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1 *~ ADJUSTMENT: OF A LASER DI ODE OUTPUT POWER COVPENSATOR 70(]0:W - 5
CROSS REFERENCE TO RELATED APPLI CATI ONS ~Thi.s applicatton"incl ddes
‘subject matter related to the co-pending applicatiofientitled JENSATI ON

FOR LASER DI ODE QUTPUT POWER VARI ATI ON, having attorney's docket nunber
10960126-1 and the co-pending application entitled CURRENT STEERI NG
CRCU T, having attorney's docket nunber 10960530-1, each of which are

i ncorporated by reference herein. . ' FI ELD OF THE
| NVENTI ON This invention rel ates generally to the controlling

t he output power of a |aser diode and, nore specifically, to automatically
conpensati ng for ADJUSTMENTEF A 2ASER DIRDE QUY UTiPME%%MKENﬁﬁT%Be

em tting diodes. BACKGROUND OF THE | NVENTI ON

A | aser diode is a sem conductor device which emts laser light as a result
of applying a forward c@RGS88 REE G i D ARRACATIONS Ie. The physi cal
structure of an edge.emtting |aser, diode ' L neludes active

| ayer | ocated bet \A/egrd“ﬁxf’?@}%g%’hﬁwﬁ‘%68%"'3%%% léegggg%o\?éP%Eehlggtive area
not bounded RypliditioN dnyiled DOMPENSATIONIFORILABER BIXDE OUVBUEPMYER i rror
facet. The |l aser |i

ht is generated in the actj ef. The mrror. facets
at the ends SATIAIGN: hoing rBa Ry aokebpumEal | JSRbiR band e e P58BR At oc
in the activepgfiRionurkitled TURMINT STPERNRE CIRGUIR h&lind srtdrhsy'axioskef the
optical resonator |eaves the active area through the sides of the
resonator. Linymber 19980538-1.ipachef ayhicit are insarpreatest by gfalenes hesint s axis is

repeatedly reflected fromthe mrror facets. Light is generated
in the active area through processes of spontaneous em ssion and
stinul ated em ssion. In the procEKLDAIF eni ssion an el ectron

nmoves froma state if.the caon | i @ Re& ofdand
W thin the active | a@ré""r" .mv'Fﬁ'g'ogE%‘%{g?grhegg{éﬂ)ﬁ;tggﬁeeé%ﬁ@?{ rg(r)]tr?girbgt%onverte% to a
phot on. Spontaeaudioderaad moreospagifically) tohattophticaiinsospengptingrfat edtpat r andom

in ti nd pr in all directions wthin.the. ' :
thits e and ppo%c?rg\%[rigtions.% vergcale(:%wt\?sarfacé em&tlrtxg 810%(%.' ve layer. Because of

BACKGROUND OF THE INVENTION

A laser diode is a semiconductor device which emits laser light as a
result of applying a forward current in excess of a threshold value.” The physical
structure of an edge emitting laser diode typically includes an active layer
located between N type and P type layers. The ends of the active area not
bounded by the N type and P type layers are each covered by a mirror facet.
The laser light is generated in the active layer. The mirror facets at the ends of
the active area form an optical resonator. Light generated in the active area
which does not propagate pérallel to the axis of the optical resonator leaves the
active area through the sides of the resonator. Light traveling in the optical
resonator parallel to its axis is repeatedly reflected from the mirror facets.

Light is generated in the active area through processes of spontaneous
emission and stimulated emission. In the process of spontaneous emission an
electron moves from a state in the conduction band to a state in the valence
band within the active layer. The energy lost by the electron is converted to a
photon. Spontaneous emission occurs so that photons are generated at random

in time and propagate in all directions within the active layer. Because of this,
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2 spontaneous enission does not generate a coherent beam of |aser light.
In the process of stinulated em ssion, a photon transfers its energy to an
el ectron in the conduction band. When the energi zed el ectron noves to a

| ower energy state in the valence band it emts tw photons which propagate
in the direction of the incident photon. Wthout a forward
current above the threshold value applied to the | aser diode, the

di stribution of energies of the electrons in the active layer is such that
spont aneous em ssion dom nates the |ightageneration process. No |ight
anplification occurs because there is not a sufficient fraction of the

popul ati on @pomlafEsUsOsthisedhdded ol yeREAELIS chbRsteREOBShE BE [8¥r BJHAL a8 the al | ow
stinulated emi ssion to occur to_ the de%ree that it will replace those

phot ons | ostPreGesinof REMALated, gmissiRr, a photon transfergiigRaray fh R electoniar d
current aboyge Ebﬁ‘ddclﬁﬁﬁmﬁlid WAEH ehd érﬁ%ﬁm&@ BREABN T84 'a"i@wb@)!ﬁérg%lt he

energy states of a large fraction of e electrons are shifted o the
conduct i on (5416 .in ke velerasuband i§ emitsl tarephetahs whih pronagrte ds thendirédtight

generation whi ch | eave the active area are outnunbered by
t hose whi ch%?ggrﬁ% eﬁpphg{bﬁomthe mrror facets. The photons refl ected

fromthe mrror f adNttbomamﬁderQIcUrramaébdvieaae ithreshdld calyle dppledstd the at ed
em ssion pr cess, ated em ssion dom nates the |jght generation
Oéiﬁ ﬁb C%Fé’%ﬁlopﬁ) epgrgies o ﬁhe electrons in the ﬁﬂyggﬁ\éeg

process osciTiAt! d®ner at ed

by stimul at eickrh&sdpontdneots phRdsists démirlats @ lighDgeddigtion plogéss. amet s
propagate p |1 el o the optical axis of the resonator and either cause
dieh eh

