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'OPTOELECTRONI C TRANSCEI VER MODULE LASER DI ODE STABI LI ZER AND BI AS
CONTROL METHOD Field of the Invention The present
invention relates generally to 5 optoel ectronic transceiver

nmodul es which utilize sem conduct or | aser di odes JUS96/10616
transnitting YQZ™Shd in particular to a power stabilizer and a
stabilization nmet hod for biasing the |aser diodes.

Opt oel ectroni c transcei ver nodul es provide an 10 i nterface between an
el ectrical system and an optical transfer medi um such as an optic
fi ber. Correspondingly, ~ nost opt oel ectronic transceiver

nodul es contain - electrical and optical conversion circuitry
for transferring data both to and fromthe electrical system 15
and the optical transfer nedium Normal |y, transceiver nodul es
‘use | aser diodes, whi ch produce coherent Iight for perform ng high

speed, data trg BROARTRE e&gﬁggmﬁ 0k 1d¥8nTrIZER
optical transfer madl um cawE eac aser |o e |s g% package

with optical power- noff® ﬁiﬁ exanpl e, the RLD 85PC.
di ode package by le\@_gm_.g_f__glg_mmmwnns both a | aser diode for

transmtting data and a g 929%99' 0<1%an£19§er@%995 po\ﬁﬁﬁe@f‘ﬂgo“tﬁg
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calibrated separately 1 n order .
transfer medlum such as an optic fiber. Correspondingly,

most optoelectronic  transceiver modules contain

electrical and optical conversion circuitry for

transferring data both to and from the electrical system
‘15 and the optical transfer medium.

Normally, transceiver modules use laser diodes,
which produce coherent light, for performing high speed
data transfers between the electrical system and the
optical transfer medium. Typically, each laser diode is

20 packaged with optical power-monitoring circuitry. For
example, the RLD-85PC diode package by ROHM, Inc.
contains both a laser diode for transmitting data and a
photodiode for performing power-monitoring.

The power-monitoring photodiode within the diode

25 packaging provides a monitor current I, which varies as
the optical power being generated by the laser diode
changes. Normally, the changes in the monitor current

. I, are directly proportional (i.e., 1linear) to the
changes in the optical power generated by the laser
. 30 diode. However, the ratio of monitor current I, with
regard to the laser diode's optical power can vary widely
from one diode package to the next. Therefore, each
diode package must be calibrated separately in order to
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- 2 - determne its specific ratio of nonitor current I[err]
to | aser di ode optical power. The primary purpose of
provi ding a nonitor current I[err] is for ensuring that, during

operation, the |aser 5 diode is within its |asing nod tion.
The PRI  ur rent whi ch nust be supplied to the |§EE&E%?@§§

to cause lasing is referred to as the threshold current I[err].
When the current being supplied to the | aser diode 10 is less than the
required threshold current I[err], the | aser diode is said to be
operating in the LED node. In the LED %ode, the current supplied
to the laser diode is only sufficient enough to excite atons in

t he | aser di ode's cavity which cause light to be emtted in a 15
manner simlar to that produced by light emtting diodes (LEDs) .
When the current being supplied to the | aser diode reaches a | eve
which is either greater than or equal to . . the .threshold current
I[err], the |aser diodetermipecitficyreshiic ratieoplcrPRhiPel etretalIa to
current into light wi hhsbfcaeds® optical podteamatically and thus the |aser

di ode changes fromthe LED mode_ of operagi . h | Epﬂgj f

operation. - VW‘?ep’{/le{ﬁrgu§u5P§§§e§§ﬁ%@?&%%d%ogggfg\n&?Igc ave e

threshol d currents inIihéssdier @ndng fhps, thwingpperatippesidied laser

Eurrent I I[err] h@anhst hlﬁbldgaws cw&ﬁﬁ?rablsy 1efiwgenode of o?éﬂée:[oxdj odeFhe
or exanple, the threshold current, of, sqme s aser. _di

can vary by as nuch aBiPHpgg) current Wth%F TBSE }Beet?/\%)gtr]f'ylg ﬁetlzé) ttl-lf ﬁggﬁgaﬁgg&

maxi mum val ues. to cause Rsingrimprefenned thecas 44w thrgghold current

operating in 30 Ihne | asing node, there is a characteristic slope that

t . . . .. :

L2 commont y ke Cn"coe, mibent B Peler 31505 bR $h8"ThabF aloae
defined as theilati o dfs t¥essshtimgh nghen nelquirgderthgeshield current Iwp the
97/ 05676 laser diode is said to be OBGIQH§%§G}QQ¥§ LED mode. 1In
the LED mode, the current supplied to the laser diode is
only sufficient enough to excite atoms in the laser
diode's cavity which cause light to be emitted in a
15 manner similar to that produced by light emitting diodes

({LEDs) . '

When the current being supplied to the laser diode
reaches a level which is either greater than or equal to
the threshold current I,,, the laser diode's efficiency

20 of converting electrical current into light will increase
dramatically and thus the laser diode changes from the
LED mode of operation to the lasing mode of operation.
While various classes of laser diodes will have
threshold currents in the same general range, the
25 threshold current I, can still vary considerably between
laser diodes. For example, the threshold current of some
types of laser diodes can vary by as much as fifty
percent between their typical and maximum values.
Furthermore, when the laser diode is operating in
30 the lasing mode, there is a characteristic slope that is
used to determine the laser diode's output efficiency n.
As commonly known in the art, the output efficiency n is
defined as the ratio of the changing in the laser diode's



- 3 - optical output power in relation to the changing in the
operating current while in the | asing node. However, as with the
nonitor current I[err], the actual output efficiency [err] varies
fromone | aser diode to another. 5 Based on the variance in the
nonitor current L&;rr], t he t hreshol d current I[errhkaﬁﬁg ﬂﬁﬂ&“t
efficiency [eW® 6%ach | aser diode, the operating C it range
for a given | aser di ode nust be calibrated in order to ensure that
the | aser diode will always be operating within the 10 | asi ng node
while transmtting data. - The primary nethod of ensuring that a

| aser di ode Wll remain in the lasing-mbde is to provide the diode
with a sufficient bias current. In addition, the |aser di ode is
normal Iy supplied with a second signal which is 15 superi nposed onto
the btas current and corresponds to the data signals to be
transmtted. Thus, the data signals are optically transmtted by

t he nodul ation of the |aser di ode's optical power output which is
caused by the opbpeal npakiHy pewerhdndaebaighdlos thet 6hapging &g the

current. 20 Typi Beékatiﬂddﬁ%ulﬁaﬁt G 1R napgle {1 914D AOUBPOSREWSHSH, as
signal are generally referre

to.,as the | aser diode's opgratin
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t aken to enswr garhes fiem mme rhasevadiede ote Gmedderby 25
superinposing the data sigggksy UM @nkhGaPi@ceCYhl €8¢ m¥rlikor current Q! the
cause the | aser dlodekiépp%rgtln% curfe t to faIIt ¢ effi bel ow t% ch
required threshol d cutPERSIPEIe CUFFEPT ] I | PR QUEPUL effigloncy § ffe'%@
operating current falllaseel ciodes rtdguiopstating currehteghobd dorr éntgiware|
I[err], then as indicated aR%ge ﬁustSQe_calfﬁ%éﬁé@eihooEaéﬂsﬁbteﬁEﬁﬁéVﬂﬂdt

occur because the | aser di ode | revert to the LED node of
oper ati on. the | lasemi f’?‘Bﬁ‘? H&#d@&wﬁgf §6i n°d)eoré'lltd\ﬁgt H”é‘eclhﬁf‘es%ﬁ d
current |evel, tthe opdratinggmoderentlentstansindsthng data. WO 97/ 05676

PCT/ US96/ 10616 The primary method of ensuring that a laser diode

will remain in the lasing mode is to provide the diode
with a sufficient bias current. In addition, the laser
diode is normally supplied with a second signal which is
15 superimposed onto the bias current and corresponds to the
data signals to be transmitted. Thus, the data signals
are optically transmitted by the modulation of the laser
diode's optical power output which is caused by the
superimposing of the data signals onto the bias current.
20 Typically, the bias current and the superimposed data
signal are generally referred to as the laser diode's
operating current I,.
As indicated previously, great care must be taken
to ensure that the maximum variation caused by
25 - superimposing the data signals onto the bias current will
not cause the laser diode's operating current to fall
below the required threshold current level I,,. If the
laser diode's operating current falls below the required
threshold current level I,,, then as indicated above, a
30 failure to transmit data will occur because the laser
diode will revert to the LED mode of operation.
In addition, besides not going below the threshold
current level, the operating current must also be:



mai ntai ned at a sufficiently high enough |evel that a recei ving
phot odi ode can detect the nodul ated |ight signal. Furthernore, the
| aser diode's operating current must not be allowed to go so high
as to burn out or 5 significantly reduce the useful life of the |aser
di ode. Normal |y, transceivers use an anal og feedback | oo
coupl ed to a MY@A7€al potentioneter for manual ly TSP 814 he

| aser's output power. The optical power is set by adjusting the
reference voltage for the analog 10 f eedback | oop, via the nechani cal
potentioneter, until t he desired anmpbunt of optical output power is
achi eved. The use of a mechanical potentioneter for setting

t he out put power | evel presents nmany problens due to the el ectrical
characteristics of |aser diodes. For exanple, 15 as indicated above, a
| aser diode will be destroyed if Its optical output power exceeds a
certain limt. However, accidentally exceeding the | aser diode's
power limt by trying to set the bias current is generally

qui te easy since |asep,dhedeSedYRECa! L¥ir BN Eord MEIi G AMRUGHD leve10RHAEAla
output efficiently slope [err] once thoxeare | node .0

