
method for propagating an optical signal as described in the
25 aspect of the present invention is provided such that a

20 plurality of the electric signals are output in parallel in
the step of outputting the electric signal.

According to the 27*" aspect of the present invention, a
method for propagating an optical signal from a transmission
unit, which converts an electric signal into an optical

25 signal and transmits the optical signal, via an optical fiber
for propagating the optical signal, to a receiving unit for
receiving the optical signal that has been propagated through
the optical fiber is provided. This method has the steps of
outputting the electric signal from the transmission unit,

30 periodically outputting a positive current having a value
that is larger than a prescribed proportion of a maximum
current value of the electric signal and a negative current
having a value that is smaller than the prescribed proportion

of the maximum current value of the electric signal from the
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optical fiber. The receiving unit has a current signal photo 5 di ode which
receives the optical signal, which has béen transmtted through the
optical fiber, and converts the received optical signal into a

correspondi ng current signal, a reference current. phot o_di whi ch
recei ves tHEREMHRAEHQN UMt o fQUtRItE 108G Rhe vﬁﬁ%cﬁss%g%%tt%cgng?ngt ted

through t *}?péiqza{iptf'f%r fihela Gt rOWRidsrides siramarsutpiet engeal i ght
i nto a correspondi ng recei ver side reference current, a current-
vol tage comertsivm wsfersncanl ight drvethe opfel ek rkHees Bpged o BRf the

recei ver side reference curre ' VOl t | ence
vol t age, RRGEAYS TV T HRY aarg%rr%lggréf%?l%i%ﬁl??%é%i;@n%ﬁ%fse?ﬁgc%o}tﬁ%gg
si gnal swi to tiiee r@btel e ef Miodt agesed on the degativegcuvrehe frowntheaspect

of the present invention, . an optical. signal opagat | op. a r at a
descri bed ¢¥ﬁm$mﬂss}o%i9§htasﬁ%%?lYﬁnghEh%r%é%h?gingkg??%ngpgggﬁ8§igéan:uch

t hat t Sl i @iPAuralhdy fhatBsntaseingrtuers 20
whi ch out oéééﬁ%§%]?#égﬁéﬁnégégégctr+c signals in paralle?g
Accor di ng éptidel esidmal aspecta oforhespording cwyeent ofignal, aneepiviag

si gnal prOgggaéégftﬁgga£g£g§e§gedffgﬂ%bgga{nhégebeen propagated through

10 the optical fiber and converting the positive reference light
into a corresponding positive current, and receiving the
negative reference light that has been propagated through the
optical fiber and converting the negative reference light
into a corresponding negative current in the receiving unit,

15 converting the current signal, which corresponds to the
optical signal, into a voltage signal in the receiving unit,
generating a reference voltage based on the positive current
and the negative current in the receiving unit, and comparing
the voltage signal with the reference voltage in the

20 receiving unit.

According to the 28" aspect of the present invention, a
method for propagating an optical signal as described in the
27" aspect of the present invention is provided such that a
plurality of the electric signals are output in parallel in

25 the step of outputting the electric signal.

According to the 29" aspect of the present invention,
an optical signal propagation apparatus is provided. This
optical signal propagation apparatus has a transmission unit
which converts an electric signal into an optical signal and

30 transmits the optical signal, having a laser driver for
amplifying the electric signal, a binary signal source which
outputs a binary output having a prescribed duty ratio to the
laser driver, and a laser diode which outputs the optical

signal based on the electric signal and a binary reference
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sevent h aspect of the present invention is provided such that t he
receiving unit has a plurality of the cdgparators which 25 conpare a

plurality of the voltage signals with the reference voltage in parall el
According to the ninth aspect  of the present inyention .an_optical
si gnal probh%%fi%ﬁséﬁp%Fagﬁg B%nﬂégc?gﬁﬁﬂtin ﬁ&s °ptb¢a}h§1§P§?h t hr ough

eighth asperbsagheibh ppEaEBLubMHAS! kRNog0: kel PEovbdedosupboblgh il
optical signal Taser diode and reference | aser diode are structured as
a | aser ditde eptagal signal.Acthidi epticaiheigeal hpuspagataent he present

VR o0 enoe 2R 08 iPHRRECRL B SBRORHAD, TR hysy efestiibereln any
REPLACEVENdpSHEET signal that is propagated through the optical fiber,
having a photo diode which receives the optical signal, which
has been transmitted through the optical fiber, converts the
optical signal into a corresponding current signal, receives
the binary reference light and converts the binary reference
10 light into a corresponding binary reference current, a
current-voltage conversion circuit which converts the current
signal and the binary reference current into a voltage signal
and a binary reference voltage, respectively, a smoothing
circuit which outputs a reference voltage based on the binary
15 reference voltage and the duty ratio, respectively, and a
comparator which compares the voltage signal with the
reference voltage.
According to the 30 aspect of the present invention, a
method for propagating an optical signal as described in the
20 29*® aspect of the present invention is provided such that
the transmission unit has a plurality of the laser drivers
which output a plurality of the electric signals in parallel.
According to the 31°° aspect of the present invention, a
method for propagating an optical signal as described in the
25 30" aspect of the present invention is provided such that
the receiving unit has a plurality of the comparators which
compare a plurality of the electric signals with the
reference voltage in parallel.
According to the 32™ aspect of the present invention, a
30 method for propagating an optical signal as described in any
of 29 through the 31*" aspect of the present invention is
provided such that the binary signal source is a clock signal

source.
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6 is provided such that the reference current source outputs as the
transm ssion side reference current approk#mately 1/2 the maxi mum
current val ue of the eIectric si gnal . According to the el eventh

aspect of the present D%ﬁ @%,ﬁ%* gation apparat us
as described in any of B‘Rte Si X roug (bt%ler?sﬂlh aspects of the pr esent
I nvention is provided such that the reference |aser di ode constantly

out puts the standard re rence |ight. Acc d|n to the twelfth
aspect of the prés&t } %(itCQHY%QFRﬂﬂﬁ &xag Fgﬁa ofhropRFalilGt appar at us

as descri begdti AW sigridfi PIprigHtt d -yt ghgyvent h aspects of the present
i nvention is provided such that the transm ssion unit further has a

transm s§i on si dé&igss| mrmrwmmmm ol igmali Propeaation apphndiald aser

driver and the Le{iSIPnee (Y 'Sher> WithiHeh! BLTRILILddhe! NG AN 557 on

Fig. 3 shows an optical signal propagation apparatus
according to the third embodiment of the present invention.
Fig. 4 shows an optical signal propagation apparatus
10 according to the fourth embodiment of the present invention.
Fig. 5 shows an optical signal propagation apparatus
according to the fifth embodiment of the present invention.
Fig. 6 shows an optical signal propagation apparatus
according to the sixth embodiment of the present invention.
15 Fig. 7 shows an optical signal propagation apparatus
according to the seventh embodiment of the present invention.
Fig. 8 shows an optical signal propagation apparatus
according to the tenth embodiment of the present invention.
Fig. 9 shows an example of a reference voltage output
20 circuit 65.
Fig. 10 shows another example of a reference voltage

output circuit 65.

DETAILED DESCRIPTION OF THE INVENTION

25 - The present invention will be explained with reference
to embodiments of the present invention. However, the
following embodiments do not limit the scope of the present
invention described in the claims. Moreover, not all the
combinations of the characteristics described in the

30 embodiments are necessarily essential for solving the present
invention.

An embodiment of the present invention will be explained

with reference to Fig. 2. 1In Fig. 2, those reference

numerals that are common to those used in Fig. 1 refer to the
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According to the thirteenth aspect of the present i nvention, an opti cal
si gnal propagation apparatus as descil#bed in any of the sixth through
twel fth aspects of the present invention is provided such that the

receivin ' er h [ ecej.vi si.de LSI. which converts
conpar i sgné%é rﬁ?ﬁ#{%{k%he%&z o%praurcgtt%orre i & acnosﬁle%lo%iar‘fb %pretl chfatl‘n:gl
electric sigedl to an opthoeslr diilger 0id healflug teantdhampesionfuiie. present
i nvention, an 0 tica% si gnal, propagati on apparatus as 25 described in the
thirteent I IO Ah e Ghreserdts iy artigal mgr@%r%‘iﬁ?’@eﬁﬁ KR EHat the

cur rent - Vol 41360 LONMAINPTE Gdddliing wAd, e, gopparal qpar e enbedded i n

the receiving side According to the Tifteenth aspect of the

presentt trangmiddion umithdidcsd teiapeliggiograghide.Sbpar aa usefargice
descri bed c;unrzaer}}/t of .the sjxth.through fourteenth _aspects, t he, present

. : . & a el L5 1B S a a
i nvent i on TE POV Such tha®THe rrlans]?njgyl éh erun%t c%rjt%’er Fh2n
em ssi on pAEcLorgRitsaiican 13 I Cidreover Nl ko ORGP aNSEY | 1ods PRt O
di ode which recejives a portion of an_output light of the reference
| aser dio&gﬁ@gﬁﬁwgqngqﬁpr 23, a photo-diode 22, a current-voltage
conversion circuit 21, a comparator 24, and a receiver side
10 LSTI 2.
In Fig. 2 also, as in Fig. 1, an output electric signal
of the transmission side LSI 1 is input to a laser driver 11.
A laser diode 12 is then driven in response to the output
signal of the transmission side LSI 1. An optical signal is
15 transmitted via an optical connector 13 and an optical fiber
3. A photo diode 22 receives the optical signal via a
receiver side optical connector 23. The photo diode 22 then
emits an electric current signal pulse. The electric current
signal pulse emitted by the photo diode 22 is then converted
20 into a voltage signal by a current-voltage conversion circuit
21. A comparator 24 compares the voltage signal with a
reference voltage V... The voltage signal is then input as a
logic signal to the receiver side LSI 2.
In this embodiment, the transmission side is equipped
25 with a reference current source 4 which outputs a constant
current. A current that is a prescribed proportion of the
drive current of the laser driver 11, for example, 1/2 the
current, is output as a direct current reference current from
the reference current source 4. 1In this way, a single
30 reference laser diode 121 is made to constantly emit light.
The light that the reference laser diode 121 emits is used as
a standard reference optical signal. This standard reference
optical signal is also transmitted through the same

transmission path as the transmission path for transmitting
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received output light into a corresponding conpensation current, and
out puts the conpensation current. This @&ptical signal propagation
appar atus al so has a conpensation current- vol tage conversion circuit

whi ch convents the conpensati.on 5 current, which the co sati on, photo
di ode has Outputr |ln‘ia? SIgna &y a‘?qﬁ'tﬁ‘?’l VBT E%ye aafh%g}b%p L1 h‘glgge'

conpensat iwii ol ifagident icdN dditthes Amert BRI S AThOWes wsupensati on
circuit feeds t he conpensation vol tage, which the conpensation current-

vol t age cOHARISiigh thestiaptialowignalsadle tinatrl ledaand used as the

reference laser diode 121 in the same manner. The same

5 optical connector 13, optical fiber 3, receiver side optical
connector 23, photo diode 22, and current-voltage conversion
circuit 21, which are used to transmit other signals, are
used to transmit the standard reference optical signal. The
voltage signal that corresponds to the direct current

10 reference current, which has been converted by the current-
voltage conversion circuit 21, is applied as the reference
voltage V, for all the receiver side comparators 24.

As has been explained above, on the transmission side,

the emission power intensity of the laser diode 12 changes

I5 due to changes in the surrounding temperature of the laser
diode 12 and changes in the self-generated heat of the laser
diode 12. As a result, the timing accuracy of the
transmission signal deteriorated. Moreover, the timing
accuracy also deteriorated as the power source voltage of the

20 laser diode 12 changed. However, according to the present
embodiment, a laser diode that is identical to the laser
diode 12 for transmitting optical signals is installed in the
same manner. This laser diode is used as the reference laser
diode 121. Therefore, the reference laser diode 121 is

25 influenced by almost the same degree of change in the
surrounding temperature and almost the same amount of self-
generated heat as the laser diode 12 which transmits optical
signals. In other words, the voltage signal that is applied
to one input terminal of all the receiver side comparators 24

30 receives the same degree of change in the surrounding
temperature and the same amount of change in the self-
generated heat as the reference voltage V,, that is applied
to the other input terminal. Similarly, in the case in which

the power source voltage of the laser diode 12 changes, the
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10 drive and the reference current source. According to the
si xteenth aspect of the present i nveb&i on, an optical signal
transm ssion apparatus is provi ded. This optical signal transm ssion

apparatus has. a Jaser driver for .a . fying an_electrj 110 t.q be 15
t r ansni tte&',°i§a19§f ér‘@r‘?ég ert® ?é’l?rlcl%i cr?n%utlﬁ’i?tué: Es? xjéncinsal ?’Zér earlccaince
current a RIHRSGdRadreR AR icpiratie g MeBeivest Whee Hame lamowit tdfe

el ectric signal, a |l aser di ode which out puts an optical signal and a

standard r 1l itgier POWeIh FSRF 6N VIHE 3 & TS TGTATARE (R 538 %r ence
current, 2Q regpect i%e!aég}%tg. 2ot £ARS &&gkf’ggqugté%ﬁLﬁgl".‘h' TheCangRt the

| aser di ode*tfo connect ectively tot river or the reference

current ssowupplied to onkcdamtiimgl oft hdes arapeestidr dparmiginshd s esent
i nventi on,

vent O, SRR SNSRI SE AP YRS B8 8 derguad 0 the

plurality ghdifie deasBndr iofeitheidiparat®s put. a THeredldre), afvdheifl@madric

signals in parallel. According to the eighteenth aspect of the

pr esent change in the surrounding temperature of the laser diode, the
change in the amount of self-generated heat of the laser -

10 diode 12, and the change in the power source voltage of the
laser diode 12 cause the optical intensity of the
transmission signal to change, the amounts of change
contained in the two input terminals cancel each other. As a
result, the deterioration of the timing accuracy can be

15 prevented.

Here, in order to explain a second embodiment, a laser
diode array is used for the multiple laser diodes 12 of the
parallel optical signal transmission apparatus. When the
laser diodes 12 are formed in an array, the individual laser

20 diodes are thermally coupled with each other tightly. The
fact that the individual laser diodes are thermally coupled
with each other tightly means that the self-generated heat
generated by the individual diodes is conducted to each other
and cancels each other. As a result, the changes in the

25 characteristic caused by the change in the self-generated
heat of the laser diode also cancel each other. As has been
explained above, when the multiple laser diodes 12 are formed
in a laser diode array, the change in the characteristic
caused by the change in the self-generated heat of the laser

30 diodes can be canceled, which is an advantage.

A third embodiment of the present invention will be
explained with reference to Fig. 3.

In Fig. 3, the laser drivers 11 and reference current

source 4 are installed inside the transmission side LSI,
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invention, an optical signal propagation apparatus is 30 provided. This
optical signal propagation apparatus hag7a transm ssion unit which

converts an electric signal into an optical signal and transmits the
optical signal, havin i

i a, | aser driver for amplifyin he I.C
Si ]gnal , a Wik elred Powr%%‘ﬁc%’o%r’gc%rvﬁ’ﬁ%?ﬁ%ﬁ trglﬁa‘-sg%i?r %és(?ngéééfon si de
reference _; ; i
. 1 t , £ th th other 1l&gic cfdEl£bvs.a The
prescri bedsﬁ%%osrt?%%a%? ?}1% naa?enun?guvglr entova? ue S of the electric

signal, a daseentlwdkbtade chomvepsionttirculopt2taindi gPEPABABRES 0A?t AES
electric Sigggéllggifgsigg éﬁgeéeceiver side LSI 2, which is a logic

5 circuit for converting transmitted optical signals into the
original electric signals, together with other logic circuits.

As has been explained above, by installing the laser
drivers 11 and reference current source 4 inside the
transmission side LSI 1 together with other logic circuits,

10 the multiple laser diodes are thermally coupled with each
other tightly. Therefore, the embodiment shown in Fig. 3 has
the advantage of the second embodiment besides the advantage
of the first embodiment. By installing the photo diodes 22
inside the receiver side LSI 2 together with the other logic

15 circuits, a high density packaging without any external
circuit can be achieved. 1In addition, other circuits, the
laser drivers 11 and reference current source 4 are installed
inside the transmission side LSI 1 and signals are received
inside a chip installed in the receiver side LSI 2.

20 Therefore, the amount of power consumption due to signal
transmission can be greatly reduced and the circuit operation
can be accelerated.