sti mul at ed Lampli ‘Eﬂim&cﬂﬁ robegause dhespds Bet apufiticient BactP P B1® the nmirror

facets. As gdplRitioh .of SRIIAL IeRXItiAG ik bGMUdeoﬂFlﬁaﬂate‘nEEhyps%ﬁk|t§'allé@1 the
optical axis is favored. As the forward current flow ng through the active

| ayer incr eﬁ@%“'atleﬁ@’ﬁﬁsa%fﬂ toRceHr toribe gegisedhabih Vil replace; thepe phetongdost
conducti on €g5@%sg§ causing a corresponding increase in the generated
| aser |ight. The ength o ‘the active region between the mirror facets is
an integral nulti pldowgverhavtieal d formaed enmgert abfove itlee thasshold valbe fiowst he

active | ayer‘chro R tﬁg%lclc !/g e{ %P, etngﬁ;é) %g%s flagth eI fnaétlfc])e orfeds*nonf’iecgron .
establishes a s ve oo th of Thetachiv ayer. i\portlon
of the genera'besﬂlft@isato thegdsﬂndustnbm aasdri mmjrdsbntmigimlhted emission

dominates the light generation process. Photons which leave the active area are

outnumbered by those which are reflected from the mirror facets. The photons

reflected from the mirror facets cause light amplification through the stimulated

emission process. When stimulated emission dominates the light generation

process oscillation occurs in the resonator.

Photons generated by stimulated emission from photons reflected

from the mirror facets propagate parallel to the optical axis of the resonator and

either cause stimulated emission of additional photons or are reflected from the

mirror facets. As a result, generation of light propagating parallel to the optical

axis is favored. As the forward current flowing through the active layer

increases, the fraction of the population of electrons in the conduction band

increases causing a corresponding increase in the generated laser light. The

length of the active region between the mirror facets is an integral multiple of

the half wavelength of the laser light in the active layer. The oscillation of the

laser light in the resonator establishes a standing wave along the length of the

active layer. A portion of the generated laser light is transmitted through the



3 mrror facets to formthe cone of light output fromthe |aser diode

For | aser diode currents above the threshold val ue and bel ow the typical
:maxi mum operating currents, the output power is approximtely linearly
related to the magnitude of the drive current. The drive circuits used in
the commercial application of |aser diodes are typically designed to
rapidly switch the | aser diode between the condition in which the | aser
diode is emtting laser light and the condition in which the optical output
power is substantially zero. CGenerally, t®is is acconplished by steering a
current of substantially constant val ue through the | aser diode in response
to a drive simjrar fagets Hefoigsibetcoge of Jight oypeh Tropetherlages digdenal i s not

asserted the CUT T ented Sl ARRRGHrANAUDSb Y o tARSho VAR anbBuioWiRE!  Of

driving the |laser diode wt current of substantially constant value is
to mai ntain tthpicalphaxisluno opgrating curentsa; the cutbet ponvetis|appuxinateiv linearlye over

the time in which drive current .i.s fl.owi ng thrgugh.the | r.di ode.

A verti cal cﬁllafef © dgggrg{“%{aﬁfﬁée F%{%%F”'??}ESE quri"gd%rcgggr%g?%'isn %‘% t he sane
pﬂysi ca: pri ?ﬂrﬂh@%iaﬁ&pﬁlbaﬁdgef €t gioﬁgs basspicilpdesigsédtp mpidily fwitent

physi cal confjiguration. In a VCSEL dj ode, a serjes of |gyers of a

et corr i o mih@iasar dipde fedyaen B sRvitana BhEBNS ssheiphy PraiEnd laphe

diel ectric cqpptand shobokdigseid anrRhtnaoptisdl ARG EMertih dubstastidly! zero.
percentage (in the range of 3% of the generated |ight propagating normnal

to the |ayer SSenerally; this dnacqamiishe by stesring cecernhol subsiantalvicpestaayer and
the adjacent djgl ﬁﬁ&&dﬁtﬂgﬁ%ﬁ% Aok RGLYSEHRe 88T aie didital fH fleflkbited bawers. A

l
portion of this generate ht 1s transmtted through the dielectric
| ayers and i sWben thedrivesignd! is oot hesestedithe sugent isdypessed aipwbthettagervol une

of the active er | V -l | lLger.apl &?ﬁt at of a
edge em tti ngd'é‘?%dgh%g‘\}?ﬁtg&?%‘r}'ﬁrgé g%e'gg%pf?%%wgu{lgﬂ%{e%?vé% éérIQ are
anonal i es i n ddmstapemblel ingo olemtatt teigpticelsowtputfB8ker ali osldsstadtiaih, for sone

gglplt Iagﬁél ons. corrr%%atntl%/%m%oévre?%t\ee gmteom %K%Umﬁﬁwﬁﬁ@m\% EL@\}; 81% aser

Accordingly, @o&ércuit has been devel oped to adjust an output power

compensator for a | agel. fta Savity sarfste omitibg laeer (R 442 operties by ind
same physical principles as an edge emitting laser diode using a different
physical configuration. In a VCSEL diode, a series of layers of a dielectric
material are located above and below the active layer. The dielectric constants
of these layers are selected so that a small percentage {(in the range of 3%} of
the generated light propagating normal to the layers is reflected from the
interface between the active layer and the adjacent dielectric layer and between
eac.h of the dielectric layers. A portion of this generated light is transmitted
through the dielectric layers and is emitted normal to the surface of the VCSEL
diode. The volume of the active layer in a VCSEL dicde is considerably less than
that of a edge emitting diode having comparable optical output power. There
are anomalies in the operating characteristics of VCSEL diodes which, for some

applications, must be corrected to make the use of the VCSEL diode suitable.