] n_the | asi n f
operation.  Thus, |o¥8681%1R3RhnERE can debRey B?eadf]@laﬁgdt hetght
cal i bration potenti omstgnal oo Furthermoxp)i theylasexCaliodspsnubargiting therent

setup procedure for p,se notCabd PEPIdH |@5€60 d59d3§gquge'@3r Y e or

consum ng and 25 expensi ve since extrene care nust be used 1 n setting
t he out put pofRER{firaptiyc Redvc thsoPeRt tbEtis of the laser digggs
met hod proposed for sol vi n§othal by ollramscefivers use druranadobas$eedidackiekodrs
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the desired amount of optical output power is achieved.

The use of a mechanical potentiometer for setting
the output power level presents many problems due to the
electrical characteristics of laser diodes. For example,

15 as indicated above, a laser diode will be destroyed if
its optical output power exceeds a certain 1limit.
However, accidentally exceeding the laser diode's power
limit by trying to set the bias current is generally
quite easy since laser diodes typically have a very sharp

20 optical output efficiently slope n once they are in the
lasing mode of operation. Thus, losses are commonly
caused by adjusting the calibration potentiometer too
quickly. Correspondingly, the setup procedure for
calibrating laser diodes is generally time consuming and

25 expensive since extreme care must be used in setting the
output power via a mechanical potentiometer.

One method proposed for solving the problems of
tuning laser diodes is to use a programmed digital
controller as set forth by U.S. Patent No. 5,019,769

30 which is incorporated herein by reference. The digital
controller is used to measure the laser diode's operating
characteristics and to control the process of turning on
and selecting the operating parameters of the laser



di ode. However, the use of a digital controller is expensi ve,
consunes additional power, and occupies an I nordi nat e anount of
circuit board real estate. Thus, the use of a digital controller is
adverse to the wave 5 of i1 nexpensive, |ow power, and mniaturized
circuitry which is required of today's electrical products
Furthernmore, WRIWS&6of a digital controller in the 6§HF?8VM1oop
(1.e., power stabilizer circuitry) of the | aser diode results in
adjustnents to the laser bias 10 current being made in only
certain discrete tine intervals, with the tine intervals being
defined by the operating speed of the_dfgital controller and its
software al gorithm Accordingly, the use of a digital controller
cannot i mredi ately conpensate for power 15 fluctuations which may
occur*in the optical power out put of the | aser diode due to power
spi kes, noise, and ot her variations in the system I n
view of the above, it is an object of the present . invention to

provi de an optoel ectrgnbgel r angsriveer, \Péﬂecmséoof a IRLENYS op@WBller is
stabilization and a stablllzatlo net for effici gtu%c%|a5|n%n
i S

the operating current *885PPT & Consumeﬁ additional,poysr, " a ples
anot her obj ect of theippedénate nameuritorpf circuit boprédveeal tertatest r Jdwnisen

of -a | aser diode duri eae d48e of Gakhigiedl %ﬁrotmerouépslav@@y@rto the wave
It is still another gect of the gre ent _invention c,orowde a

cost effective and auP et ed PSR °w'p°wer's%¥%c?f9&f%?ﬁ§ﬁﬁ SRR
supplied to a | aser diWbdeh is quulred OfAt¢d§Yh%ﬁﬂ@Mt§@Faéfp:h@u@#%sent

invention is to 30  preyideermdreEeRS udelbs Hi '1&91 dont2§Eler GirPdGe
such | aser i ode bi asPRBEEOL 1908 115, A AHe RAPLRLFEBLT LT P ing? the
present invention is laser diode® 9es036%6in adjustments to the laser bias
PCT/U§96/10?12ﬁ0 current being maﬁ? in only cer®ain dlscrete ﬂﬁhe
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fluctuati ons whi ch mapperatingocspged nofhethgt iddgitpdbwerordinodderof and| dder
di ode. software algorithm. Accordingly, the use of a digital
controller cannot immediately compensate for power
15 fluctuations which may occur in the optical power output
of the laser diode due to power spikes, noise, and other
variations in the system.
In view of the above, it is an object of the present
invention to provide an optoelectronic transceiver which
20 employs a power stabilization and a stabilization method
for efficiently biasing the operating current supplied
to a laser diode.
It is another object of the present invention to
prevent the destruction of a 1laser diode during
25 calibration of the output power.
It is still another object of the present invention
. to provide a cost effective and automated means for
selecting the bias current supplied to a laser diode.
A further object of the present invention is to
30 provide a means for biasing a laser diode while
minimizing the amount of circuit board space required for
such laser diode biasing.
A still further object of the present invention is



5 Furthernore, other objects, features, and advant ages of

the present invention wll be apparent fromthe follow ng detail ed
description taken in connection with . t he acconpanyi ng draw ng.
Summary of the Invention 10 In one formof the invention, a power
stabilizer is provi ded for maintaining a constant power |evel froma
| aser transmi WQP70567fhe | aser transmitter has a | aser PCR/OW6/198¢ ch
produces an optical output which corresponds to the level of bias
current received. In addition, the 15 | aser transmitter has a
phot odi ode whi ch produces a f eedback signal which corresponds to

t he optical output power being produced¢ by the | aser di ode.

Furt her nore, t he power stabilizer consists of a digitally
controlled potenti onmeter for producing a reference input signal and
20 an op-anp for conparing the feedback signal with the

reference input signal to produce a control signal to supply bias
current. In a further enbodi nent, the invention also |ncludes

a bias current drive {g ?}%xﬁtd%r Wg'tﬁﬂlé%@éﬂsesfotl’ ﬁﬁg%as. dlodgql?]e cor?t when

the control signal rol
signal may be filtered by ARPther object cofc fhe oPrgpentt dgivension is to
In addition, the inveithedialely ponpetdeaté ofor power fludet&otbrd which may

mat nt ai ni ng a constan 0 ; ON&Y o] ‘
transmtter wherein t%%é"%?é]r Q&’rea%éw%?gr er_ %Qltpﬁgsgrfag] ?%ésééére&lcﬁdc?d and
a photodi ode. 5 The | asdiurthermore; othex phigcts,| f8aburgpdang: adiatages

opfical output of paher plesdntcoinespoinis Wwoll heel emedasdntbi 8ot ukhent
WO 97/ 05676 PCTLIS964 10 . .
-7 - re%o%loﬁfng detﬁllggdd?scrlpt% i ta ?(Jaseér'1Jr ?reu%ﬁﬁ qﬁéﬂlgh
phot odi ode produces at$%éﬂ§é@@a§wgﬁaldﬁﬁVé%Bcorresponds t o anount

of optical output pow&mmmggggggthhyIhhgntﬂcﬂr di ode. Based on the
above, the methgd consi St'ﬂ? s féﬂ':%n of 5che né&ﬁéi&xgoau Swelk CSLSH

a digitally controlle er to pr are erence |nput

signal at a - saéeﬁ%d viRx awnté;@qmgaﬁdceeitqurg evels fa@Bacdk
signal with the refereaseri ppatismitgienl. t OTHY OTh & ransmitte@ORaEO0la iageal

to supply bias Curren&iéééi%ﬂi%ﬁeﬁrggégg% an optical output which corresponds
to the level of bias current received. 1In addition, the
15 laser transmitter has a photodiode which produces a
feedback signal which corresponds to the optical output
power being produced by the laser diode. Furthermore,
the power stabilizer consists of a digitally controlled
potentiometer for producing a reference input signal and
20 an op-amp for comparing the feedback signal with the
reference input signal to produce a control signal to
supply bias current.