A fourth embodiment will be explained with referehce to
Fig. 4. 1In the fourth embodiment, an emission power

25 compensation circuit 5 for stabilizing the absolute value of
the emission power of the laser diode 12 is installed. This
emission power compensation circuit 5 is composed of a
compensation photo diode 51 for receiving a portion of the
output light of the reference laser diode 121 which emits

30 light driven by the reference current source 4 and a
compensation current-voltage conversion circuit 52 for
converting the output current signal of the compensation
photo diode 51 into a voltage signal. The output of the

compensation current-voltage conversion circuit 52 is fed
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driver has anplified, and a standard reference |light based on 5 the
transm ssion side reference current, and8a transm ssion side switch
whi ch causes the | aser diode to connect selectively to the laser driver

or the reference current squrce, an, optical fiber for propagating the
optical siRfff.t0 eafh Lhthe a%‘?‘brﬁ%“ﬁ%&g’at?’b‘% ‘gbepa’f%f?ﬁg%‘?%o has a 10
recei vi ng Miktei £hyFr&ee Vesridieid il Sohwtidl cdiisdnd St ion P& DPe@at esl

t hrough the optical fiber, having a photo "di ode whi ch receives the

optical sisfrbiligestieabeeiute armkie tefl the temingien ROWHY i ehl theber,
converts the ceiv tl | ' S | cuLrent
si gnal , re%%%%/]gs&%%cgg1?s%gﬁéo%¥tor<$ie%n¢:}gé% 3?1&5‘%% convrgL?? s&t5 h% st andard

ref erence constamghtvalni®, a correspondi ng receiver side reference current, a
current-vol tage_ copversjion cjrcuit which converts q&he current si gnal

and the recei veétY sIET el i@ iR raRves S IRE PSS LOL BEFT and a
reference é’&haglﬁé’x%%{&ﬁp@ﬂédﬂ ¥5, atf}?eadlzpvéoé@ﬁéi@ferﬁ%é?fbﬁgﬁ@@éfs the
wth the I I ng

vol t age sign ref erence voltage. Accor to the
ni net eent ckespectenistie @f ademtlaser diode 12 is further stabilized.
A fifth embodiment of the present invention will be
10 explained with reference to Fig. 5. In the fifth embodiment,
a standard reference optical signal is transmitted
periodically through an optical fiber 3. As shown in the
drawing, a first switch 61 is installed in the transmission
side LSI 1. A second switch 64 and a reference voltage
15 output circuit 65 are installed in the receiver side LSI 2.
In the transmission side LSI 1, the switch 61
selectively connects the laser diode 63 to the laser driver
62 or reference current source 4. 1In order to make the
present embodiment comprehensible, different reference
20 numerals are given to the laser driver 62 and laser driver 11,
and to the laser diode 63 and laser diode 12. However, the
laser driver 61 may be identical to the laser driver 11, and
the laser diode 63 may be identical to the laser diode 12.
As has been explained above, the emission power
25 intensity of a laser diode changes as the surrounding
temperature and the amount of self-generated heat of the
laser diode change. This change in the emission power
intensity deteriorates the timing accuracy of a transmission
signal. Therefore, the period for transmitting the standard
30 reference optical signal needs to be determined so that the
fluctuation of the emission power intensity of the laser
diode 12 will not become large during the period. For
example, the switch 61 connects to the reference current

source 4 with the period of once every several seconds. As a
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I nvention, an optical signal propagation apparatus as described in the
ei ghteenth aspect of the present inventil®h 25 is provided such that the
transm ssion unit has a plurality of the laser drivers which output a
plurality of the electric signals_in parallel. . . According to
the twenti &EfUaSpet eoFtFﬁgaﬁﬂe§gﬁfrenc?i QEﬁFan?1§Ha&pﬁ§c§F%§ﬁmiﬁé%d
propagat i ognaBpaialkys saveddl gesondee@nrbubhethenebegabh FIpest 30f ik
present invention is provided such that the receiving unit has a

plurality etandardhzefewpuca: obsimpilcHigpapameyabs Granismitsrd wethol t age
signals mn&gnbgg B%f%h%Q%%xV%E&Q%% h@p@%ﬁ%h@ebn the circumstance. When

5 the switch 61 is connected to the laser driver 62, the laser
diode 63 outputs an optical signal like the other laser
diodes 12. In the receiver side LSI 2, the optical signal
output from the laser diode 63 or standard reference optical
signal is input to the current voltage conversion circuit 21.

10 The switch 64 selects the reference voltage output
circuit 65 in synchronization with the switch 61. In other
words, when the switch 61 is switched with a prescribed
period to the reference current source 4 side and the laser
diode 63 outputs a standard reference optical signal, the

15 switch 64 is switched to the reference voltage output circuit
65 side. The reference voltage output circuit 65, which will
be specified again with reference to Figs. 9 and 10, holds at
least during a prescribed period between the time at which
the first standard reference optical signal is transmitted

20 and the time at which the next standard reference optical
signal is transmitted the value of the reference voltage V.,
that corresponds to the standard reference optical signal.
The reference voltage output circuit 65 outputs the reference
voltage V., to the input terminal of the comparator 24 for a

25 prescribed period. The reference voltage output circuit 65
updates with a prescribed periocd the value of the reference
voltage V.. that corresponds to the next standard reference
optical signal.

A sixth embodiment of the present invention will be

30 explained with reference to Fig. 6. In the sixth embodiment,
the reference current source 4 and switch 61 shown in Fig. 5
are omitted. .In this case, the laser driver 62 outputs an
electric signal and a direct current reference current,

controlled by a control unit (not shown in the drawing) of
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According to the twentieth aspect of the present i nvention, an optical
si gnal propagation apparatus as desciiObed in any of the eighteenth
t hrough twentieth aspects of the present invention is provided such that

h i Vi 5 it, further, ference voltage output. circuit which
;pgl irggelt x@ge?%éjrgﬁlf%s%%??%’eggiﬁ;ftor ?aR%’Fl.OQ durin AR TR0 the

22nd aspecdi®dct hCuPF&SE Nte féW@idd CurrenBNi ®SuEHht ST et D& opggati on
apparatus as described in the 21[err] aspect of the present invention is

provi ded RRFQHAUNING Hehiekihe ngfandard wefrrence optiel vetgnatieiswitch
whi ch étﬂ?d,r erﬁ%&é‘c@%\@é t@egtee)%r{_?ivlgﬁ | LD 'Jéhé@ 1]_;1213 Ofnf\flgﬁgzlgl?:g%ﬁl tof

vol t age outp ircuit en the curren age conver
out put $ t hehe efmei ssiben iodwengeintensity &€ cohiai hgséw dhed@3]zrwilhspeect of

(e P ESed e A, Bl ORI Cal. Shgnel T OBRgall O SPRRLEILE B,
such t habddiEmd i nSHBwS | DD Bigle sV dKd FSESMbhcd et PREAPMEGH LY 40
and switch 61 can be removed. As a result, the circuit
configuration of the sixth embodiment is simplified.

10 A seventh embodiment of the present invention will be
explained with reference to Fig. 7. 1In the seventh
embodiment, a reference current source 4, switches 61 and 64,
and a reference voltage output circuit 65 are installed to
each optical fiber 3. To simplify the explanation, only the

15 configuration about one optical fiber 3 is shown in Fig. 7.
The period during which the direct current reference current
is output, that is, the period during which the standard
reference optical signal is propagated, needs to be
determined so .that the fluctuation of the emission power

20 intensity of the laser diode 12 will not become large during
the period. Since the structure shown in Fig. 5 is installed
to each optical fiber 3, the fluctuation of the emission
power intensity of the laser diode 12 can be corrected
independently for each of the optical fibers 3.

25 In the eight embodiment of the present invention, the
reference current source 4 and switch 61 shown in Fig. 7 are
omitted. In this case, the laser driver 62 outputs an
electric signal and a direct current reference current,
controlled by a control unit (not shown in the drawing) of

30 the transmission side LSI 1. The laser driver 62 can output
the direct current reference current periodically. This
period is determined so that the emission power intensity of
the laser diode 63 will not fluctuate by a large amount due

to heat during the period.
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t he reference current source. According to the 24th aspect of the
present invention, 20 an optical signal 28ropagati on apparatus as descri bed
i'n the 23[err] aspect of the present invention is provided such that a

period with whi t.he transm n_side tch tc e
reference curre Ekﬁw% a€§ %@k $ TR %€M¢WEHP¥ %§ﬁ% ?f % 1onﬁ%f t he
en ssi on pPPygéri M edsi 8y Shrplies | aSHds 251 ¢é oflervent wmmsenﬁabaselby a large
anount during the period. According to the 25[err] ect . of the

present i nv@¥gepnthan the jgatiee @%rap¥%%%§%ﬁ¢%gF%§F%Rﬁ|%%? %l@ IRCEYOm a
tra”S"‘SS'Qerentuﬂhés “@éf@eca€V§%£f1?P EhaetEhE §é9@€ ?f”EHea“ opti cal

signal and transmts fhe optic Sl gna via an optica I ber 30 for
propagaiingefémem@elcmrremgnam the eomﬁngurahgomn$hoWnrln FlgecéLV|ﬁgl$he
optical si al hat has been ggted t hr ou

. t he optical ber
provi ded. thio E%Em%ﬁ% s? pklaf the %ﬂ?ﬁ%%??h%°vﬁ %?g%???t Snal
fromthe tfﬁésm§ér0alé@ét63 wilDehbOUF Tabt MaLelt Byt & | Dgrgs ambﬁﬁﬂsah§31 on

side reference

to heat during the period. It is desirable that the absolute
value of the difference between the value of the positive

10 current and that of the reference current be equal to the
absolute value of the difference between the value of the
negative current and that of the reference current. The
laser diode 63 outputs a positive reference optical signal to
the optical fiber 3 based on the positive current, and a

15 negative reference optical signal to the optical fiber 3
based on the negative current. The photo-diode 22 receives
the positive and negative reference optical signals, and
converts them into corresponding positive and negative
current signals, respectively. The current-voltage

20 conversion circuit 21 then converts the positive and negative
current signals into corresponding positive and negative
voltage signals, respectively. After this, the reference
voltage output circuit 65 outputs the reference voltage V..
based on the positive and negative voltage signals. When the

25 absolute value of the difference between the wvalue of the
positive current and that of the reference current is equal
to the absolute value of the difference between the value of
the negative current and that of the reference current, the
reference voltage output circuit 65 sets the average of the

30 positive voltage signal and negative voltage signal to the
reference voltage V... As in the previously explained
embodiments, the reference voltage V., is then compared with

the voltage signal.
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10 current a prescribed proportion of the maxi mum current val ue of
the electric signal fromthe transm ssizh unit, outputting the optica
signal to the optical fiber based on the electric signal, and outputting

a standard reference t.o the tical fiber based on t ransm ssi on
si de referenceg te Pr&%EOFF@ﬁPFhQ%tF RsRYESERL dRVERE o0 e optical

signal preppaatiedd ieuohelrlecaprbl ¢al Fhighes., andnC%\éertfeln&% emtddt n2Rit! cal
signal into a corresponding current signal, and recei vi ng t he standard

referencealCénpkpﬂ@pagapeanﬁﬁt@dghOthelﬁse@pﬁraabrfﬁﬁer dmd tddsveasieng t he
Standard ref E%@%E '%chultlg%olg §95 t%i&%ﬁd 249 r%%%b%e%cﬁl%%ﬂé¥é rence

current
5 a reference voltage V., to the receiver side LSI 2. When

parallel optical signals need to be propagated, in order to
synchronize all the signals, a system which propagates a
clock signal together with the data (optical signals) is
available. 1In the present embodiment, the reference voltage

10 V.. is generated using this clock signal. In what follows,
the operation of the present embodiment will be explained.

The laser driver 62 amplifies the data signal, which is

an electric signal, and the clock signal, and outputs them to
the laser diode 63. The laser diode 63 outputs an optical

15 signal and based on the electric signal. In addition, based
on the clock signal, the laser diode 63 outputs a binary
reference optical signal that corresponds to the binary
output of the clock signal. The optical signal and binary
reference optical signal are sent to the photo-diode via the

20 optical fiber 3. The photo-diode 22 receives the optical
signal and binary reference optical signal, and converts them
into a corresponding current signal and a corresponding
binary reference current signal, respectively.

After the current-voltage conversion circuit 21 converts

25 the binary reference current signal into a binary reference
voltage signal, the current-voltage conversion circuit 21
sends the binary reference voltage signal to the smoothing
circuit 80. The smoothing circuit 80 takes the time average
of the binary reference voltage signal, and determines the

30 reference voltage V., to be equal to this time average. The
period over which the time average of the binary reference
voltage signal is taken is determined so that the emission
power ihtensity of the laser diode 63 will not fluctuate by a

large amount due to heat during the period. In the present
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receiving unit, converting the current signal into a voltage signal, and
converting the receiver side reference c23rent into a reference voltage
i-n the receiving unit, and conparing 15 the voltage signal with the

f | t inth the 26th
nepect of PRECBRBEBR: FRecheraRenke YolBrHSa Vior fr BRRGREFRY HRLBH Foal

signal as deseki Bednk hBGing &SkBhkLagtPpetriel.t heomeseent ithvientdlen is
provi ded such that "a 20 plurality of the electric signals are output in

paral | el ipossibhe §Peﬁeéﬁ‘ré§?p§t reﬁgrten@eerv@éfqaeee degnaping a binary
According 19 EQ? %zggrggFgﬁggc B Q&kga% %Qtlehegt?g%chﬁh for

propagati ng an optical ans Ssi on converts
an elecsrleasu@nalonntheabthptihahd25aft@mahh@n@u&m@m&mmtétm@@ opti cal

signal, via an optical fiber for ropa the optical signal, to a
recei vi ng GﬁPNeFéﬂon ClF@BéFv?ﬁchﬁg u% §Pttﬁ&9nﬁ§slﬁggh
propagat edvbli'izg.tﬁgh 31gnatlhe t?x@t 'c%.%lrefn'tb%llt%.g@' QredsiOH TiRhRed as the

steps of putting the electric signal fromthe transm ssion unit, 30
peri odi cal pndst phet vedtaggosioned ¢tor tdet doapargter4ue As in the

previous embodiments, the comparator 24 compares the voltage

10 signal with the reference voltage V..

In the above-explained embodiments, in order to increase
the accuracy of the apparatus, it is desirable that the
characteristics variations of the laser diodes 12 and those
of photo diodes 22, which are generated mainly during the

15 manufacturing process, be adjusted. To accomplish this, for
example, the characteristics of the laser diodes 12 and photo
diodes 22 are measured. Based on the measurements, the
driver currents of the laser diodes 12 are adjusted so that
the outputs of the laser diodes 12 will become uniform, and

20 the receiver side gains of the photo diodes 22 are adjusted
so that the outputs of the photo diodes 22 will become
uniform. These adjusted values based on the characteristic
variations can be stored in, for example, an EEPROM or a
memory of a control circuit.

25 Fig. 9 shows an example of a reference voltage output
circuit 63 which stores and outputs the reference voltage V...
This reference voltage output circuit 63 has an A/D converter
71, a memory 72, and a D/A converter 73. The reference
voltage V.., which the current-voltage conversion circuit 21

30 has converted, is converted into a digital signal by the A/D
converter 71, and then is stored in the memory 72. The D/A
converter 73 then converts the stored value of the reference
voltage V.. into an analog signal. The reference voltage V

ref s

‘which has been converted into an analog signal, continues to
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that is larger than a prescribed proportion of a nmaxinum current val ue
of the electric signal and a negative ca#rent having a value that is
smal | er than the prescribed proportion of the maxi mum current val ue of

the electric signal fromth 1 1 r.ansm,ssi ' utting

the optic® & gatty?cfljfé’ the c'f‘b?t“ffpc""ﬁ‘a]['TC?rbezr4 6}5151-‘213 E)Er?etsﬁgeg% (ragc%arrll%&'tsc?gnal ,

Outputtlngéferenng§?ﬂﬂg&j%ﬁﬁ&ﬁﬂpqéiﬂﬁ&néMiﬁﬁEdetica| fi ber based on the
n

positive current, and outputting a negative reference |ight 5 to the
optical fiber HHspd léh shewshapathar axgunte G ffpference voltage

output circuit 63 which stores and outputs the propagated

5 reference voltage V... This reference voltage output circuit
63 is an analog memory having a capacitor 81 and a
differential amplifier 82. First the switch 64 is closed,
and the reference voltage V., is propagated. When electric
charge is accumulated in the capacitor 81, the switch 64

10 opens, and the reference voltage V., is output from the
differential amplifier 82 to the comparator 24.