SUMMARY OF THE INVENTION
Accordingly, a circuit has been developed to adjust an output power

compensator for a laser diode. The output power compensator includes a



4 plurality of electrically controlled elenents, such as a vol tage or
current controlled bias current source, a voltage or current controlled
-:drive current source, voltage or current controlled conpensation current
source, or a voltage or current controlled resistor, for controlling the

| aser di ode output power. The circuit includes a |light power measurenent
device for neasuring the | aser diode output power to generate an out put
signal. The circuit further includes a difference generator arranged for
receiving the output signal and a plural4ty of predeterm ned values to
generate a plurality of control signals. The circuit further includes a
plurality oplusalisy ageleetri@nﬁhpgnﬁr@liedsqlmbn@ such p¢ avaltageyorgduresoint r ol si gnal s.

The, Pl ur al b s bioB it Yl SBBRL < fhaBEUP Bk Cechieys L Bljgggener ator

with the plur rlca ?con enents arrange
recei.ving t beurpbmcatagb)or@ijrreuncorwollaidg:mnenfsatbcm tureenplsdurek) biya abltage)r age

el enents. The circuit operates t st..th | ect a control
ol oment s’ 500t Rirertonged Psiiak dof Poatiia ot stade ol TSI OT 0t | al 1 y
const ant as cpetis Reludks Waight pewer eldasumintkri WeVice Y6 :aaas%mg aneldsedldiodet he
| aser di ode. An el ect rophot ogr aghl cC printi system i ncl udes a
i

phot oconducCHIPULRGVLT 13 geRergie e optRuUt Sigsesi hbe ehevity Eslidesdr. The

el ectrophot q&r&amecgé?femw aga.%e%t ﬁ:‘?“réé&%h&"thé aﬁﬂpu@sgné} énasae;suuﬁyuaﬂsf out put
power conpensator coupled t | aser diode and including a plurality of

el ectrical ;pr%dmrrrmq ‘@'W%tﬁem@fawrﬂapbrﬂéﬂ pbpeniral gignplsi clhsréiteuitng system

further incle i i put
power conpenggﬁ%r aﬁt’]g omaF Pcoglsli&ug u?fé%gﬂfr sgorfr%ser%glﬁél(}g ng}’t%nget& power
conpensat or stsmalmrﬁjmslataéit\f of stnaageaelemets arre@tcmplad tqadvasdiff@fertche | aser

di ode. o]} exposure udes a, | aser di ode
outpui  pondeegis R BT SRETRY of Ciegt Ay sEpt R e 4 Bla fode out pu
power conpeeaseatiog thepluralieg of cphnubladigrhars ﬁ‘bnetheqtlmmml dfstaragé eletriesds.

el enent s. Thﬁ\ac‘ghot oconduct or g sur.e s emfu[] @E i ncl ud@@ a]£

adj ust ment ciecUiHt OREHER o ?‘6’”? el%l%‘gf' Vo‘EPé‘tré’? BEMsBtRete Tiehsat or .
The adj ust Mejfp@ govkriofithe lasde Sicie reir@is RBSRINtIBMASIHSBIMR Rk plfies@? T or
generating an output signal and a difference generator arranged for

recei ving t HeNGne pidthsisgaduty Riclss srepepliedytoghe laseedieder ni ned val ues to
generate a plurali tXn Qfec%ﬂﬁéﬁlgraﬁdl'ﬂpamlu%n é\@st@rﬂhﬁ@ﬁd@rﬁt photoconductor and

a laser diode for exposing the photoconductor. The electrophotographic printing
system further includes a laser diode output power compensator coupled to the
laser diode and including a plurality of electrically controlled elements. The
electrophotographic printing system further includes an adjustment circuit
coupled to the laser diode output power compensator for automatically adjusting
the laser diode output power compensator to compensate for variations in
output power of the laser diode.

A photoconductor exposure system includes a laser diode output
power compensator coupled to a laser diode. The laser diode output power
compensator includes a plurality of electrically controlled elements. The
photoconductor exposure system further includes an adjustment circuit coupled
to the laser diode output power compensator. The adjustment circuit includes a
light power measurement device for generating an output signal and a difference
generator arranged for receiving the output signal and a plurality of

predetermined values to generate a plurality of control signals. The adjustment



5 circuit further includes a plurality of storage elenents for storing the
plurality of control signals. The plurality of storage elenents are coupl ed
to the difference generator. The plurality of electrically controlled

el enents are arranged for receiving the plurality of control signals from
the plurality of storage elenents. A nethod for adjusting the adjustnent
circuit includes a step of applying a first one of the plurality of
predeterm ned values to the difference generator. The nmethod further

i ncludes the step of generating a first &e of the plurality of control
signals using the difference generator. The nmethod further includes the
step of adj usireuiyfurther ingludesahelurdlity plesteragesglemontsifog siering thesplyralite oo t he

out put signa : | a i e of 1

pr edet er m neéowi@ﬁéfﬁeﬁgg%jﬁty %%gagﬁéelé@gﬁ{}e%rgoc RBP%S Rg%@gﬁf@[ﬁng&

el ectri cal | ygemaratoo! [Tde pliralityndfselectrically controlled elements are arranPEEGRI PTI ON OF
THE DRAW NGS . . A nmpre. t hqrough er st andi 0 he i nventjon my
e had 11 om RERsHtecRpkaR St bt Salé i The RRkrafty &6 sleaes ARERH"T aken
in conj unft :c ng&ﬁolﬂ ﬁ)h@dj@eﬂﬁ@lﬁ&#I?’djﬂﬁmégﬁwr&ﬂﬁ}dcmd%ia@t?p ofh applying a firsgure 1
is asinplified representation of the basic elenents of the exposure system
in an el ectr_BBﬁBfH‘g"ra'b'Fﬁ“(EV BF Prrdgtermined valuesto tfip differpace,ogieitons The -
nmeasur ed opt ifethoHirfiér iRNESs ¥ Qteg b BerftiatthgV# fitdt GRk 0¥ aNé biurdligy bace
emtting laser diode in response to a substantjally constant_ anplitude