In a further embodiment, the invention also includes
a bias current drive transistor which supplies bias
25 current when the control signal is received. In
addition, the contreol signal may be filtered by an RC

circuit or an integrator.
In addition, the invention also provides for a
method of maintaining a constant level of output power
30 from a laser transmitter wherein the laser transmitter
has a laser diode and a photodiode. The laser
transmitter's laser diode produces an optical output
power which corresponds to the level of bias current



10 Addi ti onal features and advantages of the present

I nvention are described in, and wll be apparent from the detailed
description of the presently preferred enbodi ments and fromthe
d?amﬁngs Brief Description of the Drawings 15 There is
shown in the drawings a presently preferred enbodi nent of the
present i nvenwanteséiberei n |i ke nuneral s in the variF6G&SPYYBH0es
pertain to |ike elenents, and wher ei n: FIG 1is a
functional block diagramof a 20 transcei ver nodul e; FI G
2 is a detailed schematic circuit diagram of an AC driver and a

| aser transnitter constructed in accardgance with the present

i nvention; and FIG 3 is a detailed schematic diagramof a
power 25 stabilizer constructed in accordance with the present

I nventi on. Det ai | ed Description of the Preferred Enbodi nents
Referring to the drawi ng, and particularly to FIG 1, a functional
bl ock di agram of a transceiver nodule 10 30 is depicted with an AC

drivet 12, laser transgidi®éa.l4, 1In addlmmr sitadi | lasyr 16 raopicakr's
receiver 18, signal det ect 1y ha e
; eh Oéi& gﬁ]ogugeﬁg? efa %%k SESSS%I Ca %?ch\yrtegk:BnE\g

functional block
i ndi vi dual WD @587 @f optical output power produced by the laser

PCT/ US96/ 10616 diode. Based on the above, the metho&3con51st1ng of: (1)
circuits which collectivel

orma ,single fu ctlon l.ngl
line (for exanpPe, "dﬁfﬁt?%% th?o 19 SAG %8F|ve? dlglﬁ. Ya E%&% %%%gfg a
set of sinilar electrpoténtbometay dits produce aorefepeRts NEHQH1S%SPPéc?FVéIy

performa single fU“CL?Q&flé voltdfe (e tana g baxhpsﬂiﬂgeqineorfeéfdbdaka
Fromthis | eve

descript.lon t woul d. he .cl ear {0
ordinary skill in theSigpal a#F%ﬁ B@Fh ?ﬁ NGFe 1nPut Sl%PeC| ?gduce @
drawi ng, and cl ai m5 hepetnol heignad ¢9k§UPp1Y bla%uﬂﬁﬂ;@@tth@ ?nb%ﬁﬁﬁtﬁiOde
W t hout undue ggperi ment atA@ditidthl featuresTBfdAGddanvsged of |Hsepresent

transmtter 14, and p?%%éPtlo S&éﬁ%élﬂ@a’1£6 shawlih D 5é %faﬂgﬂﬁ”f@%mihe

el ectrical -to- o) tfréE§£¥éa

Ica conv rS|on rCUI r equi
dat a from an éPéct‘??‘@oﬂ e SERFT nop?# c%’Pe q%ﬁf'

embodiments and from the drawings.
Brief Description of the Drawings

15 There is shown in the drawings a presently preferred
embodiment of the present invention, wherein 1like
numerals in the various figures pertain to like elements,
and wherein:

FIG. 1 is a functional block diagram of a
20 transceiver module;

FIG. 2 is a detailed schematic circuit diagram of
an AC driver and a laser transmitter constructed in
accordance with the present invention; and

FIG. 3 is a detailed schematic diagram of a power

25 stabilizer constructed in accordance with the present
invention.
Detailed Description of the Preferred Embodiments

Referring to the drawing, and particularly to FIG.
1, a functional block diagram of a transceiver module 10

’ 30 is depicted with an AC driver 12, laser transmitter 14,
power stabilizer 16, optical receiver 18, signal detector
20, and data receiver 22. Within the functional block
diagram a single block may indicate several individual



The AC driver 12 receives data input, in the formof 15 el ectrical
signals, and supplies a correspondi ng data signal to the | aser
transmtter 14 for transmttal onto the optical transfer medium
Furthernore, the |aser transmtter 14 receives a bias signal from
t he power stabilizer 16 and transmts a corresponding nonitor 20
(ih.e., feedb¥OFOGFbgnal in order to keep the |aser PCTfUSPEIIG er 14
wi thin the | asing node of operation. Turning to the portion of
t he transceiver nodul e 10 whi ch provi des for

optical -to-el ectrical si gnal conversion, the required
circuitry consists of the 25 optical _receiver 18, signal
detector 20, and data recei ver 22 which are of standard
construction. The optical receiver 18 is used to receive data
signals, in the formof optical signals, froman optical transfer
medi um The optical signals which are received by the 30 opti cal
receiver 18 are converted into electrical signals by conventiona

neans such as a_phot od) oder. T Qi I ect ively PEEALAETa 140NN AfARSHLLS

the electrical signals ecel ver né
det ect or 20. a\@dyrgieotiyg (for example, "data input” to the AC drlver

PCT/ US96/ 10616 . 12) may indicate a set of similar- electrical connections

Furt hernore, the el e%f;é;a;}nas.t.'ﬁg@%'ﬁhr tggﬂé/gpnpe\da} ?’%rf%v\ﬂ cthA nal umttect or

20 are used to rovi de ica
optical power i suff?éléﬁﬁnsmlt a Sﬂﬂl&PFoﬁpﬂé¢Cb$@me¢fdé@b%t|oﬁréﬁdthls

conversi on of optlcallevél of stgfetipiitng elecwbutal LAt 818xrt ke one of

[ K h | b h
E;anscelvera}g proces%e%ké%fyﬁfa 3#12%%8 @%Sd%igegﬁ?gufy %ﬁfﬁ?éga.ggc%hver

formof electrical sigped¢ification, drawing; ngedtechanbueihareimdliors tar aakel |

known in the art, 10ang udl® tHe tikeeneXshanattrud %nQﬁ@Véﬂﬁélrﬁﬁeﬂm:Lon
ei ver circgcui uired to

circuitry or met hadol o e tra e
convert opticaf®signals |ﬁﬂﬁaéﬁgd$#%Yﬁﬂ g gﬂéF?r Transmitiqn, s 4 nd Power
conversion of el ectristdbsligeal 36i shawn in FIG. cﬂnpnmahdelghalsle¢tzﬂnamﬂi@ﬁce

with the present 'nVGB tP@al 1§onveré1%nf LHitr'&%&tQ SEéﬁfolecPe&&V’éransfer data
Turnlng to FIG 2, f{ referred epbodi nent

of the C
required for the AC d a"lféeﬁﬁﬁl‘ﬁﬂe SvzLer ’to an °ptliF§ﬁsﬁF??%£ I&*qlé"‘m
depi cted. The AC drivBheldZ idriyeowl2 receives data input, in the form of

15 electrical signals, and supplies a corresponding data
signal to the laser transmitter 14 for transmittal onto
the optical transfer medium. Furthermore, the laser
transmitter 14 receives a bias signal from the power
stabilizer 16 and transmits a corresponding monitor

20 (i.e., feedback) signal in order to keep the laser
transmitter 14 within the lasing mode of operation.

Turning to the portion of the transceiver module 10
which provides for optical-to-electrical signal
conversion, the required circuitry consists of the

25 optical receiver 18, signal detector 20, and data
receiver 22 which are of standard construction. The
optical receiver 18 is used to receive data signals, in
the form of optical signals, from an optical transfer
medium. The optical signals which are received by the

30 optical receiver 18 are converted into electrical signals
by conventional means such as a photodiode. The optical
receiver 18 then transmits the electrical signals to both
the data receiver 22 and the signal detector 20.



to consist of a differential receiver U4 for receiving 20 el ectrical
data signals at the differential input termnals |abeled TD+
and TD-. Li kewi se, the differential receiver W supplies a
data signal to pin 1 of the | aser diode U2 which corresponds to the
| ogi c | evel s supplied to the inputs TD+ and TD-. Both of the 25
differential wops§’é TD+ and TD- are provided wth PCT“Eﬁ’ff&qﬂ%g
capacitors C7 and C6, respectively, which provide for the AC
coupling of the input signal paths associated wth t he
differenti al receiver U4. Furt hernore, each of the input signal
paths to W are 30 connected to resistors L0 and R11, respectively,
whi ch have their opposite ends connected to a grounded
capaci tor Cl4. Both the resistors R10,Rl1 and the capacitor Cl4
provi de for AC term nation of the input WD 97/ 05676