As has been explained above, according to the present
invention, a reference current source for outputting as a
direct current reference current a current whose value

15 corresponds to a prescribed proportion of the drive current
of a laser driver and a reference laser diode which emits a
standard reference optical signal driven by the direct
current reference current are installed on the transmission
gside. In addition, a comparator to which a voltage signal,

20 which corresponds to the direct current reference current
that has been converted by a current-voltage conversion
circuit, is applied as a reference voltage is installed. As
a result, even if the light intensity of the transmission
signal changes when the surrounding temperature, self-

25 generate heat, and power source voltage of the laser diode
change, the components of the changes cancel each other. 1In
this way, a parallel optical signal transmission apparatus
which prevents its timing accuracy from getting deteriorated
can be provided.

30 Furthermore, in the parallel optical signal transmission
apparatus, by structuring the laser diodes in the form of a
laser diode array, changes in the characteristic that are
caused by changes in the self-generated heat of the laser

diodes cancel each other. As a result, the changes in the

*his Sheet Has Been Replaced

[T -




transm ssion unit, receiving the optical signal that has been _
propagat ed through the optical fiber and5converting the ~ optical signal
into a corresponding current signal, receiving the positive reference

| i ght that_.has ro ted throu h t tical fiber and converting
the posit iSAER3S eer el$q%iﬁt eaiilgiy “é'éﬁfg% g 09 158 current, and
recei vi ng ddterated agait wef rtﬁf@rlerg.‘eec ldidded hedn &S citﬁedkdllrﬁm,gaﬂeﬁbﬁ hrough

t he optical fiber and converting the negative reference |ight into
a corresporfliayAERASMS current in the receiving unit, 15 converting t he

current signal 7y g4y g esﬂ?"tq?e éd%fﬂelel 0?)% e‘?aair es;lé{!?ioﬁ age ased& n

signal in the recelving unit erating
the positiappaxatut by mui:at]rilemgedaisene doirvears dmd teherefmmdvieng unit, and

conparing vol t age with the refere volta e |n t he 20
ecer vi ng Hent S0 Sy A bkl 17 G AT GOt oddt .

i nventi on,otther 1rajliwd:f1€&u1pi§mtbyiguﬁt@pﬂmgﬁla demaén ébed in
t he 27th aspect of the present invention is provided such that a

pl ural ity VS IQR QT gl $ AARARGHAT |in gl tegeiver side LSI
together with other logic circuits, a high density packaging

10 without any external circuit can be achieved, the amount of
power consumption due to signal transmission can be greatly
reduced, and the circuit operation can be accelerated.

Moreover, in the parallel optical signal transmission
apparatus, by jointly using an emission power compensation

15 circuit, the drive current-emission power characteristic of
the laser diode is further stabilized.

Although the present invention has been described using
its embodiments, the scope of the present invention is not
limited to these embodiments. Those skilled in the art can

20 add various modifications and improvements to the embodiments
of the present invention. It is clear from the claims that
such modified or improved embodiments can be also covered by

the scope of the present invention.
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25 the step of outputting the electric signal. According to the
29[ err] aspect of the present inventiongé an optical signal propagation
apparatus is provided. This optical signal propagation apparatus has a

transm ssi it Lchconverts an electric signal into an optica
si gnal angﬁgguaﬁaﬁﬁﬁﬂM?Q:ﬁg'opticaI signal, having a | aser driver for
anpl i fyi ng .t he pel egichicalSisd@mal & ran@aiiysiicgnalppaeiatee Mivdhg a Qugat s a

bi nary output having a prescribed duty ratio to the | aser drjiver, and a
| aser  di o@& ieire ogueppld fyiagosn ediectris ignagaded ben trasiiddisd ¢

signal and, RN ieheB8YM81 laser diode for outputting an optical

signal based on said electric signal, comprising:

a reference current source which outputs as a reference
current a prescribed proportion of a maximum current value of
said electric signal; and

a reference laser diode which generates a standard

reference light, driven by said reference current.

2. An optical signal transmission apparatus as claimed in
claim 1, comprising a plurality of said laser drivers which

output a plurality of said electric signals in parallel.

3. An optical signal transmission apparatus as claimed in
claim 1, wherein said laser diode and said reference laser

diode are structured as a laser diode array.

4. An optical signal transmission apparatus as claimed in
claim 1, wherein said reference current source outputs as
said reference current approximately 1/2 said maximum current

value of said electric signal.

5. An optical signal transmission apparatus as claimed in
claim 1, wherein said reference laser diode constantly

outputs said standard reference light.

6. An optical signal propagation apparatus comprising:

a transmission unit which converts an electric signal
into an optical signal and transmits said optical signal,
having:

a laser driver for amplifying said electric signal;
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12 | i ght based on the binary output. This optical signal
propagati on apparatus has an optical fi®®2r for propagating t he opti cal
signal. This optical signal propagation apparatus further has a

receiving unit which receives the 5 optical signal that is propagate
through the op@t&PHid5er signaldAssy éi]ﬂ??ﬁ &’iﬂi%ﬂé’%ﬂ‘t’:{? r%"g‘éf\%%ﬁ‘?gl
optical signala1 Widdd on 8% RAILAF RN HIGHAd JHY G Hh el QY Gk iFdder
converts the optical signal 1nto a corresponding current signal

recei ves has tampliifiad; ref erence |ight and converts the binary reference

10 light into _a_cqrresponding binary reference current, a
current-vol tagefl Eﬁ%ﬁﬁ Sh HYFSIY & é"’gﬁ'\F tosulﬁ%"gtscﬁﬁ éht si gnal

and t he bigiinsniefSIanNca dalifefdrdrided cur@ritage itaditibed prsbartismry
reference vol tage,, respectively, a srmothijfncg circuit which outputs a
f

r ef er ence Qfola FFEITREL FHHF P He NG P Faidreleatcel S F 1R arPY he duty
ratio, respectiyelafe AMhd 1age URHALM M KL AAPH s dliga M@ t age signal

with the ref erence vol tage.
reference light based on said transmission side reference

current;

an optical fiber for propagating said optical signal;
and

a receiving unit which receives said optical signal that
is propagated through said optical fiber, having:

a current signal photo diode which receives said optical
signal, which has been transmitted through said optical fiber,
and converts said optical signal into a corresponding current
signal;

a reference current photo diode which receives said
standard reference light, which has been transmitted through
said optical fiber, and converts said standard reference
light into a corresponding receiver side reference current;

a current-voltage conversion circuit which converts said
corresponding current signal and said corresponding receiver
side reference current into a voltage signal and a reference
voltage, respectively; and

a comparatcor which compares said voltage signal with

said reference voltage.

7. An optical signal propagation apparatus as claimed in
claim 6, wherein said transmission unit has a plurality of
said laser drivers which output a plurality of said electric

signals in parallel.

8. An optical signal propagation apparatus as claimed in
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According to the 30th aspect of the present invention, a met hod for
propagating an optical signal as descril®@sd in the 20 29[err] aspect of the

present invention is provided such that the transm ssion unit has a
plurality of the Iaser drivers out a_plu e electric
si gnal s |ncﬁé+ﬁl7elw erein Sal%@ﬁ%?ﬁ?ﬁbn?oqug gife?r?fﬁ§ﬁi&€yo? tﬁglg

present inygh aeatoﬁs whlaﬁt hedphpe 8rppagaling 8p 8RLACRb16hgRAkigRals
described In O[err] aspect of the present invention Is provided

such t hat WlthtﬁéldeC@ferﬁgcanV@lﬁagealplBﬁﬁﬁli?lef t he conparators which
conpare a plurality of the electric signals with the ref erence voltage
i n parallel. According to the 32[err] aspect of the present

i nvention, 9a 30Ann6prda1Oé1§ﬁamaﬁﬁbbagaamonphbpakashgnab aiadmsdrﬁhed in
any of 29[err% through the 31[err] as if t he presg gventlon S
provi ded sGtAi®h&e WHGrBFHaF§1§|§HSFC§Bu é@nP 328PEcRICAGNEP sour ce.

reference laser diode are structured as a laser diode array.

10. An optical signal propagation apparatus as claimed in
claim 6, wherein said reference current source outputs as
said transmission side reference current approximately 1/2

gsaid maximum current value of said electric signal.

11. An optical signal propagation apparatus as claimed in
claim 6, wherein said reference laser diode constantly

outputs said standard reference light.

12. An optical signal propagation apparatus as claimed in
claim 6, wherein said transmission unit further has a
transmission side LSI which outputs said electric signal, and
gsaid laser driver and said reference current source are

embedded in said transmission side LSI.

13. An optical signal propagation apparatus as claimed in
claim 6, wherein said receiving unit further has a receiving
side LSI which converts a comparison result of said

comparator into a corresponding original electric signal.

14. An optical signal propagation apparatus as claimed in
claim 13, wherein said current-voltage conversion circuit and

said comparator are embedded in said receiving side LSI.
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13 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig 1
shows a conventional exanple of a paral |29 optical signal propagation
apparatus. 5 Fig. 2 shows an optical signal propagation apparatus
according to the first engbodi nent of the present inyentiaon. . . Fig. 3
shows an opti-caPlsPHrAcC3sr &3 | B ORBFREAChs APPAXRERE| BTy TR INRE it r d
embodi ment 9k 1t@  PLAReRYE il RUAR it¥Ansmission bndt 4u3itees ORI cal signal

propagation apparatus 10 according to the fourth enbodi nent of the present
i nventi on. emission power compensation circuit including:

a compensation photo diode which receives a portion of
an output light of said reference laser diode, converts said
output light into a corresponding compensation current, and
outputs said corresponding compensation current; and

a compensation current-voltage conversion circuit which
converts said compensation current, which said compensation'
photo diode has output, into a compensation voltage and
outputs said compensation voltage;

such that said emission power compensation circuit feeds
said compensation voltage, which said compensation current-

voltage conversion circuit has output, back to said laser

driver and said reference current source.

16. An optical signal transmission apparatus comprising:

a laser driver for amplifying an electric signal to be
transmitted;

a reference current source which outputs as a reference
current a prescribed proportion of a maximum current value of
said electric signal;

a laser diode which outputs an optical signal and-a
standard reference light based on said electric signal and
said reference current, respectively; and

a transmission side switch which causes said laser diode

to connect selectively to said laser driver or said reference

current source.

17. An optical signal transmission apparatus as claimed in
claim 16, comprising a plurality of said laser drivers which

output a plurality of said electric signals in parallel.
18. An optical signal propagation apparatus comprising:
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Fig. 5 shows an optical signal propagation apparatus according to the
fifth enmbodi nent of the present inventidh. Fig. 6 shows an optical
si gnal propagati on appar at us according to the sixth enbodi rent of the

pparatus - acbFAMRY:aiPhetablRERCE0APRERE Bn FRECEFRECRE S Rdent i on

Fig. 8 shewsoaanopptiaklsiggahlpanfagabhhemniappaaatiuspticatcedidnad,to the

tenth enbodi nent of the present invention. Fig. 9 shows an exanpl e

of a refeP8HéBIvol t age output 20 circuit 65. Fig. 10 shows anot her

exanpl e of a r?f§%§@96d¥ﬁbéégfor aﬂ%&@fgi §' ekl 65. _ _ _

DETAI LED DESCRI PTION OF THE | NVENTI 2 The present invention wll be

expl ai nedelkethrief eigneé ; to enmbodi ments of the present invention.

However, the follomﬁng enbodi pent s_do ngt hini% t he scope of the present
a referenceé current sourcé which outputs as a

transmission side reference current a prescribed proportion
of a maximum current value of said electric signal;

a laser diode which outputs said optical signal based on
said electric signal, which said laser driver has amplified,
and a standard reference light based on said transmission
side reference current; and

a transmission side switch which causes said laser diode
to connect selectively to said laser driver or said reference
current source;

an optical fiber for propagating said optical signal;
and

a receiving unit which receives said optical signal that
is propagated through said optical fiber, having:

a photo diode which receives said optical signal, which
has been transmitted through said optical fiber, converts
said optical signal into a corresponding current signal,
receives said standard reference light, and converts said
standard reference light into a corresponding receiver side
reference current;

a current-voltage conversion circuit which converts said
corresponding current signal and said corresponding receiver
side reference current into a voltage signal and a reference
voltage, respectively; and

a comparator which compares said voltage signal with

said reference voltage.

19. An optical signal propagation apparatus as claimed in
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I nvention described in the clains. Mreover, not all the conbi nati ons of
the characteristics described in the 303énbodi ments are necessarily
essential for solving the present i nventi on. An enbodi nent of

the present i.nvention wll be .explained . wth.eference-to R.q. 2.c.1n
Fig. 2, t ﬁé@e‘“} aor dfErein M%‘r@r{%ss&og BHio A & RIS A Fig. 1
refer to td38d laser drivers which output a plurality b said siectric
conponents. A structure for transmtting an optical signal to an optical

fiber is Eddned s ity aKdldSElon unit. A

20. An optical signal propagation apparatus as claimed in
claim 19, wherein said receiving unit has a plurality of said
comparators which compare a plurality of said voltage signals

with said reference voltage in parallel.

21. An optical signal propagation apparatus as claimed in
claim 18, wherein said receiving unit further has a reference
voltage output circuit which applies said reference voltage

to said comparator.

22. An optical signal propagation apparatus as claimed in
claim 21, wherein said receiving unit further has a receiver
side switch which causes said reference voltage to be input
to said reference voltage output circuit when said current-

voltage conversion circuit outputs said reference voltage.

23. An optical signal propagation apparatus as claimed in
claim 18, wherein said transmission side switch is switched

periodically to said reference current source.

24. An optical signal propagation apparatus as claimed in
claim 23, wherein a period with which said transmission side
switch is switched to said reference current source is
determined so that a fluctuation of an emission power
intensity of said laser diode will not increase by a large

amount during said period.

25. A method for propagating an optical signal from a
transmission unit, which converts an electric signal into an

optical signal and transmits said optical signal, wvia an
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structure for receiving an optical signal froman opti cal fiber is
called a receiving unit. In Fig. 2, the® transmssion unit has a
transm ssion side LSl 1, a reference current source 4, a laser driver

11, a laser diode 12, and an opti ¢cal connector Mor egver, the
recei ving GRELCR&s Eaker fSEtPEQPa86ﬁﬁ88t§F1§3°Pélﬁﬁ t §1GP8de 59 24

current - VOEE@Q?VlngCQBY%r%b?nr%bégvhhgzéala BEEEQEQtQEg%QI @Bgtah@gcelver

side 10 LSI 2. : al so,” as in , an output electric
si gnal béenhprppagsnesls n:hnrosxghe seSH opEs caihpﬁnbtecr, achapaisdingy &hel].
A | aser diode 12 |s then driven in response to the output signal of the
transm ssi GhSBPd8EFSI 1. An optical signal is 15 transnitted via an opti cal

connector 13 angugpulRlingakafidbelectric Aiphalo fioadeadd rteegisvEsdion
optical signal via a recei ver side optical connector 23. The photo di ode
22 then UBAfts an electric current signal pulse. The electric current

si gnal pul se engg&%d%atﬁ n]%pat@' €22 5l £ rhiemhi CRI%E tsqfan%f@tr%n%e

vol tage signal by a Curren age conversion circult . A conpar at or
24 conpar esutrirentohlt pgessirgbeald propoxtion of a maximum current value of

said electric signal from said transmission unit;

outputting said optical signal to said optical fiber
based on said electric signal, and outputting a standard
reference light to said optical fiber based on said
transmission side reference current from said transmission
unit;

receiving said optical signal propagated through said
optical fiber and converting said optical signal into a
corresponding current signal, and receiving said standard
reference light propagated through said optical fiber and
converting said standard reference light into a corresponding
receiver side reference current in said receiving unit;

converting said corresponding current signal into a
voltage signal, and converting said corresponding receiver
side reference current into a reference voltage in said
receiving unit; and

comparing said voltage signal with said reference

voltage in said receiving unit.

26. A method for propagating an optical signal as claimed in
claim 25, wherein a plurality of said electric signals are
output in parallel in said step of outputting said electric

signal.