pul se of cur cenirolgignaleysing _the differ enceFﬁeg‘_GFaéO'B T*S‘? neghask fustheg 'rﬁ‘é‘_ul‘i‘éﬁ#ﬂﬁ ed

opti cal out PlerPSpiRfiu QY thbfFE: e 6 hBIFINERY dHBbnid! SHRAISE REibhiguRg | aser
di ode in response té the application of square wave current pulses of

const ant anpisignaldgubstantially equals ftheyfirst ofejof the) plunality of peddetergaedraiuas pl ot

of the optic v ' ' ' r e.emtting
| aser di ode %\ergﬂéi g@hgggq\g{eag%fﬁs\‘?éh&s}?%%éﬁ%6¥ﬁ%%fF 3%?’5:6&%%{)@%0'%8&&?&“ so
shown is the drive signal used to generate the plot of the optical output
power . Figure 5 ismmmml nodel of a vertical
cavity surface emtting |aser t he optical output

power variation charmeiseitbédotgh understanding of the invention may be had from the

consideration of the following detailed description taken in conjunction with the
accompanying drawings in which:

Figure 1 is a simplified representation of the basic elements of the
exposure system in an electrophotographic printer.

- Figure 2 is a plot of the measured optical output power over time of a
vertical cavity surface emitting laser diode in response to a substantially
constant amplitude pulse of current applied.

Figure 3 is a plot of the measured optical output power over time of a
vertical cavity surface emitting laser diode in response to the application of
square wave current pulses of constant amplitude.

Figure 4 is an analytically generated plot of the optical output power
over time of a vertical cavity surface emitting laser diode in response to a drive
signal of varying pulse width. Also shown is the drive signal used to generate
the plot of the optical output power.

Figure 5 is a simplified mathematical model of a vertical cavity surface
emitting laser diode which accounts for the optical output power variation

characteristic.



6 Figure 6 is a sinplified schematic of the first enbodi nent of
an adjustnent circuit. Figure 7 is a sinplified flow chart of a
.method for using the first enbodi ment of the adjustnent circuit.

Figuré 8 is a sinplified schematic of a second enbodi nent of the adjustnent
circuit. Figure 9 is a sinplified flow chart of a nmethod for

usi ng the second enbodi nent of the adjustnent circuit. Figure 10
is asinplified schematic of a third enbodi mrent of the adjustment circuit.
DETAI LED DESCRI PTI ON OF THE DRAW NGS 6 VCSEL di odes can be
fabricated so that nultiple |laser diodes are contained on a single die.

Thi s charact eri sti Figuak 6ds dGHaplifiddositemagiefafthé dirstleatbadirperitrdfens whi ch
expose multiple lines on the photoconductor drumwith a single scan of the
rotating scaﬁ‘r‘ff% i By exposing nultiple lines with a single scan,

greater printing spaffle Qris addifnplified flow! chartdsferinethddeeP Usthy @Re AR be _
obtained without requiring an increase in the rotation rate of the scanning

mrror. |n SAPOHIRANT ofdepdigsBRYY g¥gVE- the potential for manufacturing with
hi gher process yi el BAa8 L4BIf5 Léﬂé&%t;@aq%éﬂgﬁggmbohm%ﬁ@f thgwe“ ng the

cost. Although the description of the preferre ment of the |aser
di ode out purdjpsimentcadigpiinsat or wil | be expl ained in the context of the

appl i cation of aVQ%Eh i Qde . n. r rqj skill in
the art will recogni e?%:"(rggan?' gﬁ%‘# géﬁ%r%rr{egﬁ%n eé'?‘*r%’ﬁ%’%’é@&ﬁh?%%?{% J<t he
di scl osed erbdddimeeritofahe mbpistragmtrcidiuitde out put power conpensator may be

used for any | aser diod pl i.cat.i.ons .in i C onpensation for bounded
exponential rise orﬁ%ggl)ﬁgfa %{ﬂpﬁiﬁ? B%hvﬁé?g&}/’a??%ﬁ]"gneé"n?%&rp% 7rbg.
Fur t her nor e adjdseméstacifouitg di scl osed herein would all ow one of ordinary

skill .in the art to make and use | aser di ode output power conpensators for
| aser di odes which have an out put power variations characterized by a w de

variety of wave shapes. DETAILED DESERPMONDETEEDRAWINGS Sinplified
di agram of the |ayout of the '
VCSEL diodes can be fabricated so that multiple laser diodes are

contained on a single die. This characteristic makes VCSEL diodes useful for
laser printers which expose multiple lines on the photoconductor drum with a
single scan of the rotating scanning mirror. By exposing multiple lines with a
single scan, greater printing speed or, alternatively, greater resolution may be
obtained without requiring an increase in the rotation rate of the scanning
mirror. In addition, VCSEL diodes have the potential for manufacturing with
higher process yields than edge emitting laser diodes, thereby lowering the cost.
Although the description of the preferred embodiment of the laser diode output
power compensator will be explained in the context of the application of a
VCSEL diode in a laser printer, one of ordinary skill in the art will recognize, from
the disclosure contained herein, that the disclosed embodiments of the laser
diode output power compensator may be used for any laser diode applications in
which compensation for bounded exponential rise or decay of output power
variations is required. Furthermore, the teaching disclosed herein would allow
one of ordinary skill in the art to make and use laser diode output power
compensators for laser diodes which have an output power variations

characterized by a wide variety of wave shapes.