PCT/ US96/ 10616 - 10 -

signals TD+ and TD-. As previously indicated above, the
diffefential out pupsrOferdnieedi fhernideal chBCaighan sUteas Svad o dak
by pins 7 and 6. Pin 6 of the differentj al recei yer U.1s (gg
connected to resistor S*R23LaARLRBERN A r%ﬁﬁsﬂ%ﬁA %@ BEPKYAe a sign3} detect
ground and resi stor Rbatpbetnghicrdindicetgsowhdsdoptical powapatst swffiszierite

resistors R13, R6 and t.Re ¢3paCtiPpidber detectPbRVARE dotfvelBSoR 8PEptical
term nation of the 5|gnaF ransmtt f the differ

receiver WM. 16 Ré§P§fL5rsi"1§i’2t%\+ﬁ1°tF¥ll§a§So€%/‘ij£| ﬁ§2§g§arqu9138%t]|tﬁaﬁl

t he U4 out put S.ikewise, the si@nalespeoceiivegl by pha dabé tréeeiver 22
differential receiver ehiS £62NReShefi b9 oh &S ¢ Rr@d an tn
capacitor Cl0 with are Fufﬁﬁggfﬁefgengs o? %oth the resistor 'R5 anélthg
capacitor 15 c10 fsemngf elegt¥irahpH@™@dS-C9.  Furthernore, the
opposite end of the capaci sanc&€xnansiceddet omddvd eanacke wefll known int hbe| aster

di ode U2. The ﬁﬂﬁbina9h§”f¢?ﬁyg§ze&%gangegoﬁxﬁs providedPb®ViHeSciPluftry or
term nation i npedance matched with t he

out put pin 6 of the,
differential receiver MGFhosd@logy e tho tran%??%ﬁﬁ%t?{%FQﬁtﬁﬂuf?ﬂﬂﬁﬁig to
signal transnitted by qunvekt opticalThesigmiadsuatinge oklebbricabut ssgumbs.
provi ded by pin 7 Convellded¥s fidle tdnvddisdoni GRale1bLPECSUPSIHOSIS | Diesl

on the bi as current as,descrtbed furéher herelqlwhl e sleI .
. optical signals in accordance with the present invention

15 is further described below.

Turning to FIG. 2, the preferred embodiment of the
circuitry required for the AC driver 112 and the laser
transmitter 114 is depicted. The AC driver 112 is shown
to consist of a differential receiver U4 for receiving

20 electrical data signals at the differential input
terminals labeled TD+ and TD-. Likewise, the
differential receiver U4 supplies a data signal to pin
1 of the laser diode U2 which corresponds to the logic
levels supplied to the inputs TD+ and TD-. Both of the

25 differential inputs TD+ and TD- are provided with
blocking capacitors C7 and C6, respectively, which

. provide for the AC coupling of the input signal paths
associated with the differential receiver U4.

. . Furthermore, each of the input signal paths to U4 are
30 connected to resistors R10 and Rll, respectively, which

have their opposite ends connected to a grounded
capacitor Cl4. Both the resistors R10,R1ll and the
capacitor Cl4 provide for AC termination of the input



provi di ng adequate optical power nodul ation without 25 causi ng the

| aser diode to revert to the LED node. Furthernore, the capacitor
C9 provides for decoupling of t he out put signal provided by W so
that only the AC conponent of the data signal wll be provided to

t he anode of the |aser diode U2. 30 Al so conn % to the
anode of the W8J2056d¢ ode U2 is a bias current signal C"Ir’rU 'ﬁ & power
stabilizer circuitry 116 shown in FIG 3. The bias current signal,
as descri bed above, consists of a variable current which WO

97/ 05676 . PCT/ US96/ 10616

- 11 - ensures that the | aser drot@® U2 will continuously

oper at e in the | asing node of operation. The power stabilization
circuitry 116 is used to generate the bias current signal as

descri bed further herein. In addition, the power 5 stabilization
circuitry 116 requires a nonitor current signal (i.e., feedback)
fromthe laser transmtter 116. Correspondi ngly, as indicated
above, both the | asersiirades TD+ and BRd.the phot odi ode shown in FIG 2 are

provi ded by U2. The ¢ EQ@ﬂ&ué’f t DRal &seda daedee) StheedilfFedeauidl
along 10 with the anode4£ Eggtodlo USy t@f reverse

bi ased phot odi ode U2 FE-RES b of FFS?lv r afﬁuﬂﬁﬁ%?@?ﬁgh&l
(i.e., feedback signabing 7 tamel powePin 6 of thet aliififerentital cxedaiywer1®4 is

Referring back §0 Fl Gomeckedetdl i—@éis"t‘b&@”ﬁiis Gandl Ré6 wztﬂ'f‘&éfé‘ﬂorprG Being
power stabilizer 116, onstructg

accordanc
present invention is PrSitGed and resistonRdd gﬁﬂﬁg Q %%\ﬁegrounded
stabilizer 116 nonit ocapadiéor C8. Thé(aedbatdxsuagﬁaRGpand|thzi¢gpadm£or cs8

phot odi ode U2 and thusyoyige foﬂoreﬂucegr%p&f)rr&%&aﬂqhmenb'@e G el ghQl

the | aser diode 20 U2.  As shown in ower, stabili zer 116
uses an oper BE3RAMILHAD % PiW §iok. thaoﬁ? ntigd gecedver U
configured to mperateRési@tdishRgh gnﬂrnnilﬁievfd&naecessary pmhblddwnﬂqf the
nonitor the feedback F’tgge output of the op-anmp U7 is used
to provide a correspondln gnal which controls the bias current
supplied to the IQﬁﬁﬁeSBPBGEHQkH Phbs7 ohdher HALEarpRuEiab tessd vor
the op- anp vecieaptfectd® td asresisto RSoahdea |@pacidbpdel Wivith
wi Il be increased. L'%ﬁ%“é%%ar“@ﬁﬁst$¥*6B#EDHLeV§%§f§¥%rO§5 and the capacitor
15 Cl0 being tied to capacitor C9. Furthermore, the

opposite end of the capacitor C9 is tied to the anode of
the laser diode U2. The combination of R5, €10, and C9,
provides for a termination impedance matched with the
output pin 6 of the differential receiver U4 and for the

20 attenuation of the output signal transmitted by pin 7.
The attenuation of the output signal provided by pin 7
allows for the data signal to be superpositioned on the
bias current as described further herein while still
providing adequate. optical power modulation without

25 causing the laser diode to revert to the LED mode.
Furthermore, the capacitor C9 provides for decoupling of
the output signal provided by U4 so that only the AC
component of the data signal will be provided to the
anode of the laser diode UZ2.

30 Also connected to the anode of the laser diode U2
is a bias current signal from the power stabilizer
circuitry 116 shown in FIG. 3. The bias current signal,
as described above, consists of a variable current which



the op-anp increases, the bias current to the |aser diode 30 U2 will
be reduced. Attached to the non-inverting and inverting

i nput s of the op-anp U7 are resistors RL and R17, respectively.
The opposite ends of resistors Rl and R17 are tied to a

97/ 05676 PCT/ US96/ 10616

- 12 - WO097/056762. 5 vol t age reference which is provi dedPSeHW6I6eyer se
bi ased reference di ode U3. Al so attached to the inverting

i nput of the op-anp U7 is the nmonitor current signal (i.e.

f eedback signal) 5 fromthe photodi ode U2 along with a capacitor Cl
whi ch Is tied to ground. The capaciton1Cl provides for the

renoval of the nodul ated signal current provided by the

differential receiver U4, via capacitor C9, and al so provi des for a
"soft* start” in supplying bias current to 10 t he phot odi ode U2 during
initial power on. Thus, after : power on, capacitor Cl ensures that
the op-anp U7 wll only respond to changes in the bias current and
thus the capaehb@fesknagmenesidida af baetuniwillhecdit micusdn cfeddre

optical signal detected %%nggﬁ%ngnﬁ‘gg% &h%égg%& U2The1;§ower Stab}‘i:lllz cfloc?e

Furt hernore, since t h&"f oto
U2 will cause a vol tagermﬂbipf}aé-rlésés Risied to geﬂeractf?etbés}i’%%%rcuﬂf?nﬁrﬂﬁq?é
+2.5 vol tage referencgsmdyg%ruged furthe@rﬁétdﬂna mEan addit iganende nower

f eedback i nput I gha rt| t he lL.ch
cor r esponds % tgtﬁﬁélﬂ'éegfo%f c:f% aré'kqgggleénerﬁ" gL% 8 ﬂgr?lﬁs? %JE r\é,!‘ht
U2: Li kewigsel &itecheteadbacke ﬁgﬂmmrltaswg Fﬁﬁ9§m9¥tQ#1e115
op-anp U7 is the wi peto&?éﬁﬂ:&@hn\é\ﬂ&ﬂ a$. :mcﬁ'c@té&l &ove, both the dagbtadidde

Feferance i hout 'si gnaPrfosydhprgtigde Shofy 19 £rg. 21888 pEBVLRETNF U4 @
op-amp U7. Also capaditteorcaczlode of thej $asenrdiads] itso tird &p- grpund along
non-inverting iygput. kRS the anode CéPaEhé OphHf &¥istles r'ﬂiﬁ enese dioferse

noi se from being | fi e, op-a

enbodi ment , H‘T@scﬁdgn&é tﬁfﬁt%%/ [%%]I &3 Bgngn%or#e fa%GQ%ﬁ;«ra’g rgls Hs
a 30 resi stor arquayemti cHigmedsi ét seof ége‘ﬁ*é%qkstﬁ%/‘én%“enﬁﬁt sthe power
with tap points being diagatedebetypori @achTeRsi stive el ement and

accessi ble by the w per. o] iog of t
control | ed by the chi p Referring bac]; &d ?ié % Hgté{\if&{ Eéhemat:.c

diagram of a power stabilizer 116 constructed in
accordance with the present invention is provided. As

stated above, the power stabilizer 116 monitors the
feedback signal provided by the photodiode U2 and thus
produces a corresponding bias current to the laser diode

20 U2. As shown in FIG. 3, the power stabilizer 116 uses
an operation amplifier U7 (i.e., "op-amp"), which is
configured to operate like a high gain difference
amplifier, to monitor the feedback signal. The output

of the op-amp U7 'is used to provide a corresponding

25 signal which controls the bias current supplied to the
laser diode U2. Thus, when the output voltage of the op-

amp decreases, the bias current to the laser diode U2

will be increased. Likewise, when the output voltage of

the op-amp increases, the bias current to the laser diode

30 U2 will be reduced. '
Attached to the non-inverting and inverting inputs

of the op-amp U7 are resistors Rl and R17, respectively.