27. A method for propagating an optical signal from a
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ref erence voltage V[err]. The voltage signal is then input as a | ogi c
signal to the receiver side LSI 2. 33 In this enbodinent, the
transm ssion side is equipped 25 with a reference current source 4 which

out puts a constant |, current, (A current that is_a_prescribe [ pportion
of Phe® * CHAncBLenipRatoF. (bt PhcEbhirFyar S e TeBr LS oRLpRET  FHOBNED
current, igpPUERY s88§n81dLh8CErEHERNEDE 58187 EPEECEYl Eeghall OWlia anthe
reference current source 4. In this way, a single 30 reference | aser diode

121 is nadeptécabdnfibar| foenpropagating saideoPtifalt Aagnahe Fefeérence
et oo eAEhy Bl nh® ¥R BB yind SRAACOBILEI CLUR OB e haS 00
same t basanpsspagapatihthsotigh baddsopsscah pabber{ ocompamnsingt the
steps of:
outputting said electric signal from said transmission
unit;
periodically outputting a positive current having a
value that is larger than a prescribed proportion of a
maximum current value of said electric signal and a negative
current having a value that is smaller than said prescribed
proportion of said maximum current value of said electric
signal from said transmission unit; .
outputting said optical signal to said optical fibér
based on said electric signal, outputting a positive
reference light to said optical fiber based on said positive
current, and outputting a negative reference light to said
optical fiber based on said negative current from said
transmission unit;
receiving said optical signal that has been propagated
through said optical fiber and converting said optical signal
into a corresponding current signal, receiving said positive
reference light that has been propagated through said optical
fiber and converting said positive reference light into a
corresponding positive current, and receiving said negative
reference light that has been propagated through said optical
fiber and converting said negative reference light into a
corresponding negative current in said receiving unit;
converting said corresponding current signal, which
corresponds to said optical signal, into a voltage signal in

said receiving unit;
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15 ot her optical signals. In other words, another |aser diode, whi ch
Is identical to the | aser diode 12 that34s used to transmt ot her

optical signals, is installed and used as the ref erence | aser diode 121
in the sane manner. The sane 5 opti cal nnec(LBor ,.optical fiber 3,
receiver side GFHSTALING GFfdQEICE VHiGEs KGR 22 Sa‘-’lr%ciiacurrent-vol t age
conver si ORorrddgdridiing? boghitiGi: igréshd drfd (g=Ars Bdrrddiindimgnal s, are
used to transmt the standard reference optical signal. The vol t age

si gnal t hategsdrirves goyrpento itheadid aacedyimentuntd- ir &M ence current, which

has been conver . 1 4 - - g€, GV lrouid 21, is
applied as the cﬁo&r&g&éﬁ %aﬁ%(ﬂl&gagev[segﬁﬂf gvrl a Isea{%eq{éefcéei%é si de
conpar at orfolddge in saidAyduasivigen undd .ai ned above, on the transm ssion

si de, the em ssion power intensity of the |aser diode 12 changes 15 due
to changes in the surrounding tenperature of the |aser

28. A method for propagating an optical signal as claimed in
claim 27, wherein a plurality of said electric signals are
output in parallel in said step of outputting said electric

signal.

29, An optical signal propagation apparatus comprising:

a transmission unit which converts an electric signal
into an optical signal and transmits said optical signal,
having:

a laser driver for amplifying said electric signal;

a binary signal source which outputs a binary output
having a prescribed duty ratio to said laser driver; and

a laser diode which outputs said optical signal based on
said electric signal and a binary reference light based on
said binary output;

an optical fiber for propagating said optical signal;
and

a receiving unit which receives said optical signal that
is propagated through said optical fiber, having:

a photo diode which receives said optical signal, which
has been transmitted through said optical fiber, converts
said optical signal into a corresponding current signal,
receives said binary reference light and converts said binary
reference light into a corresponding binary reference
current;

a current-voltage conversion circuit which converts said

corresponding current signal and said corresponding binary
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di ode 12 and changes in the self-generated heat of the |aser di ode 12.
As a result, the tinmng accuracy of the35 transnission signal
deteriorated. Mreover, the timng accuracy al so deteriorated as the

power sour e 2 | aser, di ode 12 changed. . However, according
to the pr elg%fr\%lpéﬁ@ge%‘%%ﬂél{gén I,Qt% ?a‘g% t%ﬁf%d%”-??\%? "i”ggi YRITREY to the | aser
di ode 12 fosféremsenvélt@goptiespestnely;is installed in the same

manner. This |aser diode is used as the reference |aser di ode 121.
Therefore, the 3 TRRHRENY ZFowiodeniich ¢utpets nt| sibngbe-vglaenost t he

sanme degr i surr i [ nd nost _t he
samne armuﬁlfe%rsel f%i& %g%?%?%d&%e%ﬁ%s%%ﬂggéeﬁéyfﬁ % Kaﬂ\:/\?i?%han
transmts sptd etescrilyedndiitsy tatk i hereswsaksivéwe; vehdage signal that is

appl i ed to one input terminal of all the receiver side conparators 24
30 receives theé SamPHHTre "?'?“%ha‘r‘ﬁf@p"i‘ﬁe’f AL YotrRERgS19nat epllat ur e

and the saiei@nPafdréice hvoeade. t he sel f - generated heat as the
ref erence voltage V[err] that is applied to the other input termnal.

Simlarly, in the case in which t he power source voltage of the |aser

di ode 12 Qﬂ?ﬁg%§1éﬂgﬁcal signal propagation apparatus as claimed in
claim 29, wherein said transmission unit has a plurality of
said laser drivers which output a plurality of said electric

signals in parallel.

31. An optical signal propagation apparatus as claimed in
claim 30, wherein said receiving unit has a plurality of said
comparators which compare a plurality of said electric

signals with said reference voltage in parallel.

32. An optical signal propagation apparatus as claimed in

claim 29, wherein said binary signal source is a clock signal

source.
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16 vol tage signal that is applied to one input termnal of all t he
recei ver side conparators 24 receives the sane anount of change in the
power source voltage as the reference voltage Vlerr] that is applied to
the other input termnal. The input 5 supplied to one term nal of the
conparator 24 contains the sanme amount of change as the input supplied
to the other I nput termnal of the conparator 24. Therefore, even if the
change in the surroundi ng tenperature of the | aser diode, the change in
t he amount of self-generated heat of the |aser

OPTICAL SIGNAL TRANSMISSION APPARATUS AND OPTICAL SIGNAL
| TRANSMISSION METHOD

ABSTRACT OF THE DISCLOSURE

A parallel optical signal transmission apparatus
suppresses a power source noise, a drift, and timing jitter
and drift caused by changes in temperature. The parallel
optical signal transmission apparatus has a reference current

10 source 4, which outputs as a direct current reference current
a current value that corresponds to a prescribed proportion
of a drive current of the laser driver 11, installed on the
transmission side and a reference laser diode 121, which
emits a standard reference optical signal driven by the

15 direct current reference current, installed on the
transmission side. A voltage signal that corresponds to the
direct current reference current, which has been converted by
the current—voltage.conversion circuit 21, is applied as the
reference voltage V., to the comparator 24.

20
( Figure 2 )

25
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10 diode 12, and the change in the power source voltage of the | aser

di ode 12 cause the optical intensity of the transm ssion signal to
change, the anmounts of change contained in the two input termnals
cancel each other. As a result, the deterioration of the timng accuracy
can be 15 prevented. Here, in order to explain a second enbodi nent,
a | aser diode array is used for the nultiple | aser diodes 12 of the
paral l el optical signal transm ssion apparatus. Wen the | aser di odes

12 are formed in an array, the individual |aser 20 diodes are thermally
coupled with each other tightly. The c%agt that the individual |aser

di odes are thermally coupl ed wth éL ther tightly nmeans that the
sel f - gener at ed heat generated by the individual diodes is conducted to
each ot her Sand cancels each other. As a result, the cianges in the 25
characteristigscaused by the change in the self-generat edy "®heat of the
| aser di ode akdo cgncel each other. As has been expllagned™above, when
the multiple [@ser |diodes 12 are forned in alaser digde @ raysNthe
change in the-gh@\ect eristic i
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caused by the change in the self-generated heat of the |aser 30 di odes can
be cancel ed, which is an advantage. A third enbodi nent of the
present invention will be explained with reference to Fig. 3.

In Fig. 3, the laser drivers 11 and reference current source 4 are
installed inside the transm ssion side LS|,

17 which is alogic circuit for processing nultiple electric

signals separately, together with other logic circuits. The
current-vol tage conversion circuits 21 and conparators 24 are
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installed inside the receiver side LSI 2, which is alogic 5 circuit for
converting transmtted optical signals into the original electric
signals, together with other logic circuits. As has been expl ai ned
above, by installing the |aser drivers 11 and reference current source 4
I nsi de the transm ssion side LSI 1 together with other logic circuits,
10 the multiple | aser diodes are thermally coupled with each ot her
tightly. Therefore, the enbodi nent shown in Fig. 3 has t he advant age of
t he second enbodi nent besi des the advant age of the first enbodi ment. By
installing tQ% phot o di odes 22 |n5|g§ﬁyg§ recei ver side LSI 2 together
with the other logic 15 circuits, nsi ty packagi ng wi t hout any
ext er nal @ rcuft can be achreved. In addition, other cirluits, the

| aser drivers—11 apd reference current source 4 are installedeN inside
the transm ssfon s{de LSI 1 and signals are received Insjde a chip
installed in Phe\ﬁ:ceiver side LSl 2. 20 Therefore, the amunf of pSﬂer
consunpti on dde o] si gnal transm ssion can be greatly reduﬁed antt t he

circuit oper a§ on can be accel erated.
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A fourth enbodinent will be explained with reference to Fig. 4. In the
fourth enbodi nent, an em ssion power 25 conpensation circuit 5 for

stabilizing the absol ute val ue of the em ssion power of the | aser diode
12 is installed. This em ssi on power conpensation circuit 5 is conposed
of a conpensati on photo diode 51 for receiving a portion of the
output light of the reference |aser diode 121 which emts 30 light driven
by the reference current source 4 and a conpensati on current-vol tage
conversion circuit 52 for converting the output current signal of the
conpensati on photo diode 51 into a42}xtgge signal. The output of the
conpensation ®Urrent-vol tage conversiontéircuit 52 is fed
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18 back to each of the laser drivers 11 and the reference current
source 4. The em ssion power conpensation circuit 5 stabilizes the

absol ute val ue of the em ssion power of the | aser di ode 12 by
controlling these output currents to a 5 constant val ue. By
jointly using the above-descri bed em ssion power conpensation circuit 5,
the drive current-em ssion power characteristic of the |aser diode 12 is
further stabilized. A fifth enbodi mrent of the present invention
will be 10 explained with reference to Fig. 5. In the fifth enbodi nent,

a standard reference optical signal is gﬁ?ﬁﬁﬁittEd periodi cal ly through
an optical fiber 3. As shown in the awng, a first smﬁLgh 6l is

installed iewthe tr Stde LSl ,I. A secopd swtlcen64 and a
reference veltage 1b ' 5 argyinsial led inAHedeceiver side
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sel ectively connects the | aser diode 63 to the |aser driver 62 or

reference current source 4. In order to make the present enbodi nment
conprehensi ble, different reference 20 nunerals are given to the | aser
driver 62 and | aser driver 11, and to the | aser diode 63 and | aser
di ode 12. However, the | aser driver 61 may be identical to the |aser
driver 11, and the | aser diode 63 may be identical to the | aser diode
12. As has been expl ai ned above, the em ssion power 25 intensity of
a | aser di ode changes as the surroundi ng tenperature and the anpount of
sel f-generated heat of the | aser digpd hange. This change in the
em ssi on power intensity deteriora t¥ie ti mng accuracy of a
transm ssigp signal . Therefore the period for transmitting the
standard BQ_referemce optical gignalf needsjto be detjerm o that the
fluctuati omof thelenngsi poyr i AL ensi ,diode 12 will
not become'l’arge dgr t peTg od. THor m’_gc Bl connects
to the refdeneeodrrient Spur ceg CcC® eﬁ%ﬁy sever al
seconds. Ag;a g8 P
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19 result, the standard reference optical signal is transmtted

once every several seconds through the optical fiber 3. The st andard
ref erence optical signal may be transmtted with | onger or shorter
peri od dependi ng on the circunstance. Wen 5 the switch 61 is connected to
the |l aser driver 62, the |aser di ode 63 outputs an optical signal |ike
the ot her |aser diodes 12. In the receiver side LSI 2, the optical
si gnal output fromthe | aser diode 63 or standard reference optical
signal is input to the current voltage conversion circuit 21. 10 The
switch 64 selects the reference volta%f/91§put
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circuit 65 in synchronization with the switch 61. In other wor ds, when
the switch 61 is switched with a prescribed period to the reference
current source 4 side and the | aser di ode 63 outputs a standard
reference optical signal, the 15 switch 64 is switched to the reference
vol tage output circuit 65 side. The reference voltage output circuit
65, which wll be specified again with reference to Figs. 9 and 10,

hol ds at | east during a prescribed period between the tinme at which
the first standard reference optical signal is transmtted 20 and the tine
at which the next standard reference oqupqa signal is transmtted the
val ue of the reference voltage V|err] at corresponds to the standard
ref erence opti cal S|gnal The reference voltage output circuit 65

out puts the referen; Hgl<tof t he
conparator 24 for a pre-crlbrd pe I od. The referenc @t put
circuit 65¢g updatés t d LO8riod thg\val 0 hs reference
vol t age V[e#nlﬁlﬁg; (ofi reshf 1 e_next Epand pd r ‘ :ﬁoptiyal
si gnal . M A 3] xtth enpodi nent qf the t]invention Wi o Be
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30 explained with reference to Fig. 6. In the sixth enbodi nent, t he

reference current source 4 and swtch 61 showmn in Fig. 5 are omtted. In
this case, the laser driver 62 outputs an el ectric signal and a direct
current reference current, controlled by a control unit (not shown in

t he draw ng) of 20 t he
transm ssion side LSI 1. The period during which the direct current
reference current is output, that is, the period during which the

standard reference optical signal is //pgopagated, needs to be determ ned
so that the fluctuation of 9

A/D memory D/A
S S S
71 12 13
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5 the em ssion power intensity of the |aser diode 12 wI{ not becdne
l'arge during the period. In conparison with the fifth egioNOYeRbs shovn
rn Fig. 5 the reference current source-4 and switch |61 can be rengvdd.
As a result, the circuit configuratibn of the sixth erbodrment—Ts
simplified. 10 A sevent h enbodi nent of the presenti_invention will b

explained with reference to Fig. 7. In the _se ilﬂ§¥

reference culORSIRCASO HIGNAL ' PN Qﬁ&"%’ﬁﬁmg‘ m'ﬁ’n(?el:[zxﬁtfr%TLerer?cNeJ!ﬁ:'vol t age
output circuit 65 are install edphnsmrs§e6R metionl fiber 3. To sinplify

t he explanation, only the 15 configuration about one optical fiber 3 is

shown in Fig. 7. The period during which the direct current reference

current is output, that_j enko ukq hgh the standard
reference optical signal [sBéégﬁgggygdébngggs&Fggggﬁbﬁ determ ned so that
the fluctuati pRe0f bherggbssion power 20 intensity of the |aser diode 12

wi Il not becone |arge during t he period. Since th .structurelshomn I n
Fig. 5 is instafhedpreseng é&@ﬁnéhPFcﬁﬁlﬁFSErtQ,aphepsﬁﬁégugﬁsgﬁ of the

emssion . DOWeL iBLeaskbYahist NEn! BpELcdl0deghal1CBRoPAGRRILACT d
apparatus, and an optical signal transmission method, and
more particularly, to an optical signal transmission

10 apparatus, an optical signal propagation apparatus, and an
optical signal transmission method that convert multiple
electrical signals into optical signals, and batch-transmit

these optical signals via optical fibers.