Shown in Figure 1 is a simplified diagram of the layout of the



7 photoconductor drum exposure systemin a laser printer. The drum
exposure systemof a laser printer shown in Figure 1 is well known by those
-of ordinary skill in the art of electrophotographic printer design and so
will be discussed in only a rudinmentary manner. Further information
regar di ng phot oconduct or drum exposure systens can be found in "The Physics
and Technol ogy of Xerographic Processes”, by Edgar M Wl lians, 1984, a

W ey-I| nterscience Publication of John Wley & Sons, the disclosure of
which is hereby incorporated by referenceZ Rotating scanning mirror 1
sweeps a | aser beam 2 across the wdth of a photoconductor drum 3. The

| aser beam 2 photpegrsingtargirye exposyrel systom dsa lasee PEkef-ad be @gfurp [gxposure

phot oconduct o \ys@émf%. thorpr|rt st} 11BN RI WP KA dUin BOGhOGOSUGHGR dr U 3

rotates there creating ectrostatic | nage onto whi toner is
devel oped. Onskilbin thedirhaf glestcoptotpgraphie mintenddsign acbgmwilkbg tistusskd iasi c
| ayout shown in Figure I s conpatdible w.th g.1aser expgsure st em whi ch
uane mut 1 pl o adPierte AR g [t e L Rt SR
singl e set of exisuSsysterf¥ @as ®eFbARS ir0TTHRhy&itsi ARETarhnplogy o€ Xeebgeéghic dr um

3. A switching circuit drives the |aser source, fypically a |aser
di ode, to conff&essefe tb\gﬁgg'ﬁ‘fd“ofwtuf?é"?'ésg(ﬁ"“' BedHeyIntarseieach ﬂ‘tg‘é’?t'%{‘r é?ﬂ on the

surface of thgoihalilg EURS, Othe HidtMBsdrd'\bt GhichAB hefeblyYiRESTBbla¥e EHPRIGENEST B a
pi xel el enment. However, there are |aser nodul ati on techni ques that can

expose sub- pi Ratatingseansing mistask sweepsor lasrbberrd RarrEesst therwidisof ahe
printing resopLilfd0bhditd drubfs. bﬁﬁgtlgé'er%eéﬁu 9is éﬁﬁﬁi#@éle&iv@%o?é"&&h

resolution printing requires rapid swtching o ) aser diode fromthe
of f state to surdaasnofsthatphoterbndhetopdrgnaie a ine bieling Mmappertas the create the

smal | est possij i xel t \ rt] . e L.ght. mtted
fromlaser di Bg%t%gg'{‘as&%ﬁ%'géslreg}: ? Hir)%aﬁ% &g(})‘%q%%rg%ﬁ'ér%gllag%@ eég%tBAs#agL&nmigger beam
2. The cross semi wbithltopenisideselobed.h©nkeasfardineanskil inctbe sedwiimretdmizur f ace

of phot ocondug(:t Qr hdéum % i S %ﬁussi.ag. i n ﬁot h the .@or I oa@al and vertical

di mensi ons of '?aﬁé B’ _Vd’t”!’i. FWndn Siguce (4 £oMRRY Sé'l”ﬁb TBFPEHE | at ent
el ectrost ati csystB@ewhich uses InfiiEHIe Adber beariBicohéurferiiyl gropdgativig @f p;aﬂa&elsur face
vol tage of the photoconductor drumin the exposed areas. To achieve the
necessary degi¥eugh asinglaset ofoprticgdoPPeR AfeRy onjthe surfaceelrigtocanguetqint | y
control the gwum 3.

A switching circuit drives the laser source, typically a laser diode, to
control the pulsing of the laser beam 2. The smallest area on the surface of the
photoconductor drum 3 which can be typically exposed forms a pixel element.
However, there are laser modulation techniques that can expose sub-pixel areas
on the surface of photoconductor drum 3. The printing resolution is limited by
the size of the pixel element. High resolution printing requires rapid switching of
the laser diode from the off state to the on state and the on state to the off
state to create the smallest possible pixel element. A portion of the cone of
light 4 emitted from laser diode 5 is passed through collimating lens 6 to form
laser beam 2. The cross sectional profile of the laser beam 2 focused on the
surface of photoconductor drum 3 is gaussian in both the horizontal and vertical
dimensions of the beam width. To ensure uniform development of the latent
electrostatic image, it is important to maintain uniformity of the surface voltage
of the photoconductor drum in the exposed areas. To achieve the necessary

degree of surface voitage uniformity, it is necessary to tightly control the



8 sensitivity of the photoconductor drum 3 and the power of the | aser beam
2 across the length of the photoconductor drum 3. VCSEL di odes
:have a performance characteristic which, if left uncorrected, limt their
useful ness for applications in which only relatively small variations in

| aser di ode output power can be tolerated. A constant current pul se above
the threshold | evel applied to the VCSEL diode at t= t[err] causes emn ssion
of a cone of light at t=t[err]. This cone of light has an initial dianeter
and an initial power. As tinme elapses afger t[err] , the power of the cone
of light increases and the dianeter decreases. It should be noted that it

i s possi bl esfitivilynof MGSEhotb RaECIRRdRUH Bakd Heasdvidri st ithe 1dsbbednhie powver
out put decreases in response to the application of a constant.current pul se

above the t Apresh¥allengieef therphogerqnducisssemdber ease can be substantial ly
conpensat ed for ushigsd NGodd Raics bw.@'c‘gﬂé%%té?isﬁ& \WR&ae if Bfe
or the L di p