The opposite ends of resistors Rl and R17 are tied to a
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- 13 - select input -CS (i.e., pin 7), up/down input U-D
(J. pin 2), and increment input -INC (i.e., pin 1) of the
potentloneter UG. In the preferred enbodi ment, the I ncr ement

i nput -1 NC and the up/down input U-D are 5 unconnecte

Addi tional |y, WO/ €HFp sel ect input -SCis connect eg’qus36’1°6}q up
resistor R15 which i s connected to +5 vol ts. The
digitally controlled potentionmeter U6 al so has a high termnal VH
(i.e., pin 3) and a low termnal VL 10 (i.e., pin 6) which are

equi valent to the fixed termnals of - a2 Aechani cal potentioneter
In the preferred enbodi ment, the lowterm nal VL of the

potenti oneter U6 i's unconnected and the high terminal VHis tied to

a resistor R16 which is connected to ground. 15 Wth the
potentionmeter U6 connected as descri bed above, the potentioneter
provi des for resistance trimmng of the total resistance between
t he non-inverting inpwz.s voltagefrdfiereapeawpitll Engrgivided. brothe atdvange

the ratio of g# gi6 éfﬂréﬁﬂésdi%ﬁ vgktage of the reference I nput
20 signal seen at ﬁe non-1nverting EUt of the op-anmp | t
p

is preferred that the HBX|$&ﬁﬁr%£ﬁ%ﬁH%Q:é° BSi RYEHRANG input ?ﬁ the op-amp
potentioneter be 10K ghnss themehater éheretitgsighal (i.e., fetdbackneigrallb
provi des resistance v S 0

descri bed aboveg t he égggnfhgn%?8£gﬁ%§§é;uz a%gﬂg 3ét§ %egg u%?%ﬂp 1Ewthh
equal to the ﬁ&XIﬁUW]lS tied f&sigROXRCe v&WGecépﬁFHEﬂrb§19@F°Y*g%ﬁkﬁqq(i?e
since the hi gitetnotral nef did afodulatpdt ebihalredier etdft psotrﬁ.éeldtlny the

resi stor R16, the rESISE?e%Snggﬁquge #hgﬁgnggg CaRFCltPLeE@Inq

equal to the val ue seFé rolled p6tent|oneter
U6 plus the resistancerodides dgfor a "SOftF§M§rt" in supplying RipReCpRFE®RE e

enbodi nent, thggpot enthaMBh8todPode U2 dur@pgsinteiff pherXenlO3THLg) tatter

controlled pOtentlone%?%er on, capacitor Cl ensures that the op-amp U7 will

only respond to changes in the bias current and thus the

capacitor Cl removes the effect of the AC portion of the
optical signal detected by the monitor photodiode UZ.

15 Furthermore, since the feedback signal generated by

the photodiode U2 will cause a voltage drop across R17,

the resistor R17 and the +2.5 voltage reference diode U3

provide a means for generating a feedback input signal

at the inverting input of the op-amp U7 which corresponds

20 to the level of feedback generated by the photodiode U2.

Likewise, attached to the non-inverting input of the

op-amp U7 is the wiper terminal VW (i.e., pin 5) of a

digitally controlled potentiometer Ué which provides a

means for producing a reference input signal voltage the

25 non-inverting input of the op-amp U7. Alsoc capacitor C2

is connected to the op-amp non-inverting input. This

capacitor prevents reference diode noise from being

amplified by the op-amp U7. 1In the preferred embodiment,

the digitally controlled potentiometer U6 operates as a

30 resistor array which consists of 99 resistive elements

with tap points being located between each resistive

element and accessible by the wiper.
The position of the wiper is controlled by the chip
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- 14 - manuf actured by XICOR Conpared to a digital controller
as prescribed by U S Patent No. 5,019,769, the use of adigita
potentioneter requires the use of substantially | ess circuit board
ar ea. Furthernore, the digitally 5 controlled potentioneter is |ess
expensi ve, | e¥O~guMsTex, and thus nore cost effecti VECTARHOS ng a
conpl ex di gital m croprocessor. Referring to the

out put of op-anp U7, the op-anp's output is connected to a resistor
R7 which is connected 10 to a pullup resistor R22, a capacitor C13,
and the base of a PNP transistor Q2. _Fygthernore, the opposite ends
of the pullup resistor R22 and the capacitor Cl3 are connected to
+5 volts and the emtter of the PNP transi stor, respectively. 15
The pullup resistor R22 turns transistor Q2 off when t he out put

vol tage of op-anp U7 reaches its maximum 1In addition, resistors R7
and R22, along with capacitor C13, result in an RCfilter with a

time constant on the geflgkt input -c®f (DR.NSEEr 7IFULLIESWRigpulch8 /e (it @, , Of
the transistor 20 12

. Ils also.tied to a,resjst and a ,capaci tor
whi ch are connected t81g§2&0|F?éaﬁ&cé?ﬂﬁﬂﬁ,1?%%5é6ﬁ%@2%y?" pin R?Tﬁg the
resi stor R8 and capacpbbentCiOnatrer uE€.t 0 I othde preferredf idmbedingntf the

+5.volts supplied to Eﬂéreﬁéﬁﬁe&n?ﬁt -INC ard 208 SLPVd&# ihPu@dEirLhoRre
the collector of the PNP 25 rg si st or. 92 I.S u%ed to ErOVl de the bi as
current to the ° uncponpegteg. ogAddptionally, the chip,selrgf LRRRF 415Gy dS

before the | aser transmhn¢eeted téd a pullup resistem\R1iS whéghnisreorsmdteadngo

data, the bias currentstgeirs.  the laser diode nust initially be set.

The | aser diode 30 out put, power. | evel is.set by adjustin he

resi stance of t heTﬁgg‘%%%t% FBPFEbe%‘fé?ﬂ 'eGﬁgP@Ft@B%é'cF]astﬂ hes

t he Wi per resi dtighcéeominak Yidt ehie.omptier 3U6antha tewiterninal VL

sel ected by puljlgi ng the ot eft] @yeLRIcK &R Bg3fvfEnt £ the fixed terminals
of a mechanical potentiometer. In the preferred

embodiment, the low terminal VL of the potentiometer U6
is unconnected and the high terminal VH is tied to a
resistor R16 which is connected to ground.

15 With the potentiometer U6 connected as described
above, the potentiometer provides for resistance trimming
of the total resistance between the non-inverting input
of the op-amp U7 and ground. Controlling the ratio of
R1: [R16+0U6] sets the voltage of the reference input

20 signal seen at the non-inverting input of the op-amp U7.
It is preferred that the maximum resistance provided by
the potentiometer be 10K ohms. Therefore, the digital
potentiometer U6 provides resistance values in increments
of 101 ohms since, as described above, the potentiometer

25 provides a resolution which is equal to the maximum
resistance value divided by 99. 1In addition, since the
. high terminal VH of the potentiometer U6 is tied to
resistor R16, the resistance provided at the wiper
. . terminal VW is equal to the value selected by the digital
30 controlled potentiometer U6 plus the resistance value of

R16.