15 2. Description of Related Art
An example of a conventional optical signal transmission
apparatus will be explained'with reference to Fig. 1. In Fig.
1, reference numeral 1 refers to a transmission side LSI
composed of a CMOS, Bi-CMOS, bipolar, GaAs or the like which
20 is a logic circuit for processing multiple electric signals
separately. Reference numeral 11 refers to a laser driver
for amplifying an output electric signal of the transmission
side LSI 1. Reference numeral 12 refers to a laser diode or
a laser diode array, which generates an optical signal that
25 ‘corresponds to this output electric signal driven by the
output electric signal that has been amplified by the laser
driver 11. Reference numeral 13 refers to an optical
connector. Reference numeral 3 refers to an optical fiber or
optical fiber tape. The laser diode 12 is optically coupled
30 with the optical fiber 3 via the optical comnnector 13. The
optical signal generated by the laser diode 12 is transmitted
to outside via the optical fiber 3.
Reference numeral 2 refers to a receiver side LSI

composed of a CMOS, a Bi-CMOS, bipolar, GaAs or the like
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|ndependently f-or—each ptical fibers 3. }3 b
embodi ment of | tAFELAGEAED tsﬁﬁ{je tion, the r ef eﬁapé'écr ??er?a S éd """
switch 61 sho In Fig. 7 ar omtted. In thi gre theﬂaéi‘gytg' eé._62
outputs an | e] eets hgysiopsal| gnd a direct currle Dfé‘f"ég(éhc@aé‘?pr relft

f[:ontro! I ed byl al cOntrol” unit |(not shown in the {diawibsgictof :398ed heto paged """
ransm ssi on §i de—tS—t——The |jaser driveér 62 dan out put t he qaég%gg

current refergence current periodically. This gpqupgtmsld%ﬂﬁPﬁm

that th i
e e b Tons Thehh, ShoebleFor ehbigh iy FRCEagPe ebeoes

signals separately. Here, reference numeral 22 refers to a
photo-diode or a photo diode array. Reference numeral 23
refers to a receiver side optical connector. The photo diode
s 22 is optically coupled with the optical fiber 3 via the
optical connector 23. This photo diode 22 photoelectric-
converts the optical signal, which has been transmitted from
outside via the optical fiber 3, into an electric current
that corresponds to the original electric signal. The output
10 electric current signal of the photo-diode 22 is supplied to
a current-voltage conversion circuit 21, which converts the
output electric current signal of the photo-diode 22 into a
voltage signal. Reference numeral 24 refers to a comparator.
The voltage signal output from the current-voltage conversion
15 circuit 21 is applied to one input terminal of the comparator
24. A reference voltage V., is applied to the other input
terminal of the comparator 24.
As has been explained above, when a signal is
transmitted from the transmission side LSI 1 to the receiver
20 side LSI 2 via the optical fiber, the output electric signal
of the transmission side LSI1 is input to the laser driver 11.
The laser diode 12 is then driven in response to the output
signal of the transmission side LSI1. The photo diode 22
receives via the receiver side optical connector 23 the
25 optical signal that has been transmitted via the optical
connector 13 and optical fiber 3. The photo diode 22 then
generates an electric current signal pulse. The current-
voltage conversion circuit 21 converts the electric current
signal pulse, which has been generated by the photo-diode 22,
30 into a voltage signal. The comparator then 24 compares the
voltage signal with the reference Voltage V.- The voltage
signal is then input as a logic signal to the receiver side
LST 2.
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In the ninth enbodi mrent of the present inﬁéﬁlﬂ%}\ﬂENﬂ'h@ﬂEET I

outputs a positive current whose value is ljar ger than th¢
rence current” and a negative ' current whoge|vad #eNGw goml le
value of the 5 reference current in the confilguration showh
Thi s period is determned so that the emjssion power-Tnténg
| aser diode 63 will not fluctuate by a |arge_anount due to
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al ue
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ﬁ?téggjtﬁg rgguﬁé)é E%é¥¥ié§%e£éé§§ ﬁ%at change. The change
in the emission power intensity causes the timing accuracy of
the transmission signal to deteriorate. The change in the
power source voltage of the laser diode 12 also causes the

timing accuracy to deteriorate.

SUMMARY OF THE INVENTION

Given these problems, it is an object of the present
invention to provide an optical signal transmission apparatus
and an optical signal transmission method capable of solving
the above-stated problems. The object of the present
invention can be achieved by a combination of characteristics
described in the independent claims of the present invention.
The dependent claims of the present invention determine
further advantageous embodiments of the present invention.
This invention provides a parallel optical signal
transmission apparatus which has a laser diode and a photo
diode, that suppresses timing jitter and drift generated by a
power source noise, a drift, and changes in temperature,
thereby solving the above-described problem.

According to the first aspect of the present invention,
an optical signal transmission apparatus having a laser
driver for amplifying an electric signal to be transmitted
and an optical signal laser diode for outputting an optical
signal based on the electric signal is provided. This
optical signal transﬁission apparatus has a reference current
source which outputs as a reference current a prescribed
proportion of the maximum current value of the electric
signal, and a reference laser diode which generates a

standard reference light, driven by the reference current.



ENE HEET.
based on the negative current. The photo-di ode 22 receﬁéggwmwﬁwﬁe&bv i
and negative reference optical signals, and. converity theminto
correspondi ng positive and negative current signalis,j r24pé0Viigesy.
current-vol tage 20 conversion circuit 21,then convertjs |the positive an
negative current signals into correspondi ng posit|ivé and negative
vol tage signals, respectively. After this, the referdnce _ __volta e_ouit put
circuit 65 outatcotrdEng efEr €N Csd@diATLsPASE Idf the bpEedent 1heeROSOH| Ve
and negative voltage signals. Wien the 25 absolute value of the difference
bet ween t R VERPLECTF FHeNal tIRRTPiseienaRRATaHS t datdefcrikedcinrBire
current is fﬂgﬁl o) V. h | t he
val ue of £ t easn%%%%i?/féhglj??ée%té%ﬁ% t %%no or% h:gs ?%%é?%ﬁ%‘gevéﬁ%fgﬁ%gst%e
ref erence phirabetyuwhHutheilzser dhivers wmichvﬁmagetoé ?hersbippsTflve
vol tage signal and negatjve voltage si to the ref erence voltage
V[err]gf35 Asg}f‘% ?f}l CHTETi SHEFIL2)3F ‘?‘?é?jgfe *embodi ment's, the reference
vol tage V[err] Ascér@ingordatiesl vhird aspdde &Pl tR8epBe88AL - invention,

an optical signal transmission apparatus as described in the

first or second aspect of the present invention is provided
such that the laser diode and the reference laser diode are
10 structured as a laser diode array.

According to the fourth aspect of the present invention,
an optical signal-transmission apparatﬁs as described in any
of the first through third aspects of the present invention
is provided such that the reference current source outputs as

15 the reference current approximately 1/2 the maximum current
value of the electric signal.

According to the fifth aspect of the present invention,
an optical signal transmission apparatus as described in any
of the first through fourth aspects of the present invention

20 is provided such that the reference laser diode constantly
outputs the standard reference light.

According to the sixth aspect of the present invention,
an optical signal propagation apparatus is provided. This
optical signal propagation apparatus has

25 a transmission unit which converts an electric signal into an
optical signal and transmits the optical signal, having
a laser driver for amplifying the electric signal, an optical
signal laser diode which outputs the optical signal based on
the electric signal which the laser driver has amplified, a

30 reference current source which outputs as a transmission side
reference current a prescribed proportion of the maximum
current value of the electric signal, and a reference laser
diode which outputs a standard reference light based on the

transmission side reference current. This optical signal
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22 A tenth enbodi mrent of the present inventi¢on{wTl be
explained with reference to Fig. 8. In the tenth enbodi nt%4 NOV &9g ok} 70
is connected to a laser driver 62. In this case, alsmpoothing circuftj80
is installed as a neans for generating 5sa reference vgl “errt-to t he
receiver side LSI 2. Wen paral l el optical signals|need to be
propagated, in order to synchroni ze all the signal s;a System whi ch

pr opagat esPacpagatieskappgratusogbshehasi an opeiedt af{beri £aF signals) is
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optical fiber. The receiving unit has a current signal photo
diode which receives the optical signal, which has been
transmitted through the optical fiber, and converts the
received optical signal into a corresponding current signal,
a reference current photo diode which receives the standard
reference light, which has been transmitted through the
optical fiber, and converts the standard reference light into
a corresponding receiver side reference current, a current-
voltage conversion circuit which converts the current signal.
and the receiver side reference current into a voltage signal
and a reference voltage, respectively, and a comparator which
compares the voltage signal with the reference voltage.

According to the seventh aspect of the present invention,
an optical signal propagation apparatus as described in the
sixth aspect of the present invention is provided such that
the transmission unit has a plurality of the laser drivers
which output a plurality of the electric signals in parallel.

According to the eighth aspect of the present invention,
an optical signal propagation apparatus as described in the
seventh aspect of the present invention is provided such that
the receiving unit has a plurality of the comparators which
compare a plurality of the voltage.signals with the reference
voltage in parallel.

According to the ninth aspect of the present invention,
an optical signal propagation apparatus as described in any
of the sixth through eighth aspects of the present invention
is provided such that the optical signal laser diode and
reference laser diode are structured as a laser diode array.

According to the tenth aspect of the present invention,
an optical signal propagation apparatus as described in any

of the sixth through ninth aspects of the present invention

e operatlion of
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The | aser driver 62 anplifies the data signal, whichiid an erect
signal, and the clock signal, and outputs themto i
The | aser diode 63 out puts an optical 15 signal and hag e?%meﬁéeq)eet
signal. In addition, based on the cl®ck signal, tjhd--laser-di-ode-63
outputs a binary reference optical signal that ccrresponds to the

bi nary : :&Eﬂp fat
reference losg | call%dgna are sen kg{]azlet% ot o"f(}qle e via I’Ecﬁée 21.8& opt 1 ceﬁ

fiber 3. T rﬂrﬂrmndisﬁimrﬁ%nr@:memm ca:pmnradt appriximdtely inarhe
reference optjcal si na and ceﬂ%erts thenr, i.nto a corresponding

current si%f™&hE %ﬁ%ﬁke current signal,

respectively. Accordlr@f ttf‘cf dHe SWFTtn \@ﬁe&ﬂ:e SRS Tt cui t 21
converts 25 the binary Teference current signal into a binary reference

vol t agé sr:gneﬂntltdfe an rapfiicadl tsignaclo PrapAIRT 9T APRAALUS a%nds t he

bi nary refer iy fod | O e
snoot hi ng cgréraéc}ﬁle}? Cg r?g‘%f C%jrq]'}fr e iﬁeiﬁ&g&@wgﬁeﬁ%ﬁ %ﬁ#%ggre erence
vol t age sigmedentanichwiaiteion nies giverided ehettertdmty dliageei4eende tladmer equal

to this tine avera The
diode coé%tantly outputs the standard reference light.

—
O\
- w

According to the twelfth aspect of the present 1nvehtion,
10 an optical signal propagation apparatus as described in any
of the sixth through eleventh aspects of the present
invention is provided such that the transmission unit further
has a transmission side LSI which outputs the electric signal,
and the laser driver and the reference current source are
15 embedded in the transmission side LSI.

According to the thirteenth aspect of the present
invention, an optical signal propagation apparatus as
described in any of the sixth through twelfth aspects of the
present invention is provided such that the receiving unit

20 further has a receiving side LSI which converts a comparison
result of the comparator into a corresponding original
electric signal.

According to the fourteenth aspect of the present
invention, an optical signal propagation apparatus as

25 described in the thirteenth aspect of the present invention
is provided such that the current-voltage conversion circuit
and the comparator are embedded in the receiving side LSI.

According to the fifteenth aspect of the present
invention, an optical signal propagation apparatus as

30 described in any of the sixth through fourteenth aspects of
the present invention is provided such that the transmission -
unit further has an emission power compensation circuit
including a compensation photo diode which receives a . portion

of an output light of the reference laser diode, converts the
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period over which the time average of the binary referle —voltagel
signal is taken is determ ned so that the em ssion pgwe igbﬁn@h%y ofl
the | aser diode 63 will not fluctuate by a | arge a nt &u 0 at
during the period. In the present 7
23 enbodi ment, the reference voltage V[err] is generated using a
cl ock signal having a constant period. However, it is atso possibte o

gener at e F SEHh BRI ddaghy dnte @siqRFrespansiing camppnAatiden outputs a

ghp?gt ?\‘jtgﬁ.itﬂgggtt,h ah P T RRIGUIE L U bmp it orOb i ¥t NerriaN dpafdAr the
signal propagation apparatus also has a compensation current-
voltage conversion circuit which converts the compensation

5 «current, which the compensation photo diode has output, into
a compensation voltage and outputs the compensation voltage.
In this case, the emission power compensation circuit feeds
the compensation voltage, which the compensation current-
voltage conversion circuit has output, back to the laser

10 drive and the reference current source.

According to the sixteenth aspect of the present
invention, an optical signal transmission apparatus is
provided. This optical signal transmission apparatus has a
laser driver for amplifying an electric signal to be

15 transmitted, a reference current source which outputs as a
reference current a prescribed proportion of the maximum
current value of the electric signal, a laser diode which
outputs an optical signal and a standard reference light
based on the electric signal and the reference current,

20 respectively, and a transmission side switch which causes the
laser diode to connect selectively to the laser driver or the
reference current source.

According to the seventeenth aspect of the present
invention, an optical signal transmission apparatus as

25 described in the sixteen aspect of the present invention is
provided, which has a plurality of the laser drivers which
output a plurality of the electric signals in parallel.

According to the eighteenth aspect of the present
invention, an optical signal propagation apparatus is

30 provided. This optical signal propagation apparatus has a
transmission unit which converts an electric signal into an
optical signal and transmits the optical signal, having a
laser driver for amplifying the electric signal, a reference

current source which outputs as a transmission side reference
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conversion circuit 21 converts the current signal info voltage ignal

the current-voltage conversion circuit 21 sends the gl%m ?dé’g t o
the conparator 24. As in the previ ous enbodi nents h Sﬁ or{ 24
conpares the voltage 10 signal with the reference voltage. M err]

I n the above-expl ai ned enbodi nents, in ogder to increase t he accurafy of
the apparatus, it is desirable that the char act er tstt+es—vart+atirons—of
the | aser diodes 12 and those of photo diodes 22, which are generated
mai nl y dur FAFFERE iSPﬁ%ﬁG¥b€?GrPﬁ@P®F6é@§s°fb%h%dTﬁ§%EHm ?Brﬁeﬁg i

this 190 of EN8TRAELEDE £0aRAt] oLl shie? @lobbCwhash! odtpdes éaeand phOto
di odes 22 @fe fmeasur ed ased on the measurenents, driver currents

of the Iaseptﬂcahe51gﬁahrbaadﬂueneﬂhsoelhatrlc shgnebtpwhscbfthﬁelﬁ§§§r

di odes 12
di odes 22
becone ;5

b for 420 L d t
driveg fef cambl 1 248h, nA0a R SEERARES BFEeReRiRotaohronatts Bhr /
tHEi teaAEmIBes6nadjast edruakbies’ B’dﬁﬁdn@lﬂ bha-gharanseiisstion

variations can be stored in, for exanple, an EEPROM or a menory of a
control ciFédetswitch which causes the laser diode to connect
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selectively to the laser driver or the reference current
source, an optical fiber for propagating the optical signal.
This optical signal propagation apparatus also has a
receiving unit which receives the optical signal that is
propagated through the optical fiber, having a photo diode
which receives the optical signal, which has been transmitted
through the optical fiber, converts the received optical
signal into a corresponding current signal, receives the
standard reference light, and converts the standara reference
light into a corresponding receiver side reference current, a
current-voltage conversion circuit which converts the current
signal and the receiver side reference current into a voltage
signal and a reference voltage, respectively, and a
comparator which compares the voltage signal with the
reference voltage.

According to the nineteenth aspect of the present
invention, an optical signal propagation apparatus as
described in the eighteenth aspect of the present invention
is provided such that the transmission unit has a plurality
of the laser drivers which output a plurality of the electric
signals in parallei.

According to the twentieth aspect of the present
invention, an optical signal propagation apparatus as
described in the nineteenth aspect of the present invention
is provided such that the receiving unit has a plurality of
the comparators which compare a plurality of the voltage

signals with the reference voltage in parallel.
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25 Fig. 9 shows an exanple of a reference voltagp putput Cirlcdi t

63 which stores and outputs the reference voltage V[fefr 24_Nﬁwi§§3eference
vol tage output circuit 63 has an A/ D converter 71 menory , and a
D/ A converter 73. The reference vol tage V[err] whlch—+he
current-vol tage conversion circuit 21 30 has convertedl, is converted info a
digital signal by the A/D converter 71, and then 1I37stored in the

memory 72. The. Bigtordingrvertle t@ntietlc @rradt ahdeha @%RPSAH ue of the

Verr], - T fs Do tert b i ey AT les to-

24 described in any of the eighteenth through twentieth aspects
of the present invention is provided such that the receiving

5 unit further has a reference voltage output circuit which
applies the reference voltage to the comparator.