substantially conpensati ng ode out put power i1 ncrease. To
conpensat e fiogoreectied: rligait thaimus¢fResifor cpplications ipwhizh, ondy miativelyssihalhg

current sou f or..gener at i n n.increasi rrent over .ti.ne could be
used. Refer E’?r(r?\abt'ot?"g "g?agséf g'oﬁi,e %s"'ﬁ%%f’olﬁertcf?én%eé)iﬂ?tgg‘ GRISENUERE cone of
| i ght (usi ngulze mbasel tissrenestobdd leve! agplied torhes VIOSEL idilepawedt, 6atisest acr oss
the entire di aneter, of theggone of |i i onse to a

ight) over_ti In res
current pul Pg5forHeha Gan% OF gtk atd <ty g{l]‘i'%ﬁ‘?“ed/féfghfnﬁés BR MG dipmetenand of
whi ch the cuhhi€ifibl puivee ABSnRINEPRE aftehe, PeRIovdr df ke 86rcofighk | ght
i ncreased foll ow ng an exponential rise time curve. The Eower i ncrease of

the VCSEL dinsieasgpEnddhe sinmater decreasssr dkrruid by noterd (et i imPassiPidano- second

time const apbrainNPUSEL BicdkYHaFe thd SharBReABRSIHAE thdPWRer Ritfle ddifeds@lth Of
light with ten successive 50% duty cycle current pul ses applied. Over the

time period respongmie the arplisatier of ateonstaapghirent, pulsreabygsithe tiregwldpt i cal
A e R Y i S 4T P
Figure 2. the same desighttholughueshdisersest foplsybstaatiallyemingrensatinghfioc thecauses
{17s pover . UL 5 Pk, FF BaPhORR 15 st 7 VRRER o9, 2t
t he VCSEL didistiz odtbat pdueEla chrmpensatihgeuarent $duiss fartgeedating Be irfdéasasg Of
Figure 2 andculr:rieﬂ'tJ (ra\(/aer?’tir%tra %ould be used. Referring to Figure 2, shown is the measured

power 7 of the cone of light (using a measurement device which measured the

power output across the entire diametér of the cone of light) over time in

response to a current pulse of 900 nano-seconds duration. Over the period of

time for which the current pulse was applied, the power of the cone of light

increased following an exponential rise time curve. The power increase of the

VCSEL diode optical output was approximately 29% with a 140 nano-second

time constant. Shown in Figure 3 is the measured power 8 of the cone of light

with ten successive 50% duty cycle current pulses applied. Over the time

period for which the pulses where applied, the VCSEL diode optical output

power increased approximately 14% with approximately the same time constant

as the curve 7 of the measured VCSEL diode optical output power in Figure 2.

~ Although the exact physical mechanism which causes this power

output change has not yet been determined, it is suspected that it is related to

the heating of the active layer from current flow through the VCSEL diode. The

VCSEL diode behavior i}lustrated by the curves of Figure 2 and Figure 3 are



9 consistent with this hypothesis. The VCSEL di ode optical output power
curves 7, 8 of Figure 2 and Figure 3 have approximately the sane tine
-constants even though for curve 7 current was continuously applied and for
curve 8 50% duty cycle pul ses of current where applied for the
approximately the same length of tine. This indicates that the nechanism
causing the variation in VCSEL di ode output power experiences an
exponenti al decay as well as an exponential rise. Additionally, because the
measured tinme constants for the VCSEL di ogle optical output powers shown in
Figure 2 and Figure 3 are approximately the sane, this indicates that the
under | yi ng phgtisizedntaditte ctiis hgpotihesiVCIhe ISkl ediode opticahostpsit phweclsarvge i n

VCSEL di ode out pu ower over ti can be nodeled |inearly usj a single
ti me constant?q P} BéPFP {Zﬁé‘dgl%ﬁgtﬁvglaplpf%"émF'fehég'guﬁa\'f?aé"nqé ¢ ngtgg&sp%\?léennti al
decay time cUh¥fgh for curve 7 curhdtivasitohtiguduslylapsied apt dor airve 8ge0Rsrdityzed
VCSEL di ode out put power curve 10 anal yti cal Iéplgenerate for tgqe

cor r espondi nge¥sinavises pisgurrentyuaere @pplis for the aprtpymarely the gaype lgnoth gk ¢ ne

during which ihe Gyid Rlicafis that BledM@tnahisrh SadfingitHel BiatieN @1 VCBEL @lidqut
power of the VCSEL diode is between an initial power (Plerr]) and a final

power (P[err]outpThpoweai experiepoesan pxpangetialelgeny as wetgs anye@eaeid! §ige- power
at the tine . k ' Iq" j rvé8a. houv@hdcsur r ent
t hrough t he %@%ﬁgﬁ%ggﬁé%ﬁgégﬁnéaé?%dfﬁe g&géet!r”?tgéa%%%at | east fi \?ect‘i me
constants of bimputipoeetsyshyvphyEigem| 2 end Eigure Flaee dppraximatele the sampethidvel

f VCSEL di od h ' f1er .
appl Fod for _argPInal oh ndindpryaRE| FidcEin LR YESE F SR T8, 980

physi cal ef f egeSchahfe i ¥MOSEEiddd olithbeEpawer evepainentarabe dedeleddinesdie
underlying effect gives rise to the jnitial and final values of ch of the
out put  pul sesYsPd ardngledme ‘a‘?r?f&‘éntgﬂf b?ﬁh %8\%?0'55‘}‘\72” uim 8%‘“’&%"&‘3 e from
the start to phsorRAtlaidedalinhd Esdve VCSEL di ode pul se 12 of output power
curve 10, the output power increase follows an exponential rise tinme curve.