In the preferred embodiment, the potentiometer U6
consists of the X9Cl03 digitally controlled potentiometer
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- 15 - input (i.e., pin7) to alowlogic level. Once the -CS
input is pulled low, the -INC input (i.e., pin 1) is used to either.
i'ncrease or decrease the resistance at the W per termnal VW while
t he out put power of the |aser 5 diode is nonitored

calibrated p¥R&FOS6Het er . Correspondi ngly, the resi g&’r"f@e”%’ﬁ

i ncreased by pul ling the U-Dinput to a high logic |level and,
conversely, the resi stance is decreased by pulling the U -D input
to a ) low l ogic level. This procedure allows the operator to 10

set the | aser output power |evel via control -ot4thhe di gi tal

pot enti oneter. Once the | aser power is selected, the resistor
Ul5 is allowed to pull the chip select input -CS of the
potentioneter U6 to a high logic level. Furthernore, in 15 t he
preferred the enbodi nent, the potentioneter U6 has a nonvol atile
menory so that it is capable of storing the position of the

W per. Therefore, mdmmfacameedipeXICOR. Compaxsid tenawiigibal manhralied

upon a subsequent pOV‘@é ﬂescmbed bspﬁﬁrsat ip@Bent RY. 5,019,769, the use of
Cor respondi ngly, re erred di nent t.he

lon o he
wiper in the potentlo igitpd Pe ?ﬁ??QﬂﬁFer requlresb§h?t@§QN§%uFH%?EﬁQ§l§£}
t hat the highest resibséssceivabiie board areks prhwitthedmorea tthe wiigdartally

termnal VW whegn pov‘@énﬂr%lledngft%lﬂc:LJn%ttei‘pPé '1%st Qﬁﬁ&%m eﬁgggnggnglex,

Therefore, only

as current e su IJed to
| aser di ode pd witdspoiRTe | sopkr &F &ﬁﬁP"@d tt(?aPhe Stbi Bi fé’?“plex
circuitry 114. digital niircddperopeskert ed enbodi nent, the optical power

out put of the laser diode § %éfﬂ%‘%@ Q)ﬂeC&E‘&’ﬁ% I —améOU'l S S

known by those persons skil the art urt ernnre, S|nce the
optical power of the PASRWE diHgronnected to 3 ¥esistinds RloWPhER L2 dfRRRECted
suppl i ed by theopowerto a pullurstimdilsitaat RRR, ca redpdditor1613f hand the base

gg%?&%bg?ﬁgg&6U6 allog§ a PNP traﬁ@?s%éloa§76 Furthermore, the opposite ends

of the pullup resistor R22 and the capacitor Cl3 are
connected to +5 volts and the emitter of the PNP
transistor, respectively.

15 The pullup resistor R22 turns transistor Q2 off when
the output voltage of op-amp U7 reaches its maximum. In
addition, resistors R7 and R22, along with capacitor C13,
result in an RC filter with a time constant on the order
of 50 nsec.. Furthermore, the emitter of the transistor

20 Q2 is also tied to a resistor R8 and a capacitor Cl2
which are connected to +5 volts and ground, respectively.
The resistor RB and capacitor Cl12 are use to provide
filtering of the +5 volts supplied to the emittgr of
transistor Q2. In- addition, the collector of the PNP

25 transistor Q2 is used to provide the bias current to the
laser diocde UZ2.

As indicated above, before the laser transmitter 114
is ready to begin. transmitting data, the bias current to
the laser diode must initially be set. The laser diode

30 output power level is set by adjusting the resistance of
the digital controlled potentiometer U6. To adjust the
wiper resistance of the potentiometer U6, the device is
selected by pulling the potentiometer's chip select -CS



- 16 - for the power stabilization circuitry 116 to be

adj ust ed so that it provides a specific bias current which
qorresponds directly to the feedback. Using the digitally
control | ed potentioneter U6 to 5 adj ust the voltage of the reference
i nput signal, and thus the bias current supplied by th el
stabilizer WO 97/05¢%6r cui try 116, will elimnate the possi Thikk ?'{58& 6
aCC|dentIy destroying the |laser diode U2 and provides for a stable
means of setting the |aser output power. The 10 | aser out put power can
be effectively set since the resi stance of the potentioneter U6
cannot be adjusted w t hout suppl yi ng tqggled signals to the -1 NC

i nput . _ Therefore, the reference input Signal, and thus the
correspondi ng optical power output of the |aser dlode 15 cannot be
accidental ly adjusted since only deliberate- steps will cause
changes to the voltage | evel of the reference input signal.

In addition, the use of a digital potentioneter allows for the

automatic adjustnent qf tggtrefer%pgg7) %o a 1¥9Ii Q%geﬁhergg? EFﬁgMLCS

| aser out put power.

tnents e
havi ng a devi ce, suchinput is mfsllédpl@pﬁer'qk}? CéN?bWR"éd (bp??g?sﬂoln"g&\)\ew n‘é‘i%jr
E)][ agtegﬁldgrd o Ttohtra,le @i@%ﬁrsgﬁmb@bldﬁfwbﬂBasbh¢Huatthamet iattuttehe
s echnal o cejy 0
power fromthe |aser d"l"(?(?gyfﬁ%rg‘ﬁﬁ‘)’lbggédw%ﬁl% R AL Fgéef jfz%é)%:% er

out put power nedsured di@dgeviise gophtased by aea%%H%HPéPdorpower meter.
M croprocessor can traRyHelspefAingly Sithwiesistance i9 irdtreasiednbyopelBind)6

Lo eltfer Increase of Qechiane Ry to atr?fghoﬁ%bié'cb&%‘i’fr ndy! & veqfseEPh the

|onél
the power stabilizati oresistance GSrdQFFeiqﬁﬁVWYIPR%L?ﬁérthﬁcpéagelﬁPut £
ggcéﬁgsﬁ the bias VV%%y/l 1Eeméve§uppihf§jpﬂd@edhbe alaséy thdl egerator to
PC?/USB6?iO616 10 ! the gaser output power levT} via control of the

digital potentiometer.

Once the laser power is selected, the resistor Ul5
is allowed to pull the chip select input -CS of the
potentiometer U6 to a high logic level. Furthermore,_in

15 the preferred the embodiment, the potentiometer U6 has
a nonvolatile memory so that it is capable of storing the
position of the wiper. Therefore, the same wiper
position will be maintained upon a subseqguent power-on
operation.

20 Correspondingly, in a preferred embodiment, the
position of the wiper in the potentiometer U6 is pre-set
by its manufacturer so that the highest resistance value
is provided, via the wiper terminal VW, when power is
first applied to the potentiometer. Therefore, only

25 minimal bias current will be supplied to the laser diode
U2 when power is first applied to the stabilizer
circuitry 114.

In the preferred embodiment, the optical power
output of the laser diode is measured by conventional

30 means as known by those persons skilled in the art.
Furthermore, since the optical power of the laser diode
corresponds to the feedback supplied by the power
stabilization circuitry 116, the potentiometer U6 allows



respectively, on if the feedback signal supplied by the phot odi ode
U2 is too low or too high. As depicted in FIG 3 and indicated
above, the feedback signal effectively governs the inverting input
rrecei ved by the 5 op-anp U7. In addition, the voltage |level at the

non- inverting input of op-anp U7 (i.e., the referen
signal) is seVB&B¥7by adjusting the potentionmeter U6 as E$nk&@@é@rlbed
above. Therefore, a conparison of the feedback - signal and the
reference input signal determnes the 10 out put voltage |evel of
op-anp U7. Consequently, the PNP transistor @ wll increase
the bias current to the |laser diode U2 as the batput vol tage | eve
of the op-anp U7 decreases due to the f eedback signal being too

| ow. Likew se, the transistor 15 @ will decrease the bias current to
the | aser diode W2 as the output voltage |level of the op-anp U7

I ncr eases due to the feedback signal being too high.

It should be noted that the bias current supplied by the collector
of transistor Q@ wi | |fanlthebpogenditablijizaion cickangey Lile tw HehadlCsted

circuitry provided byg 7’th§%2’1@n%rov1des aC1§ QE.‘L%{'@ @itaBUtc@fré}'& AR K-

Furt hernore, as state ack generated by the
phot odi ode U2 will  corresppnds directly VthPQ:ﬁﬁﬁ 8%kn the optical power
bei ng gener at ed byystilmgy taeedlditm&ﬂyjbontzﬁlled potentGumestgire W6l o

the use of analpg cl 'edfddy Lhk Wolrage of tHPURIEcHMA! agﬁtaglgﬁaﬁr' bed

above provi des conpensat i on o
fluctuati ons whi ch nﬁ&hus the bl%ﬁxﬁﬂrﬁ%$ttﬁéPBb%?ﬁaPypBM%rpQﬂﬁﬁnﬁtQHQQ%ZGI
| aser di ode. circuithee 116 radildt aptémbhatde thei tpdsgittiadtiyonetter

U6 30 IS set to.l e%%&&egéséﬁ%kgcﬁgg I%%e lﬂ&ﬁe Wa‘ﬁedf:.l:@éﬂes for

transmtter 114 are rea g onvert Sl nals
into optical data outpuftablgameans of Jekdng the 133??1 Pputy P°c"‘r‘?€ ACTR

driver 112 recepves diidéerenuitptdpiower can be VOEDHFEODLENY set since the
PCT/ US96/ 10616

. : ut
signal via inputs TD+ %?ﬁsﬁigce q%et%%lggteiggometer U%Scan Ot F5+aﬁaféﬁ§a
are AC coupl ed by capéttkhewt espphying togglsd $é@'é¢lﬁedt‘byt¥‘ﬁe"éi"\cf SPG-al

receiver U4, and Therefore, the reference input signal, and thus the
corresponding optical power output of the laser diode,
i5 cannot be accidentally adjusted since only deliberate
steps will cause changes to the voltage level of the

reference input signal.
In addition, the use of a digital potentiometer
allows for the automatic adjustment of the reference
20 voltage and therefore the laser output power. Automatic
adjustments can be accomplished by having a device, such
as a properly calibrated optical power meter traceable
to the standards established by the National Institute
of Standards and Technology (NIST), receive the optical
25 output power from the laser diode U2 and, based on the
level of optical output power measured, a device such as
a computer or microprocessor can transmit control signals
to the potentiometer U6 to either increase or decrease
the optical power output of the laser diode U2

30 accordingly.