According to the 22™ aspect of the present invention,
an optical signal propagation apparatus as described in the
21* aspect of the present invention is provided such that

10 the receiving unit further has a receiver side switch which
causes the reference voltage to be input to the reference
voltage output circuit when the current-voltage conversion
circuit outputs the reference voltage.

According to the 23™ aspect of the present invention,

15 an optical signal propagation apparatus as described in the
eighteenth aspect of the present invention is provided such
that the transmission side switch is switched periodically to
the reference current source.

According to the 24™ aspect of the present invention,

20 an optical signal propagation apparatus as described in the
23™ aspect of the present invention is provided such that a
period with which the transmission side switch is switched to
the reference current source is determined so that the
fluctuation of the emission power intensity of the laser

25 diode will not increase by a large amount during the pericd.

According to the 25" aspect of the present invention, a
method for propagating an optical signal from a transmission
unit, which converts an electric signal into an . optical
signal and transmits the optical signal, wvia an optical fiber

30 for propagating the optical signal, to a receiving unit for
receiving the optical signal that has been propégated through
the optical fiber is provided. This method has the steps of
outputting the electric signal from the transmission unit,

periodically outputting as a transmission side reference
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be propagated to the conparator 24 until the next stjargard referenge

optical signal is transmtted. Fig. 10 sho an qg lle jof a
ref erence voltage output circuit 63 which stores jand gat gygﬁ?gg

propagated 5 reference voltage V[err]. #Ris referenc t
circuit 63 is an anal og nenory having a capacitoy 81 and a
differenti ﬁmﬁﬂ 82..4F ' i 64.d Sn ORERS 203 \ee
ref erence 6\3‘({)71‘ age a\/[p?f’er c‘zﬁlﬁpér ?brag}%%e%\.%r%/\h%;n éf ectér:JlL C c%%%? ge Is

accumul at esf ithe hel exapaind tairgril], fitven sthe drBsriBaiEmynind ebeputs BrEnce
voltage V[err] is output fromth differential_anplifier, 82 o the
conpar at ortrﬁl."ptl?a S’;%“%?ast%e"g?ie e‘?@b"?’a‘f%dﬁe et?asg‘lt)‘%o‘?rai lf’]}ée t%i?#érlc
present o dMWEN4 D o8 IR R SHAGNE] SUFSLeridd Pidtits Ngh@s a

direct current reference current a current whose value 15 corresponds to a
pr escr ishedopt bpok tfidrenfbased din whe lrrangmission sideseefeFene® and a

el oL e RS A WL L SR Byson BRI ERIBISTOR, etely s, 010

transm ssi$ignal praeagdteddthiowgh theoopatedbrfilbemtand eonveéttimgsi gnal ,
the optical signal into a corresponding current signal, and
receiving the standard reference light propagated through the

10 optical fiber and converting the standard reference light
into a corresponding receiver side reference current in the
receiving unit, converting the current signal into a voltage
signal, and converting the receiver side reference current
into a reference voltage in the receiving unit, and comparing

15 the voltage signal with the reference voltage in the
receiving unit.

According to the 26 aspect of the present invention, a
method for propagating an optical signal as described in the
25 aspect of the present invention is provided such that a

20 plurality of the electric signals are output in parallel in
the step of outputting the electric signal.

According to the 27 aspect of the present invention, a
method for propagating an optical signal from a transmission
unit, which converts an electric signal into an optical

25 signal and transmits the optical signal, via an optical fiber
for propagating the optical signal, to a receiving unit for
receiving the optical signal that has been propagated through
the optical fiber is providéd. This method has the steps of
outputting the electric signal from the transmission unit,

30 periodically outputting a positive current having a value
that is larger than a prescribed proportion of a maximum
current value of the electric signal and a negative current
having a value that is smaller than the prescribed proportion

of the maximum current value of the electric signal from the
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20 which corresponds to the direct current reference|cuytr : al pas
been converted by a current-voltage conversion cir¢uit, is appliedias a
reference voltage is installed. As aresult, even iif 24H0V $I3

intensity of the transm ssion si gnalllchanges whem fhe surrounding
tenperature, self- 25 generate heat, and power sourc voltagehof tre | pser
di ode change, .the conponents of the changes cancel.each other n
this way, grﬁg?@f?%f°6pg$tsr ngﬂﬁftf?%nE sPHHCAPpAraras t° WAfch
prevents ibgptitalngibeeupasydf spmuet é1868e et esignal edoutpaepiRg Arovided.
30 Furthernore, in the parallel optical signal transm ssion _
appar at us, PB§L5tYacTaf pREnEnel ighkrtai Baesophieak fbaropaged onathe dlﬁde
array, ch EPat ac I St e g t he
el 1 genor Bra bogt CoFTRG: | ang, bty Eoha ™ SheasCbETEe P LHARIREGHE T
t he chahgetoi bheheptical fiber based on the negative current from the

transmission unit, receiving the optical signal that has been
propagated through the optical fiber and converting the
optical signal into a corresponding current signal, receiving
the positive reference light that has been propagated through

10 the optical fiber and converting the positive reference light
into a corresponding positive current, and receiving the
negative reference light that has been propagated through the
optical fiber and converting the negative reference light
into a corresponding negative current in the receiving unit,

15 converting the current signal, which corresponds to the
optical signal, into a voltage signal in the receiving unit,
generating a reference voltage based on the positive.current
and the negative current in the receiving unit, and comparing
the voltage signal with the reference voltage in the

20 receiving unit.

According to the 28™ aspect of the present invention, a
method for propagating an optical signal as described in the
27" aspect of the present invention is provided such that a
plurality of the electric signals are output in parallel in

25 the step of outputting the electric signal.

According to the 29 aspect of the present invention,
an optical signal propagation apparatus is provided. This
optical signal propagation apparatus has a transmission unit
which converts an electric signal into an optical signal and

30 transmits the optical signal, having a laser driver for
amplifying the electric signal, a binary signal source which
outputs a binary output having a prescribed duty ratio to the
laser driver, and a laser diode which outputs the optical

signal based on the electric signal and a binary reference



25 characteristic that are caused by changes in - FrocuT cdeper
heat of the | aser diodes can be controlled, which g%;§3§H$§¥LH%EEF
In addition, in the parallel optical signal transm ss|op 5 apparatus,! b
installing |laser drivers and a reference current spufc@4 NOVhE9

transm ssion side LSl together with other logic cifchits and by

installing a current-voltage conversién circuit anfl & conparat or In
recei ver side LS together with other logic circuits,..a.high density
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propagation apparatus has an optical fiber for propagating
the optical signal. This optical signal propagation
apparatus further has a receiving unit which receives the
optical signal that is propagated through the optical fiber,
having a photo diode which receives the optical signal, which
has been transmitted through the optical fiber, converts the
optical signal into a corresponding current signal, receives
the binary reference light and converts the binary reference
light into a corresponding binary reference current, a
current-voltage conversion circuit which converts the current
signal and the binary reference current into a voltage signal
and a binary reference voltage, respectively, a smoothing
circuit which outputs a reference voltage based on the binary
reference voltage and the duty ratio, respectively, and a
comparator which compares the voltage signal with the
reference voltage.

According to the 30" aspect of the present invention, a
method for propagating an optical signal as described in the
29" aspect of the present invention is provided such that
the transmission unit has a plurality of the laser drivers
which output a plurality of the electric signals in parallel.

According to the 31" aspect of the present invention, a
method for propagating an optical signal as described in the
30" aspect of the present invention is provided such that
the receiving unit has a plurality of the comparators which
compare a plurality of the electric signals with the
reference voltage in parallel.

According to the 32™ aspect of the present invention, a
method for propagating an optical signal as described in any
of 29 through the 31% aspect of the present invention is

provided such that the binary signal source is a clock signal

source.
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power consunption due to signal transm ssion can be gfe PFQCEw“g;HﬂF%%; and
the circuit operation can be accel erated. Moreoper, in the parglle
optical signal transm ssion apparatus, by jointly bsjn@4aNO¥nio88i dn
power conpensation 15 circuit, the drivejgurrent-em sgipn power
characteristic of the | aser diode is further stabijized.
Al t hough the present invention has been described usifig its

enbodi nents, the scope ofBRIRF RRSGREAPTION AR FGHE PRAFINGS
enbodi nent s.

limted to these

Those skilled in the art can 20 add various nodificati ons and
| mprovenents to the enbodi nents

of the present invention. It is clear

fromthe clains Ritat 1 sisdseh aebirfvertt ioynd Inpaangsl eerdfod entesl lodn be al so

covered by
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t he scope .of the

present invention.

optical signal propagation apparatus.

Fig.
according
Fig.
according
Fig.
according
Fig.
according
Fig.
according
Fig.
according
Fig.

according

2 shows an optical signal propagation apparatus
to the first embodiment of the present invention.
3 shows an optical signal propagation apparatus
to the third embodiment of the present invention.
4 shows an optical signal propagation apparatus
to the fourth embodiment of the present invention.
5 shows an optical signal propagation apparatus
to the fifth embodiment of the present invention.
6 shows an optical signal propagation apparatus
to the sixth embodiment of the present invention.
7 shows an optical signal propagation apparatus
to the seventh embodiment of the present invention.
8 shows an optical signal propagation apparatus

to the tenth embodiment of the present invention.

Fig. 9 shows an example of a reference voltage output

20 circuit 65.

Fig. 10 shows another example of a reference voltage

output circuit 65.

DETAILED DESCRIPTION OF THE INVENTION
25 The present invention will be explained with reference

to embodiments of the present invention. the

However,

following embodiments do not limit the scope of the present

invention described in the claims. Moreover, not all the
combinations of the characteristics described in the

30 = embodiments are necessarily essential for solving the present

invention.
An embodiment of the present invention will be explained
with reference to Fig. 2. 1In Fig. 2, those reference

numerals that are common to those used in Fig. 1 refer to the
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26 WHAT IS CLAIMED IS: 1. An optical signal transm gstomappararus
having a | aser driver for anplifying an electric signal gg q@? rgﬂfnit ed
"and an optical signal |aser diode for outputting an aqpt|i ﬂ %ﬂ bas¢d on
said electric signal, conprising: 1a reference cyrrent source-—whic
outputs as a reference current a prescribed proportidn of a maxi mum cufrent
val ue of said electric signal; and a reference |'aser—di-odeg-wWriTh
generatessamgt@ﬁﬁﬁﬁﬂeﬁéﬁerehc%t¥m@%¥red??%e%r%QSEhFHIF%f%?eﬂ%%lﬁ Frent.
2. A Opéigﬁk}%sn% bpEISHL S 00y APRALA V838 €kahiRIsblof| dhit ], A
conpri sing urality sald laser drivers which

structure for receiving an optical signal from an optical

fiber is called a receiving unit. In Fig. 2, the

5 transmission unit has a transmission side LSI 1, a reference
current source 4, a laser driver 11, a laser diode 12, and an
optical connector 13. Moreover, the receiving unit has an
optical connector 23, a photo-diode 22, a current-voltage
conversion circuit 21, a comparator 24, and a receiver side

10 LSI 2.

In Fig. 2 also, as in Fig. 1, an output electric signal

of the transmission side LSI 1 is input to a laser driver 11.
A laser diode 12 is then driven in response to the output
signal of the transmission side LSI 1. An optical signal is

15 transmitted via an optical connector 13 and an optical fiber
3. A photo diode 22 receives the optical signal via a
receiver side optical connector 23. The photo diode 22 then
emits an electric current signal pulse. The electric current
signal pulse emitted by the photo diode 22 is then converted

20 into a voltage signal by a current-voltage conversion circuit
21. A comparator 24 compares the voltage signal with a
reference voltage V... The voltage signal is then input as a
logic signal to the receiver side LSI 2.

In this embodiment, the transmission side is equipped

25 with a reference current source 4 which outputs a constant
current. A current that is a prescribed proportion of the
drive current of the laser driver 11, for example, 1/2 the
current, is output as a direct current reference current from
the reference current source 4. In this way, a single

30 reference laser diode 121 is made to constantly emit light.
The light that the reference laser diode 121 emits is used as
a standard reference optical signal. This standard reference
optical signal is also transmitted through the same

transmission path as the transmission path for transmitting
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output a plurality of said electric signals in paralle¢l. 37 "An opt § cal
signal transm ssion apparatus as clained in claiml, erqgg gﬁw ﬂ?s r

di ode and said reference | aser diode are structured agy 4 er di o ay.
4. An optical signal transm ssion apparasus as cl ai ngd b-p—edatm-1; erein
said reference current source outputs as said referende current

approxi mately 1/2 said maxi num current val ue of said etectTrT signal; 5.

An opti cal @%Ioﬁtrlﬂﬁdmsggn@ﬁsappémm&&s wsirdare @niqthamilaser WHiads n
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transmit other optical signals, is installed and used as the
reference laser diode 121 in the same manner. The same
optical connector 13, optical fiber 3, receiver side optical
connector 23, photo diode 22, and current-voltage conversion
circuit 21, which are used to transmit other signals, are
used to transmit the standard reference optical signal. The
voltage signal that corresponds to the direct current
reference current, which has been converted by the current-
voltage conversion circuit 21, is applied as the reference
voltage V., for all the receiver side comparators 24.

As has been explained above, on the transmission side,
the emission power intensity of the laser diode 12 changes
due to changes in the surrounding temperature of the laser
diode 12 and changes in the self-generated heat of the laser
diode 12. As a result, the timing accuracy of the
transmission signal deteriorated. Moreover, the timing
accuracy also deteriorated as the power source voltage of the
laser diode 12 changed. However, according to the present
embodiment, a laser diode that is identical to the laser
diode 12 for transmitting optical signals is installed in the
same manner. This laser diode is used as the reference laser
diode 121. Therefore, the reference laser diode 121 is
influenced by almost the same degree of change in the
surrounding temperature and almost the same amount of self-
generated heat as the laser diode 12 which transmits optical
signals. 1In other words, the voltage signal that is applied
to one input terminal of all the receiver side comparators 24
receives the same degree of change in the surrounding
temperature and the same amount of change in the self-
generated heat as the reference voltage V,, that is applied
to the other input terminal. Similarly, in the case in which

the power source voltage of the laser diode 12 changes, the



REPLACEMENT SHERT |

6. An optical signal propagation apparatus conprising: [~ atransmis

unit which converts an electric signal into an optical} gi I nq ? ansmts
said optical signal, having: a laser driver for eml%%i%@lsg%J

electric signal; _ 27 18n optical sidndl—aser—diode
out puts said optical signal based on said electric sidnal which said | aser

driver has anplified, a reference. S—— .
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‘the receiver side comparators 24 .receives the same amount of

change in the power source veoltage as the reference voltage
V.. that is applied to the other input terminal. The input
supplied to one terminal of the comparator 24 contains the
same amount of change as the input supplied to the other
input terminal of the comparator 24. Therefore, even if the
change in the surrounding temperature of the laser diode, the
change in the amount of self-generated heat of the laser
diode 12, and the change'in the power source voltage of the
laser diode 12 cause the optical intensity of the
transmission signal to change, the amounts of change
contained in the two input terminals cancel each other. As a
result, the deterioration of the timing accuracy can be
prevented.

Here, in order to explain a second embodiment, a laser
diode array is used for the multiple.laser diodes 12 of the
parallel optical signal transmission apparatus. When the
laser diodes 12 are formed in an array, the individual laser
diodes are thermally coupled with each other tightly. The
fact that the individual laser diodes are thermally coupled
with each other tightly means that the self-generated heat
generated by the individual diodes is conducted to each other
and cancels each other. As a result, the changes in the
characteristic caused by the change in the self-generated
heat of the laser diode also cancel each other. As has been
explained above, when the multiple laser diodes 12 are formed
in a laser diode array, the change in the characteristic
caused by the change in the self-generated heat of the laser
diodes can be canceled, which is an advantage.

A third embodiment of the present invention will be
explained with reference to Fig. 3.