Then, during the ti mShgwm iadrigyraetisa BIpyof dOPeRIpFGd ekl fiete Ui 12, a
time during whjeh Lh&eotd Qﬁ%ly@éallﬁt@%nﬁ%o} %hez_@&?bs%gndiﬁ@ bMERP VOBEL iogkecay
of the underlying effect occurs so that the initial power of the second
VCSEL di ode pelsentidriveasigral ditf. f Eoreiithe tims duringowbich ghe putrentdivej signal It and
final powers associafqd WD SHREGIURPbr B FESEPERIGS BL NSRS ifitial

power (P} and a finél power (P,). The initial power is the level of VCSEL diode

output power at the time when a current pulse is first applied after the forward

current through the VCSEL diode has been zero for a period of at least five time

constants of the underlying physical effect. The final power is the level of

VCSEL diode output power at the time after forward current has been applied

for a period of at least five time constants of the underlying physical effects.

The exponential rise and exponential decay of the underlying effect gives rise to

the initial and final values of each of the output pulses of the VCSEL diode

output power curve 10. For example, from the start to the end of the first

VCSEL diode pulse 12 of output power curve 10, the output power increase

follows an exponential rise time curve. Then, during the time period immediately

following the first pulse 12, a time during which the output of the VCSEL is zero

13, an exponential decay of the underlying effect occurs so that the initial

power of the second VCSEL diode pulse 14 has a different initial power output.

The initial and final powers associated with subsequent pulses are determined in



10 a simlar fashion. The dashed lines continuing fromeach of the pul ses
show t he change in the output power of the VCSEL di ode over tine, had the
-pul se not ended, and the exponential decay of the underlying effect, had
the end of one pul se not been followed by the beginning of another.

The out put power of the VCSEL di ode at the beginning of a pulse can be
determ ned fromthe output power at the end of the previous pul se. Let
P[err] represent the power output of the VCSEL diode at tinme t[err], the
begi nning of a pulse. Let Plerr] represemd the power output of the VCSEL
diode at time t[err], the end of the previous pulse. Let T represent the
ti me const ard similat fashiond€hé diastiediinesicoatinegih§ dcim whctc bf thequulides showt the VCSEL

di ode out put gower yar tion over, ti hen .t he ou wer P[err] at
CLorr] oan 155308t b R bl Poechy e Voer 6as SCer ik diad Ra Ty

(Plerr] - Plended,)4rld thel éXpohgntial ldacay 6f the @idedpingatiect, h%théléHH oww@r Plerr]
at tine t[er , the end of the pulse can be determ ned by: equation 2

Plerr] = i q"t(qﬂférff’ﬁbwe‘il?‘f’ért'ﬂf peginninggf @pptherpy replacing t[err] with

t, equati On 2 can bﬁw@@%ﬁ@kb%ﬁo? ﬂwee‘?f@égﬁgdd@eatQHé BEdinmAY/eF agfuléeh@anVCSEL
di ode for tferr] é)err tferr Shown in Figure Is a nodel

whi ch repr eskendeietrhige ﬁr@nathmgatpehamet 2% thetendsofghe previarssRilsedi kridP.20 whi ch
| t t t t h
result in thg, !e@&ﬁtegﬂiﬁaéiggh I‘%lﬁgﬁ%l fﬂ‘cl}g Vd@?ﬁe& QY &f +inld& thQ%ﬁ%Héing%f"!“ ch a

current pulse i's ap Rasfzed tMa gr am of
Figure 5 is dulse. nhetﬁé.rmep@aentrmdeiqwag Opmqicna‘etbe V&S derit atdege ot thk rect | y

represent the rl iC rocess ich he VCSEL di ode 20
out put powerenth&d%a g%‘"%\% '?s? %ﬁprgse@%r%%%?peﬁm%é‘?l&geelén a VESEL drive
current in rmmab‘efféﬂ \ahh'hrrasqxts inphé V@SﬁuahodeT&ﬂpbt pewgr variagioh ovegnal is

formed froma ser ul ses of var duratiaon n a |l aser rinter,
the binary st gfial hf"@ﬁﬁ%?ﬁfﬂ"g W'(fataé a?‘ebfrﬁ?f?mﬂif‘ﬁ%byel ement s V\EI ch form

the printed page and is referred to as the video signal. The video signal
is
equation 1 P.=P., + (P - P )1 -¢eltat?m)

In @ similar manner, the output power P, at time t,,,. the end of the pulse can

be determined by:
equation 2 Poo1=P, + (P - PH1 - e®ey W™

By replacing t,,, with t, equation 2 can be generalized to express the output
power of the VCSEL diode fort, <t > t,,,.
Shown in Figure 5 is a model which represents the operating
characteristics of the VCSEL diode 20 which result in the increase in the output

power over the time during which a current pulse is applied. It should be
emphasized that the diagram of Figure 5 is for mathematical modeling purposes
only and does not directly represent the underlying physical processes which
cause the VCSEL diode 20 output power to change over time. Drive circuit 21
generates a VCSEL drive current in response to a binary input signal. The binary
input signal is formed from a series of pulses of varying duration. In a laser
printer, the binary signal represents the data stream of pixel elements which

form the printed page and is referred to as the video signal. The video signal is



synchroni zed with the position of the scanning mrror 1 to pulse the |aser
beam 2 as the scanning mrror 1 sweeps the focal point of the |aser beam 2
-across the photoconductor 3. For a | aser printer which uses discharge area
devel opnment, power is output fromthe VCSEL di ode when the focal point of
the | aser beam 2 is positioned at |ocations on the photoconductor drum for
whi ch toner devel opnent is desired. The drive current fromdrive circuit 21
is converted to output power by multiplication of the drive current by the
initial diode gain value (Plerr]/I[err]) Bhown in block 22. The
out put power variation characteristic of the VCSEL is nodel ed by the series
connect i on of synebranizad \WRh el pesipier pf tre soanniNigemivrer deto dulse thedaser dea®3 and