Operationally speaking, the power stabilization
circuit 116 will either increase or decrease the bias
current supplied to the laser diode depending,



term nated by R10, Rl11l, and Cl4. The data input signals 5 received by
the differential receiver U4 are then transmtted via pins 6
and 7. Qut put pin 6 of the differential receiver W is

term nated by resistors R13, R6, and capacitor C8. Li kew se, out put
pin 7 of the differential receiver U4 10 Is attenuated |stor
R5 and capawOOHps676¢C10. Furt hernore, the output prggpﬁgﬁnﬁa pin 7
is AC coupl ed by capacitor C9 so that only the AC conponent of the
output signal, which directly corresponds to the el ectrical
signal received by the AC driver, 1is 15 superi nposed onto the
bias current signal used to drive t he 1maser diode U2. Therefore,

t he optical power output of the laser diode will vary in accordance
with the el ectrical signals received by the AC driver and will be
transmtted as data output over an optical nediumsuch 20 as an optic
fiber. For conpl eteness in the disclosure of the above-
described AC driver 112, |laser transmtter 114, and power

stabilizer 116, but nsgeatipetppses Df therifemidoank signal supplibdlbgmthg
representative  val ygs toaai%%e 350%0@%@ 10%5 or toodﬁ%hf'ci% glcé‘éﬁ in

subm tted. These Nl Ues
transcei ver that was FIG. 3 é%ﬁ%tﬂ@@ﬂéétaﬁd PE@Y%d éﬁf\MﬁQQﬁbﬁFBV|6égn%;

Pith qual i t?/ @@ﬁréarlmugegowme stié |k rdtinghenput méddiveecbgntred
(hat Al tergat [V L GIENY, 2 MASICDY ohe SERANEderl] gt chi non-

i nventi on. meqgmuypg7@nput of op-amp U7 (i.e., the reference input
PCT/ US96/ 10616 signal) is selected by adjusting the potentlibmeter U6 as
PirLF TYPEEé§c£§%%§ bovét5 Therefore, a coTﬁgﬁ}son of the feedback
C6 signaljrand the reference inpugysignal determines the 4
gg . 10 outﬁﬁt voltage level of op-amb UF. 10

ég;sequently, the PNP transistor Q2 will increase
the bias current to the laser diode U2 as the output
voltage'level of the op-amp U7 decreases due to the
feedback signal being too low. Likewise, the transistor
15 Q2 will decrease the bias current to the laser diode U2
as the output veoltage level of the op-amp U7 increases
due to the feedback signal being too high.
It should be noted that the bias current supplied
by the collector of transistor Q2 will only be gradually
20 changed due to the RC circuitry provided by R7, R22, and
C13 on the output of op-amp U7. Furthermore, as stated
above, the feedback generated by the photodiode U2 will
vary directly with changes in the optical power being
generated by the laser diode U2. |
25 Consequently, the use cof analog circuitry in the
power stabilizer as described above provides for the
immediate compensation of power fluctuations which may
occur in the optical power output of a laser diode.
Once the resistance of the digital potentiometer U6
30 is set to the correct level, the AC driver 112 and laser
transmitter 114 are ready to convert electrical data
input signals into optical data output signals. As shown
in FIG. 2, the AC driver 112 receives differential data



C10 5 pF C11 1

uF Cl2 .1 uF

Cl13 100 pF 15 Cl4

.1 uF Cl6 .1 uF

Part TYPE or VALUE 20 R1

100 ohns WO 97/05676 R5 46. 4 OhnBCT/US%6/10616

R6 51 Ohns R7 1K
Chns 25 R8 26. 7 Chns

R10 ; 51 Chirs ' R11 51
Chis R12 180 , 4 Ohirs

R13 180 Chnms 30 R14 1K

Chirs R15 1K Chirs

R16 1K Chirs R17 100
Chis R22 1K Chns 35

@ MRF5211 U2 RLD- 85PC
U3 LM4O A so 3 4 :
VCLOOEL 16 QQBEVBS%9%366V1a inputs TD+ QSSI&?A' 4ghe'data input
U7 TA7586gpals TD+ and)@Dy7pg8ahE coupled by capacitors C6 and
PCT/ US96/ 10616 C7, received by the different281- receiver U4, and

in a transcei ver nodul e erstoo

stabilizer coul & be u¥egeinednby the giffexrentisd wﬁ@?él‘éﬁlr addy GF@detheP
used for transmttingtransmito@diwiad Ipineneodad data onto an opti cal

transfer medi um out H{tﬁoén?r &f 'Ehéhcg’i'f%]:%lnﬁ:QaQe r%{é%?.r %Eo%ql that
ot her vari ous changes i cati ons e present
preferred enbodlnentstéé@éﬁﬁbé@ At er RSP t9rpeRaBparknt and CaP301t°r cs.

Likewise, output pin 7 of the differential receiver U4
10 is attenuated by resistor R5 and capacitor C10.
Furthermore, the output provided by pin 7 is AC coupled
by capacitor C2 so that only the AC component of the
output signal, which directly corresponds to the
electrical signal received by the AC driver, is
15 superimposed onto the bias current signal used to drive
the laser diode U2. Therefore, the optical power output
of the laser diode will vary in accordance with the
electrical signals received by the AC driver and will be
transmitted as data output over an optical medium such
20 as an optic fiber.

For completeness in the disclosure of the above-
described AC driver 112, lasexr transmitter 114, and power
stabilizer 116, but not for purposes of limitation, the
following representative values and component

25 identifications are submitted. These values and

A though the above PoVgEnshlld iberad] GriSPREkOB1LD, e dackl Fhpde 51 AL

components were employed in a transceiver that was
constructed and tested and which provides a high quality
performance. Those skilled in the art will recognized
that many alternative elements and values may be employed

30 in constructing the circuitry in accordance with the
present invention.



to those skilled in the art. Such changes and 10

nodi fi cati ons may be nade w t hout departing fromthe spirit and
scope of the present invention and w thout dimnishing its
attendant advantages. For exanple, the digitally controlled
potenti oneter can be constructed usi ng various discrete conponents.
Therefore, it W0s97D5676 i ntended that such changes and nodi fﬁcgﬁls?%ﬁgmoe
covered by the appended cl ai ns. WO 97/ 05676
PCT/ US96/ 10616 - 21 -
PATENT CLAI MS: VE CLAI M 1. A power stabilizer for
mai nt ai ni ng a const ant 2 | evel of outputipower froma | aser
transmtter, said | aser transmtter having a | aser diode and a
phot odi ode, 4 said | aser diode responsive to a reference input
vol t age whi ch produces a varying |level of bias current to produce
6 a corresponding | evel of optical output power and said
phot odi ode responsive to said optical output signal to 8 produce a
f eedback which corresponds to said opti cal out put power produced by
said | aser diode, said-power——-t8-———- Stabtrrrzer-ToTprrsToyT T T T T T T T T T T T T a)
a digitally controlled poteRd®Bneter for TYEE or VALUE producing a
reference input signalT~and ™~ 7 by~~~ an Op- QP Tor conparing said
f eedback and saPd 14 c reference inputy gggnal to produce a
control sigmﬁ to supply said bjjagrcurrent.
2. The power stabilizer ofc7claim 1 further.l u¥ conpri si ng:
a bias current drive transistorG8responsive to said uF4 control signal
for supplying 88 d bias currentCfo said e#é%éﬂ'diode.
3. The power stabilizer of€1%1aim 1 furth 1 pgé conpri si ng:
. . . u
a) an RC filter connected to d control signal y 4F
c13 100 pF
15 Cl4 .1 uF
C1l6 - .1 uF
Part TYPE or VALUE
20 R1 100 Ohms
R5 46.4 Ohms
R6 51 Ohms
R7 1K Ohms
25 R8 26.7 Ohms
R10 51 Ohms
R11 51 Ohms
R12 180 Ohms
R13 180 Ohms
30 R14 1K Ohms
R15 1K Ohms
R1l6 1K Ohms
R17 100 Ohms
R22 1K Ohms
35 Q2 MRF5211
v2 RLD-85PC
U3 ‘ LM40400IM3-2.5
U4 MC100EL16
U6 X9C103