In Fig. 3, the laser drivers 1l and reference current

source 4 are installed inside the transmission side LSI,

i on

ich
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transm ssion side reference current a prescribed propadrtjomrof-—a-mextnum
current value of said electric signal; and a referjence,l Lodd
whi ch outputs a standard reference |ight based on said tra%éﬁﬁ@gf@ sijde
reference current; an optical fiber7for propagatijngtsaid _aptjcal
signal ; and a receiving unit which receives said joptical signal that
i s propagated through said optical fiber, having: h LUfren%.%igna+
{)Eot 0 ﬁi od_d’ldmh ce raedf-‘lsﬁé?s @é@lﬁptfi%alprﬁ%l,n%%lﬁa? FEET TP Ens i t t ed
rough said _optjc ' . a : SAi i i Sicduigd.0 The
corr esponcﬁ’l%n@'uér r er?tax}saltkg%\lgl'; %dé%m\aé% ?et?gr%(%rlﬁnltcsﬁot o di ode which
repgl vets. S@.}ﬁkfﬁaﬁdﬁlruhdgefmﬂerMerm Harsb agemRanabftd &t Afough
said optical fiber, and converts sai d stangdar er.anGs, |4 id4i a
corres ppnd’rﬁ@t%]e]peeq vets %et\i?eef’%?r%vee’fzﬁlr %tﬁ;bf % vgﬁgcg} rles?ltrg- W5 J'g:ge
conver §i on, £ £ ¢4k LEI dhedRvald S sishixtddsppnitialy cignais igigmadiheand
sai d correspondi ng receiver . . .
original electric signals, together with other logic circuits.

As has been explained above, by installing the laser
drivers 11 and reference current source 4 inside the
transmission side LSI 1 together with other logic circuits,

10 the multiple laser diodes are thermally coupled with each
other tightly. Therefore, the embodiment shown in Fig. 3 has
the advantage of the second embodiment besides the advantage
of the first embodiment. By installing the photo diodes 22
jnside the receiver side LSI 2 together with the other logic

15 circuits, a high density packaging without any external
circuit can be achieved. 1In addition, other circuits, the
laser drivers 11 and reference current source 4 are installed
inside the transmission side LSI 1 and signals are received
inside a chip installed in the receiver side LSI 2.

20 Therefore, the amount of power consumption due to signal
transmission can be greatly reduced and the circuit operation
can be accelerated.

A fourth embodiment will be explained with reference to
Fig. 4. In the fourth embodiment, an emission power

25 compensation circuit 5 for stabilizing the absolute value of
the emission power of the laser diode 12 is installed. This
emission power compensation circuit 5 is composed of a
compensation photo diode 51 for receiving a portion of the
output light of the reference laser diode 121 which emits

30 1light driven by the reference current source 4 and a
compensation current-voltage conversion circuit 52 for
converting the output current signal of the compensation
photo diode 51 into a voltage signal. The output of the

compensation current-voltage conversion circuit 52 is fed
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said reference voltage. 7. An optical signal propagatipn gpﬁgﬁa 3

clained in claim®6, wherein said transmision unit has ja plurality of gai
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current source 4. The emission power compensation circuit 5
stabilizes the absolute value of the emission power of the
laser dicde 12 by controlling these output currents to a
constant value.

By jointly using the above-described emission power
compensation circuit 5, the drive current-emission power
characteristic of the laser diode 12 is further stabilized.

A fifth embodiment of the present invention will be
explained with reference to Fig. 5. In the fifth embodiment,
a standard reference optical signal is transmitted
periodically through an optical fiber 3. As shown in the
drawing, a first switch 61 is installed in the transmission
side LSI 1. A second switch 64 and a reference voltage
output circuit 65 are installed in the receiver side LSI 2.

In the transmission side LSI 1, the switch 61
selectively connects the laser diode 63 to the laser driver
62 or reference current source 4. In order to make the
present embodiment comprehensible, different reference
numerals are given to the laser driver 62 and laser driver 11,
and to the laser diode 63 and laser diode 12. However, the
laser driver 61 may be identical to the laser driver 11, and
the laser dicde 63 may be identical to the laser diode 12.

As has been explained above, the emission power
intensity of a laser diode changes as the surrounding
temperature and the amount of self-generated heat of the
laser diode change. This change in the emission power
intensity deteriorates the timing accuracy of a transmission
signal. Therefore, the period for transmitting the standard
reference optical signal needs to be determined so that the
fluctuation of the emission power intensity of the laser
diode 12 will not become large during the period. For
example, the switch 61 connects to the reference current

source 4 with the period of once every several seconds. As a
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28 claim7, wherein said receiving unit has a plural{t T I——

conparators which conpare a plurality of said voltage|s gnals with sajd
repgrence vol tage in parallel. 9. An optical signal pr@-hdM #98
apparatus as clainmed in claim®6, wherein said optical [s{gnal |aser dipd
and reference | aser diode are structuredt@s a |aser d|ode array.  10.

optical signal propagation apparatus as clained in cl&-m-6, mhprpln saiid

reference gdgueRt EﬁHrQFSﬂHEBHt§e%§r§ﬁbQ b EEEHlsﬁh o?lsal ?kﬁﬂ%%ed

current apprOX|nate y 1 sal d maxi mum curfrent valu ectrlc
si gnal . once every several seconds through the optical flber 3. The

standard reference optical signal may be transmitted with
longer or shorter period depending on the circumstance. When

5 the switch 61 is connected to the laser driver 62, the laser
diode 63 outputs an optical signal like the other laser
diodes 12. 1In the receiver side LSI 2, the optical signal
output from the laser diode 63 or standard reference optical
signal is input to the current voltage conversion circuit 21.

10 The switch 64 selects the reference voltage output
circuit 65 in synchronization with the switch 61. 1In other
words, when the switch 61 is switched with a prescribed
period to the reference current source 4 side and the laser
diode 63 outputs a standard reference optical signal, the

15 switch 64 is switched to the reference voltage output circuit
65 side. The reference voltage output circuit 65, which will
be specified again with reference to Figs. 9 and 10, holds at
least during a prescribed period between the time at which
the first standard reference optical signal is transmitted

20 and the time at which the next standard reference optical
signal is transmitted the value of the reference voltage Vies
that corresponds to the standard reference optical signal.
The reference voltage output circuit 65 outputs the reference
voltage V. to the input terminal of the comparator 24 for a

25 prescribed period. The reference voltage output circuit 65
updates with a prescribed period the value of the reference
voltage V,., that corresponds to the next standard reference
optical signal.

A sixth embodiment of the present invention will be

30 explained with reference to Fig. 6. In the sixth embodiment,
the reference current source 4 and switch 61 shown in Fig. 5
are omitted. In this case, the laser driver 62 outputs an
electric signal and a direct current reference current,

controlled by a control unit (not shown in the drawing) of

n
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11. An optical signal propagation apparatus as clained iREt" CEME%imﬁﬁhé}
said reference | aser diode constantly outputs said stahdard reference :
l'ight. 12. An optical signal propagation apparatus | 2i4nBOVi 19981 ai n
wherein said transm ssion unit further a transm ssfon_side LSI whi.ch
outputs said electric signal, and said lI'aser driver and said reference

e n

N 6,

current source are enbedded in said transm ssion side %Sk 13 __An_opti
si gnal prophgatransappatiehuside LEai red TRecpeérivd, dubengi whiehdthecei vi
unit further has a receiving side LSI which converts a conparison result
sai d conpaSéFSF iﬁPSrﬁnEoFFgEEﬁﬁB?nﬁuﬁF?@Fnb? GHEBYE; ctBRENAS, the

period during which the standard reference optical signal is

propagated, needs to be determined so that the fluctuation of

5 the emission power intensity of the laser diode 12 will not
become large during the period. 1In comparison with the fifth
embodiment shown in Fig. 5, the refefence current source 4
and switch 61 can be removed. As a result, the circuit
configuration of the sixth embodiment is simplified.

10 A seventh embodiment of the present invention will be
explained with reference to Fig. 7. In the seventh
embodiment, a reference current source 4, switches 61 and 64,
and a reference voltage output circuit 65 are installed to
each optical fiber 3. To simplify the explanation, only the

15 configuration about one optical fiber 3 is shown in Fig. 7.
The period during which the direct current reference current
is output, that is, the period during which the standard
reference optical signal is propagated, needs to be
determined so that the fluctuation of the emission power

20 intensity of the laser diode 12 will not become large during
the period. Since the structure shown in Fig. 5 is installed
to each optical fiber 3, the fluctuation of the emission
power intensity of the laser diode 12 can be corrected
independently for each of the optical fibers 3.

25 In the eight embodiment of the present invention, the
reference current source 4 and switch 61 shown in Fig. 7 are
omitted. In this case, the laser driver 62 outputs an
electric signal and a direct current reference current,
controlled by a control unit (not shown in the drawing) of

30 the transmission side LSI 1. The laser driver 62 can output
the direct current reference current periodically. This
period is determined so that the emission power intensity of
the laser diode 63 will not fluctuate by a large amount due

to heat during the period.

cal
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14. An optical signal propagation apparatus as cl ai I T rein
said current-voltage conversion circuit and said co afﬁ?bmﬁﬁﬁg% %ﬂe&hid I n
said receiving side LS. 29 15. n optical signa

propagati on apparatus as clained in claim®6, wherein dzuggovnﬁgslcntunit
further has an em ssion power conpensation circuit inkcludl ng:

conpensati on photo di ode which receives23 portion of mn-output ||gnt Oﬂd
i ng

said reference | aser diode, converts said output lighl into a correspo
conpensati on currenh
Int

e nlgth embodiment of the present invention, the
laser diode 62 outputs a positive current whose value is
larger than the value of a reference current and a negative
current whose value is smaller than the value of the

s reference current in the configuration shown in Fig. 6. This
period is determined so that the emission power intensity of
the laser diode 63 will not fluctuate by a large amount due
to heat during the period. It is desirable that the absolute
value of the difference between the value of the positive

10 current and that of the reference current be equal to the
absolute value of the difference between the value of the
negative current and that of the reference current. The
laser diode 63 outputs a positive reference optical signal to
the optical fiber 3 based on the positive current, and a

15 negative reference optical signal to the optical fiber 3
based on the negative current. The photo-diode 22 receives
the positive and negative reference optical signals, and
converts them into corresponding positive and negative
current signals, respectively. The current-voltage

20 conversion circuit 21 then converts the positive and negative
current signals into corresponding positive and negative
voltage signals, respectively. After this, the reference
voltage output circuit 65 outputs the reference voltage V..
based on the positive and negative voltage signals. When the

25 absolute value of the difference between the value of the
positive current and that of the reference current is equal
to the absolute value of the difference between the value of
the negative current and that of the reference current, the
reference voltage output circuit 65 sets the average of the

30 positive voltage signal and negative voltage sigﬁal to the
reference voltage V,,. As in the previously explained
embodiments, the reference voltage V., is then compared with

the voltage signal.
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out puts sai d correspondi ng conpensation current; and [ a conpensatyj on
current-vol tage conversion circuit which converts said :Oﬁfm Jlgtég
current, which said conpensation photo di ode has outppt} i
conpensation voltage and outputs said ceppensation vo|tage;—— suchl tihat
sai d em ssion power conpensation circuit feeds said cpnpensation voltage,
-whi ch sai d conpensation current- vol tage conversi on ciTTUtas—outptrt
back to said | screrth vembogiment dof cflze cpresent r bmvesoionewill 16e An

optical si ] SS1.0n. apparatus conpri si ng: a_laser, driver for
anpl | 1yi ne L aAeT LEE] S SPRRE ¢0 EEETIAD 0 ene oEptRiShnoAtHER: o
source whighcIndlpul® BS EorigéSf & Co CAIrT£8dr AP eSEréHed PropRILi easef a

maxi mum current value of sajid electrjic signal; a |l aser diode which
out puts arf oPEPREIRG FEFCalE &0 stantrstriedrance Teyns Hasedenerating

el ectrisc si gd¥edditke voltage V. to the receiver side LSI 2. Wwhen

parallel optical signals need to be propagated, in order to
synchronize all the signals, a system which propagates a
clock signal together with the data (optical signals) is
available. 1In the present embodiment, the reference voltage

10 V.. is generated using this clock signal. In what follows,
the operation of the present embodiment will be explained.

The laser driver 62 amplifies the data signal, which is

an electric signal, and the clock signal, and outputs them to
the laser diode 63. The laser diode 63 outputs an optical

15 signal and based on the electric signal. 1In addition, based
on the clock signal, the laser diode 63 outputs a binary
reference optical signal that corresponds to the binary
output of the clock signal. The optical signal and binary
reference optical signal are sent to the photo-diode via the

20 optical fiber 3. The photo-diode 22 receives.the optical
signal and binary reference optical signal, and converts them
into a corresponding current signal and a corresponding
binary reference current signal, respectively.

After the current-voltage conversion circuit 21 converts

25 the binary reference current signal into a binary reference
voltage signal, the current-voltage conversion circuit 21
sends the binary reference voltage signal to the smoothing
circuit 80. The smoothing circuit 80 takes the time average
of the binary reference voltage signal, and determines the

30 reference voltage V.. to be equal to this time average. The
period over which the time average of the binary reference
voltage signal is taken is determined so that the emission
power intensity of the laser diode 63 will not fluctuate by a

large amount due to heat during the period. In the present



said reference current, respectively; and a trangmjssi on side swijtg¢h
whi ch causes said | aser diode to connect selectively tio|sapd NO@E«OS8Iriiver
‘or said reference current source. 17. An optical signdl transm ssion

apparatus as clainmed in claim16, conpr23ding a pluralijty of~said 1aser
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drivers which output a plurality of said electric signals _in parallel.
18. An optical  signal propagation apparatus conprising: .
peéﬁodimé%t, éker%é%erencerﬁgltage'& ngs geﬁ%rated using a
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clock signal having a constant period. However, it is also
possible to generate a reference voltage V.. using a binary
signal that outputs a binary output with a prescribed duty
ratio. On the other hand, after the current-voltage
conversion circuit 21 converts the current signal into a
voltage signal, the current-voltage conversion circuit 21
sends the voltage signal to the comparator 24. As in the
previous embodiments, the comparator 24 compares the voltage
signal with the reference voltage V..

In the above-explained embodiments, in order to increase
the accuracy of the apparatus, it is desirable that the
characteristics variations of the laser diodes 12 and those
of photo diodes 22, which are generated mainly during the
manufacturing process, be adjusted. To accomplish this, for
example, the characteristics of the laser diodes 12 and photo
diodes 22 are measured. Based on the measurements, ﬁhe
driver currents of the laser diodes 12 are adjuéted so that
the outputs of the laser diodes 12 will become uniform, and
the receiver side gains of the photo diodes 22 are adjusted
so that the outputs of the photo diodes 22 will become
uniform. These adjusted values based on the characteristic
variations can be stored in, for example, an EEPROM or a
memory of a control circuit.

Fig. 9 shows an example of a reference voltage output
circuit 63 which stores and outputs the reference voltage V...
This reference voltage output circuit 63 has an A/D converter
71, a memory 72, and a D/A converter 73. The reference
voltage V,., which the current-voltage conversion circuit 21
has converted, is converted into a digital signal by the A/D
converter 71, and then is stored in the memory 72. The D/A
converter 73 then converts the stored value of the reference
voltage V.. into an analog signal. The reference voltage V..,

which has been converted into an analog signal, continues to
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sai d FdBer d9c 8howsr anptiear example of a reference voltage

output circuit 63 which stores and outputs the propagated

reference voltage V... This reference voltage output circuit
63 is an analog memory having a capacitor 81 and a
differential amplifier 82. First the switch 64 is closed,
and the reference voltage V.. is propagated. When electric
charge is accumulated in the capacitor 81, the switch 64
opens, and the reference voltage V., is output from the
differential amplifier 82 to the comparator 24.

As has been explained above, according to the present
invention, a reference current source for outputting as a
direct current reference current a current whose value
corresponds to a prescribed proportion of the drive current
of a laser driver and a reference laser diode which emits a
standard reference optical signal driven by the direct
current reference current are installed on the transmission
side. 1In addition, a comparator to which a voltage signal,
which corresponds to the direct current reference current
that has been converted by a current-voltage conversion
circuit, is applied as a reference voltage is installed. As
a result, even if the light intensity of the transmission
signal changes when the surrounding temperature, self-
generate heat, and power source voltage of the laser diode
change, the components of the changes cancel each other. 1In
this way, a parallel optical signal transmission apparatus
which prevents its timing accuracy from getting deteriorated
can be provided.

Furthermore, in the parallel optical signal transmission
apparatus, by structuring the laser diodes in the form of a
laser diode array, changes in the characteristic that are
caused by changes in the self-generated heat of the laser

diodes cancel each other. As a result, the changes in the
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In addition, in the parallel optical signal transmission
apparatus, by installing laser drivers and a reference
current source in the transmission side LSI together with
other logic circuits and by installing a current-voltage
conversion circuit and a comparator in the receiver side LSI
together with other logic circuits, a high density packaging
without any external circuit can be achieved, the amount of
power consumption due to signal transmission can be greatly
reduced, and the circuit operation can be accelerated.

Moreover, in the parallel optical signal transmission
apparatus, by jointly using an emission power compensation
circuit, the drive current-emission power characteristic of
the laser diode is further stabilized.

Although the present invention has been described using
its embodiments, the scope of the present invention is not
limited to these embodiments. Those skilled in the art can
add various modifications and improvements to the embodiments
of the present invention. It is clear from the claims that
such modified or improved embodiments can be also covered by

the scope of the present invention.



31 claim18, wherein said transm ssion unit has a plurality. of sald.|laser
drivers which output a plurality of said electric s|i REaLACHMENTaRREATE].
20. An optical signal propagation apparatus as cl ai t--ctar-m19 Wherein

said receiving unit has a plurality of said conpar rs ' are a
plurality of said voltage signals with zaid referen vgw?gég'ﬁﬁgperallel

WHAT IS CLAIMED IS: S
1. An optical signal transmission apparatus having a laser
driver for amplifying an electric signal to be transmitted
and an optical signal laser diode for outputting an optical
signal based on said electric signal, comprising:

a reference current source which outputs as a reference
current a prescribed proportion of a maximum current value of
said electric signal; and

a reference laser diode which generates a standarxd

reference light, driven by said reference current.

2. An optical signal transmission apparatus as claimed in
claim 1, comprising a plurality of said laser drivers which

output a plurality of said electric signals in parallel.

3. An optical signal transmission apparatus as claimed in
claim 1, wherein said laser diode and said reference laser

diode are structured as a laser diode array.

4, An optical signal transmission apparatus as claimed in
claim 1, wherein said reference current source outputs as

said reference current approximately 1/2 said maximum current

value of said electric signal.

5. An optical signal transmission apparatus as claimed in
claim 1, wherein said reference laser diode constantly

outputs said standard reference light.

6. An optical signal propagation apparatus comprising:

a transmission unit whic¢h converts an electric signal
into an optical signal and transmits said optical signal,
having:

a laser driver for amplifying said electric signal;

AN
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21. An optical signal propagation apparatus as clained i Farm-18;—whef ei n

sai d receiving ' a reference vol tage out put, ci Lt which
applies said rHI“IHrH[‘HmEWHBmt 0 said conparator. 2. %EM(!%?S s| gpal
propagati on apparat us- a® clai med in cl ajgfn 21, wherein|sai ceiyving unft

further has a receiver side swtch which causes said ffeference voltage {o
be input to said reference voltage output circuit when—sard-ctureft—--
vol t age conver @irowptiicali tsigmalutlases diodeemwdich woltpags saigk3 opsdcddti cal
signal pra (A parat us, _as.cl ainmed i.n_clai m:18, [ ol

transm ssi%%g%lldg’gfw SR isflﬁdetlaﬁzgtflﬁeﬁlg&%clal%ﬂﬁjc?xo s\g%%%rae%e?g%égegur rent
sour ce. has amplified;

a reference current source which outputs as a
transmission side reference current a preécribed proportion
of a maximum current value of said electric signal; and

a reference laser diode which outputs a standard
reference light based on said transmission side reference
current;

an optical fiber for propagating said optical signal;
and

a receiving unit which receives said optical signal that
is propagated through said optical fiber, having:

a current signal photo diode which receives said optical
signal, which has been transmitted through said optical fiber,
and converts said optical signal into a corresponding current
signal;

a reference current photo diode which receives said
standard reference light, which has been transmitted through
said optical fiber, and converts said standard reference
light into a corresponding receiver side reference current;

a current-voltage conversion circuit which converts said
corresponding current signal and said corresponding receiver
side reference current into a voltage signal and a reference
voltage, respectively; and

a comparator which compares said voltage signal with

said reference voltage.

7. An optical signal propagation apparatus as claimed in
claim 6, wherein said transmission unit has a plurality of
said laser drivers which output a plurality of said electric

signals in parallel.

8. An optical signal propagation apparatus as claimed in
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claim 7, wherein said receiving unit has a plurality of said
comparators which compare a plurality of said voltage signals

with said reference voltage in parallel.

9. An optical signal propagation apparatus as claimed in
claim 6, wherein said optical signal laser diode and

reference laser diode are structured as a laser diode array.

10. An optical signal propagation apparatus as claimed in
claim 6, wherein said reference current source outputs as
said transmission side reference current approximately 1/2

said maximum current value of said electric signal.

11. An optical signal propagation apparatus as claimed in
claim 6, wherein said reference laser diode constantly

outputs said standard reference light.

12. An optical signal propagation apparatus as claimed in
claim 6, wherein said transmission unit furthér has a
transmission side LSI which outputs said electric signal, and
said laser driver and said reference current source are

embedded in said transmission side LSI.

13. An optical signal propagation apparatus as claimed in
claim 6, wherein said receiving unit further has a receiving
side LSI which converts a comparison result of said

comparator into a corresponding original electric signal.
14. An optical signal propagation apparatus as claimed in

claim 13, wherein said current-voltage conversion circuit and

said comparator are embedded in said receiving side LSI.

(T
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32 optical fiber for propagatlng sai d optical si niﬁpl@d'a‘T Cétdlrg unit
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unit; emission power compensation circuit including:

=

a compensation photo diode which receives a portion of
an output light of said reference laser diode, converts said
output light into a corresponding compensation current, and
outputs said corresponding compensation current; and

a compensation current-voltage conversion circuit which.
converts said compensation current, which said compensation
photo diode has output, into a compensation voltage and
outputs said compensation voltage;

such that said emission power compensation circuit feeds
said compensation voltage, which said compensation current-
voltage conversion circuit has output, back to said laser

driver and said reference current source.

16. An optical signal transmission apparatus comprising:

a laser driver for amplifying an electric signal to be
transmitted;

a reference current source which outputs as a reference
current a prescribed proportion of a maximum current value of
said electric signal;

a laser diode which outputs an optical signal and a
standard reference light based on said electric signal and
said reference current, respectiveiy; and

a transmission side switch which causes said laser diode

to connect selectively to said laser driver or said reference

current source.
17. An optical signal transmission apparatus as claimed in
claim 16, comprising a plurality of said laser drivers which

output a plurality of said electric signals in parallel.

18. An optical signal propagation apparatus comprising:
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ﬁg&&%&gt in parallel in said step of outputting said electric

a laser driver for amplifying said
electric signal;

a reference current source which outputs as a
transmission side reference current a prescribed proportion
of a maximum current value of said electric signal;

a laser diode which outputs said optical signal based on
said electric signal, which said laser driver has amplified,
and a standard reference light based on said transmission
side reference current; and

a transmission side switch which causes said laser diode
to connect selectively to said laser driver or said reference
current source;

an optical fiber for propagating said optical signal;
and

a receiving unit which receives said optical signal that
is propagated through said optical fiber, having:

a photo diode which receives said optical signal, which
has been transmitted through said optical fiber, converts
said optical signal into a corresponding current signal,
receives said standard reference light, and converts said
standard reference light into a corresponding receiver side
reference current;

a current-voltage conversion circuit which converts said
corresponding current signal and said corresponding receiver
side reference current into a voltage signal and a reference
voltage, respectively; and

a comparator which compares said voltage signal with

said reference voltage.

18. An optical signal propagation apparatus as claimed in
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ansm ssi on _uni t onverts an electric sig I nto an optilcd
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optical signal that has been propagate hr ough sai d pptircat—fTber
conprising the steps of:

claim 18, wherein said transmission unit has a plurality of
said laser drivers which output a plurality of said electric

signals in parallel.

20. An optical signal propagation apparatus as claimed in
claim 19, wherein said receiving unit has a plurality of said
comparators which compare a plurality of said voltage signals

with said reference voltage in parallel.

21. 2An optical signal propagation apparatus as claimed in
claim 18, wherein said receiving unit further has a reference
voltage output circuit which applies said reference voltage

to said comparator.

22. An optical signal propagation apparatus as claimed in
claim 21, wherein said receiving unit further has a receiver
side switch which causes said reference voltage to be input
to said reference voltage output circuit when said current-

voltage conversion circuit outputs said reference voltage.

23. An optical signal propagation apparatus as claimed in
claim 18, wherein said transmission side switch is switched

periodically to said reference current source.

24. An optical signal propagation apparatus as claimed in
claim 23, wherein a period with which said transmission side
switch is switched to said reference current source is
determined so that a fluctuation of an emission power

intensity of said laser diode will not increase by a large

amount during said period.

25. A method for propagating an optical signal from a
transmission unit, which converts an electric signal into an

optical signal and transmits said optical signal, via an
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unit;

periodically outputting as a transmission side reference
current a prescribed proportion of a maximum current value of
said electric signal from said transmission unit;

outputting said optical signal to said optical fiber
based on said electric signal, and outputting a standard
reference light to said optical fiber based on said
transmission side reference current from said transmission
unit;

receiving said optical signal propagated through said
optical fiber and converting said optical signal into a
corresponding current signal, and receiving said standard
reference light propagated through said optical fiber and
converting said standard reference light into a corresponding
receiver side reference current in said receiving unit;

converting said corresponding current signal into a
voltage signal, and converting said corresponding receiver
side reference current into a reference voltage in said
receiving unit; and

comparing said voltage signal with said reference

voltage in said receiving unit.

26. A method for propagating an optical signal as claimed in
claim 25, wherein a plurality of said electric signals are
output in parallel in said step of outputting said electric

signal.

27. A method for propagating an optical signal from a
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correspondi ng positive current, and receiving said negdtfPLACKETEr SHER |
t hat has been propagated through said optical fiber and CONVErtTnygsai g
‘negative reference light into a correspondi ng negati vie jcu Qgﬁg\hﬁggaid
receiving unit; converting said corresponding currient s ﬁa Y Wi g
corresponds to said optical signal, into a voltage sijgna—i-n-sai-d..redei
unit; 33 34 generating a

ref erence voltage based on said

transmission unit, which converts an electric signal into an
optical signal and transmits said optical signal, via an
optical fiber for propagating said optical signal, to a
receiving unit for receiving said optical signal that has
been propagated through said optical fiber, comprising the
steps of:

outputting said electric signal from said transmission
unit;

periodically outputting a positive current having a
value that is larger than a prescribed proportion of a
maximum current value of said electric signal and a negative
current having a value that is smaller than said prescribed
proportion of said maximum current value of said electric
signal from said transmission unit;

outputting said optical signal to said optical fiber
based on said electric signal, outputting a positive
reference light to said optical fiber based on said positive
current, and outputting a negative reference light to said
optical fiber based on said negative current from said
transmission unit;

receiving said optical signal that has been propagated
through said optical fiber and converting said optical signal
into a corresponding current signal, receiving said positive
reference light that has been propagated through said optical
fiber and converting said positive reference light into a
corresponding positive current, and receiving said negative
reference light that has been propagated through' said optical
fiber and converting said negative reference light into a
corresponding negatife current in said receiving_unit;

converting said corresponding current signal, which
corresponds to said optical signal, into a voltage signal in

said receiving unit;
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reference voltage in said receiving unit. 28. A net 4g atlrg an
optical signal as clainmed in claim?27, wherein a plurla electrlc
signals are output in parallel in sald step of out putjt “aaLdMQLgctgld

si gnal . 29. An optical signal propagdti on apparatu conpr|5|ng a
transm ssion unit which converts an electric signal into-—areptiecal-signal

and transmts | I i ver for
anplifying saj%é%%%%? %aélééggggncgay5£§?$wueagg%n éogéce whi ch out puts

a binary cotpespdadimy popieses i derremt yandtsaid ocsarespasdéingdri ver; and

negative current in said receiving unit; and
comparing said voltage signal with said reference

voltage in said receiving unit.

28. A method for propagating an optical signal as claimed in
claim 27, wherein a plurality of said electric signals are
output in parallel in said step of outputting said electric

signal.

29. An optical signal propagation apparatus comprising:

a transmission unit which converts an electric signal
into an optical signal and transmits said optical signal,
having:

a laser driver for amplifying said electric signal;

a binary signal source which outputs a binary output
having a prescribed duty ratio to said laser driver; and

a laser diode which outputs said optical éignal based on
said electric signal and a binary reference light based on
said binary output;

an optical fiber for propagating said optical signal;
and

a receiving unit which receives said optical signal that
is propagated through said optical fiber, having:

a photo diode which receives said optical signal, which
has been transmitted through said optical fiber, converts'
said optical signal into a corresponding current signal,
receives said binary reference light and converts said binary
reference light into a corresponding binary reference
current;

a current-voltage conversion circuit which converts said

corresponding current signal and said corresponding binary

I



a |l aser diode which outputs said optical signal base¢g-er-sai-d--el-ectric.
signal and a binary reference |ight based on said bi naR§PidGEEakT SHEET pn

optical fiber for propagating said optical signal; apd aTeceivi ng
unit which receives said optical signal that is propigatg§ﬂ$@ﬁp§%% sLid
optical fiber, having: a photo di ode which recefvégs Sai'ttopt’cal

signal, which has been transmtted through said opti ¢ak—fi-ber,..convertp
said optical signal into a correspondiﬁggcurrent sighal, receives said
bi nary reference light and converts said binary referencetight—nto-a
COr r eSpPONQeFe raindal ¥urekteNeR oCHl WBNtage sighallah@Nla Winkage conversion
circuit which converts said correspondi ng current signal and said

cor r espondiefgrsnegr yoltage, respectively;

11111 111111 I@Esm%%%%hnchkﬁcuit which ocutputs a single-value

reference voltage based on said binary reference voltage and

said prescribed duty ratio, respectively; and
a comparator which compares said voltage signal with

said reference voltage.

30. An optical signal propagation apparatus as claimed in
claim 29, wherein said transmission unit has a plurality of
said laser drivers which output a plurality of said electric

signals in parallel.

31. An optical signal propagation apparatus as claimed in
claim 30, wherein said receiving unit has a plurality of said
comparators which compare a plurality of said electric

signals with said reference voltage in parallel.
32, An optical signal propagation apparatus as claimed in

claim 29, wherein said binary signal source is a clock signal

source.
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35 reference current into a voltage signal and a binary reference voltage,

respectively; a snmoothing circuit which.outputs a_single-value
fef erence vol tage based on said binary reference vol @@Q’@ﬁﬂw?ﬁ? weE
prescri bed duty ratio, respectively; and a conppr thqres
said voltage signal wth said reference voltage. ;
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OPTICAL SIGNAL TRANSMISSION APPARATUS AND OPTICAL SIGNAL
TRANSMISSION METHOD

ABSTRACT OF THE DISCLOSURE

A parallel optical signal transmission apparatus
suppresses a power source noise, a drift, and timing jitter
and drift caused by changes in temperature. The parallel
optical signal transmission apparatué has a reference current

10 source 4, which outputs as a direct current reference current
a current value that corresponds to a prescribed proportion
of a drive current of the laser driver 11, installed on the
transmission side and a reference laser diode 121, which
emits a standard reference optical signal driven by the

15 direct current reference current, installed on the
transmission side. A voltage signal that corresponds to the
direct current reference current, which has been converted by
the current-voltage conversion circuit 21, is applied as the
reference voltage V., to the comparator 24.

20
( Figure 2 )
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'O"aaio.”“‘J o) ' ed—TTITCchar 29, wherern
gf‘ﬁ)(él&fal W‘?“’%‘P“E’%ﬁ“ﬁ%‘f drivers which output a
electric signals|in parallel. 31. An optical signal

par at u al neg
tABSSI‘RwTEi conpar ators which corrpare a plurality of said

- Wt sard reference voltage in paralTer. 32 An optical
«propagati on apparatus as clained in claim?29, wherein said binary

gnal source is gpehORK GANRA TRANGRAISSION APPARATUS AND
3 OPTICAL SIGNAL TRANSMISSION METHOD

A parallel optical signal transmission apparatus suppresses a power source noise, a drift, and
timing jitter and drift caused by changes in temperature. The parallel optical signal
transmission apparatus has a reference current source (4), which outputs as a direct current
reference current a current value that corresponds to a prescribed proportion of a drive current
of the laser driver (11), installed on the transmission side and a reference laser diode (121),
which emits a standard reference optical signal driven by the direct current reference current,
installed on the transmission side. A voltage signal that corresponds to the direct current
reference current, which has been converted by the current-voltage conversion circuit (21), is
'— applied as the reference voltage Vs to the comparator (24).

Fig. 2.
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