40 u? TA75S01F




4 for generating a control signal; and : b) a

bi as current drive transistor, responsive to 6 sai d
filtered control signal, for supplying said bias current
to said |laser diode. WO 97/ 05676

PCT/ US96/ 10616 - 22 -

4, An appar atY29%8¥’& ransnitting el ectrical data 2 si gRSIYSBAPES an
optical transfer nmedium said apparatus conprising: 4 a)
an AC driver for receiving said electrical data signals
and providing corresponding data 6 si gnal ; b)

a laser transmitter having a | aser diode and- &0 - a phot odi ode,
said | aser diode for producing optical power and said
phot odi ode for 10 produci ng a feedback signal which
corresponds to said optical output power produced by said
12 | aser di ode; and c) a power stabilizer
conprising: 14 a digitally control|led potentioneter for

produci ng a reference |npu¥1%ﬂﬁﬁiﬂ thegabove power stabjliigerpdlgpdepiriest in
conparing said feedbagkcand is used in a transceiveéidimbdiffe§r GRCE&HIW be

S! gnal to produce a 1§nderstood thaF the &oyggngéﬂlllszlegnc%ulé% %%BQ'}’,—, asn%ri d

bi as
current  drive traﬁEP%%%ﬁtlon Where a laser diode lSrﬂﬁ@ﬁoﬁ?Fvér@@ﬁ@%ﬁQing

control signal, sfor 23ptically encoded dataSUfPbYimGoaich1bitasns e s aiddituth.
Ii‘zél'l'?ulsgg;a?LOGlG Furthermo(ljcle(,)dlet should alscy\%egan e51§57t600d that other
various changes and modifications to the presently
preferred embodiments described herein will be apparent
to those skilled in the art. Such changes and
10 modifications may be made without departing from the
spirit and scope of the present invention and without
diminishing its attendant advantages. For example, the
digitally controlled potentiometer can be constructed
using various discrete components. Therefore, it is
15 intended that such changes and modifications be covered
by the appended claims.



- 23 - _____-_-—__*“_‘13*“'A met hod of maintaining a constant |evel of 2
out put po ] transmtter, said |aser transmtter
havi ng a I ,"H)mumn’ﬂ" phot odi ode, said 4 | aser di ode responsive
to a referéncé vbl ttage | Aput which produces a | evel of bias current

to produce a 6 correspondi ng | evel of optical output power id
phot odi ode reQ#HI56%€ t o said optical output signal to PCT, §ﬁﬂ§§?

f eedback signal which corresponds to said opti cal output power
produced by said | aser diode, said 10 met hod consi sting of the steps
of : ) a) setting the resistance of a digitally 12
controlled potentioneter to pr oduce a ref erence

i nput signal; and 14 b) conparing - 8% d feedback signal and
sai d reference input signal to produce a control 16
signal to supply said bias current. 24 6. An

apparatus for transmtting el ectrical data signals over an optica
transfer medi um conpri si ng: an AC driver circuit

receiving said electrggggg¥$%%%gggata signals, generating a voltage signal
based on sai d ' ta signals, and generating an AC

data signal from sai d¥EefElAIM: i gnal ; a laser transmtter
havi ng a | aser di ode and al. A pgwent ctiabdejzeni fod amentdiodegpa ocerstant
optical power t b t a gg%ﬁgggéyﬂe% d
over said opti c% trans ? %;}dl%n%%%galp?%%gt% o%; Lagdy HSro u ai

f eedback signal basedl8gesar¥pnanitégr hav1ng ao&?ﬁ%% ?ﬁﬂﬂ%‘aﬁpoauEEHQ iQderq
| aser di ode; and said lasdér REWAE séeRdrdiXiengoca rmafidreneel idpoy wiltage

conparator, a digitall o] ys qﬂp S&
drive transistor, salg¥é§ﬁpé. %4§g%hg £§%§in EGél Hia? cur 4? %g Hé&
f eedback si gnal Gand a a/glarggsponding level of opt1ca1 output power an sald

photodiode responsive to said optical output signal to
- 8 produce a feedback which corresponds to said optical
output power produced by said laser diode, said power
10 stabilizer comprising:
a) a digitally controlled potentiometer for
12 producing a reference input signal; and
b) . an op-amp for comparing said feedback and said
14 reference input signal to produce a control
signal to supply said bias current.

2. The power stabilizer of claim -1 further
2 comprising:
a bias current drive transistor, responsive to said
4 control signal, for supplying said bias current to said
laser diode.

3. The power stabilizer of claim 1 further
2 comprising:
a) an RC filter connected to said control signal
4 for generating a control signal; and
. b) a bias current drive transistor, responsive to
6 said filtered control signal, for supplying

said bias current to said laser diode.



reference signal wherein said conparator conpares said f eedback

si gnal and ml mnﬂm ”Illerence signal to 20 generate an out put
control si eAlMl il 1 1y control |l ed potenti ometer operatively
it

coupl ed to per adj ust mrent of one of said inputs for

correspondi ng adj ust rent of said output control sign id
bias current d¥?Y¥%f%nsistor responsive to said 25 out %P”@%ﬂ?ﬁ§|
signal for supplying a bias current to said | aser diode.

7. The apparatus as clained in claim®6, wherein sai d conpar at or
conprises.an operational anplifier. 30 8. The apparatus as
claimed in claim®6, wherein said digrtédkly controlled potentioneter
is operatively coupl ed to adjust a voltage of said feedback signal.
25 9. The apparatus as clained in claim®6, wherein

said digitally controlled potentioneter is operatively coupled to
adj ust a voltage of said voltage reference si gnal . 10.
The apparatus as clained in claim®6, further C i

conprising: |
a differential receiver irfsai dnaepaprabps for transpdgiing seleckrigadr detea
‘receiver conprising aspgdlslbnto apf oftitsl etddridfdrputisuhprsd BE eiptaiGitus
said electrical coﬁﬁ?f@fﬂ&”ﬁﬂs and an output via which said voltage
signal is generated. . 11. The apparatus as clained in claim
10, 15 further conpristhg: an AC driver, fogsizacgivipgcS@ildalgipctrical
connected in series with datal gigHapstawd movdddngf eoeréspdndiareidata
in said AC driver CirCLﬂgf nggd a capacitor electrically
22°d ' resistor.

connected in parallel to 20
b) a 'laser transmitter having a laser diode and

8 a photodiode, said laser diode for producing
optical power and said photodiode for
10 producing a feedback signal which corresponds
to said optical output power produced by said
12 laser diode; and
c) a power stabilizer comprising:
14 i) a digitally controlled potentiometer for

producing a reference input signal:;
16 ii) an op-amp for comparing said feedback and
said reference input signal to produce a
18 control signal to supply said bias
current; and
20 iii) a bias current drive transistor,
responsive to said control signal, for
22 supplying said bias current to said laser
diode.



12. The apparatus as clainmed in claim10, further conpri sing:
a pair mﬂnm l“mml m each bl ocki ng 25 capacitor electrically
connected| uts of said differential receiver.

13. A nethod df halhtaﬁnlng a constant |evel of out put power from a
| aser transmtter, conprising the 30 steps of: ,grOV|d|ng a
| aser transm tWeOT/PIS ng a | aser di ode and a phot odi oBeT/U4{1061f 5ser
di ode responsive to an out put control signal which supplies a |evel
of 26 bias current to
produce a correspondi ng | evel of optical output power, said
phot odi ode responsive to said optical eugput:- power to produce a

f eedback si gnal whi ch corresponds to a | evel of said optical output 5
power ; receiving electrical data signals in an AC driver
circuit; generating a voltage signal in said AC driver

circuit based on said electrical data signals; 10 generating said
AC data signal fromsaid voltage signal in said AC driver circuit;

nmodul ating said optical output Zpawsdrhog tdf Jesidtadning a cgassastghevel of

conparing said ﬁeedbasﬁtﬁagnqsow@}d aryR! taaggaéér trarrgﬁr&rteaee ségifl 16Qer
produce sai d output contr t he

resistance of a digit F??smltter n@BﬁPﬁo?l%ﬁF?ﬁﬁQﬁﬂﬁ oRBEe? ?%P%&ﬁi&é] s&R3d

out put control 4 lasgmaliode responsive to a reference voltage input which
produces a level of bias current to produce a
6 corresponding level of optical output power and said
photodiode responsive to said optical output signal to
8 produce a feedback signal which corresponds to said
optical output power produced by said laser diode, said
10 method consisting of the steps of:
a) setting the resistance of a digitally
12 controlled potentiometer to produce a
reference input signal; and
14 b) comparing said feedback signal and said
reference input signal to produce a control
16 signal to supply said bias current.