capacitor 24 ar > syl L i es
ho measur ed 7 Pedng STy Mfd T swshEs B! Minch, e Rl BB A BB BET
general i zed epiprtessiductdrdd. tHee aM@Sklprid@erpoieh used gisthatge iareg devplopsent,n
whi ch the begi nni n wer_ i s I S: uation . P, =
Plerr] + (P[ e??vjver_ g ISF'ngft]fﬂ'T tEL Fféﬁjﬁhdﬁode wﬁgn he Pooﬂ?%onm 8%‘8‘34??3% Deam 2
connect ed to #Qfshioned 48 lcbatiofs b €e phetoBenductéeiudrum f8hevhittheonet deo si gnal
is at a logic hi gh | evel , capacitor. 24 is charging through resistor 23.
When the vi defe\Giopmantiis dgsired. Thgidsive sywreat, Epm drivis gincu 2172 cogvertedipar gi ng

through resi sp@hu? BowkPbPenftidlcatiah of tREditeEdtent HYRhBAEA tide §fin 91L8UT PUL
power pulse, a voltage is present on capacitor 24. The voltage on capacitor
24 is scal ed (Rilla¥hovy ineblodis2By 3 scale factor of K. The resulting scal ed

voltage is level shi f‘l'f]@%upyuttd?!ﬁvé?qgi'igéi&pcﬁéra?tﬁ%icy@'ﬂ e Vsl is nddlida 8

then multiplied in multiplier 26 to produce e VCSEL di ode out put power of
equati on 3. Tt seried gonnedtiontaf resisios 23narel Gapatitere24.siTbe vakeafier rebistor 23

capaci tance Cal% cgﬁ%ﬂgl' ggltaé%Iélel%a?tﬁéeslo?t%%ﬁ%e{/%éﬁﬂHg!RCTtimé%%B%titargﬁ lin%chSt ant _of

the exponential rise an 0 ode r. The
val ue of K netesmaaguréd tipteochrsearanfabd putpup poeser vhitehVE8EC Hiegle tAtat Tiod VCSEL

diode 20 is deternined by setting t ressi on for fhe output. po of
Choati oy 5 eqfarertisen sabtsespbdel B VEsEl BD R i dPra & ilig DhERom ¢ he
bl ock di agr anmu@f beginning power is P, is:

Equation 3 P=P, + (P, - P)(1 - elt-t)/m)

The video signal is connected to resistor 23 and drives the RC circuit.
When the video signal is at a logic high level, capacitor 24 is charging through
resistor 23. When the video signal is at a logic low level, capacitor 24 is
discharging through resistor 23. In general, at time t,, the beginning of an
output power pulse, a voltage is present on capacitor 24. The voltage on
capacitor 24 is scaled in amplifier 25 by a scale factor of K. The resulting
scaled voltage is level shifted by the addition of a DC value 27 of 1 volt and
then multiplied_in multiplier 26 to produce the VCSEL diode output power of
equation 3. The product of the resistance R of resistor 23 and the capacitance
C of capacitor 24 is selected to equal T, the time constant of the exponential
rise and fall time of the VCSEL diode 20 output power. The value of K
necessary to produce an output power which matches that of VCSEL diode 20
is determined by setting the expression for the output power of equation 3 equal

to the expression for the output power determined from the block diagram of



12 Figure 5. The value of K so determned is (P[err] - Plerr])/ Plerr]
When the video signal is at a logic low level there is no output current
sfromthe drive circuit and the output of nmultiplier 26 is zero.

By adjusting the drive current to the VCSEL diode 20 in a way that offsets
the change in the voltage across capacitor 24, the effect of the increase
in the VCSEL di ode 20 power output over time can be nulled. Because the

out put power of the VCSEL di ode 20 changes linearly with the forward
current, this could be acconplished by dpiving the VCSEL di ode 20 with a
current having a wave shape which is the level shifted inverse of the VCSEL
di ode 20 oufFiguie POIBE vatuecsikge.determined is (PJ N PHHB, . pwrféhtthawﬂieb(k?érial)ﬂsl
entitled COVPENSAT| ON FOR LASER DI ODE OQUTPUT PONER VARI ATI ON,  severa

enbodi nent s@bf 99§ !&’é’%f’e"gz Higee &R%B?tpﬂbﬁ)éﬁ’e@cfﬁ?igl\g%fjme Uit Bpktheosed. The
di scl osed cbﬁ@utbﬁnmad.‘q,ep be gkt power fromthe VCSEL di ode substantially
constant. The term "substantially constant" as it is used within this

speci fi cati on nean8Yadugtingithedriva cyrert tathe NMCel: ¢ade gBvR @ WaNethal 5%
range. Each,gtedshf @hﬁﬁgjf{%etﬂeq}or itGHs taﬁrorsg‘&%alﬁr:]éc?%é %\}Cgﬂﬁoéﬁe&% Y&d HeMlatel N

order to effectl ve y nu variations out put power. These
adj ust nent sin thel VASEL HedRCQ poweroutputpvertiioe canm bemutidd. t BecavgSEhe

char act er! st pARef o POl csRe did A5G AEHERIPEEA TN b S S NEREL D1 25

current and drive curren makin
adj ust nent s this cohld Heasmondilished by idpvingptbaCIELNfieds 20 ovith a\cueasteha\miga

facturi ts, 1] h I t Th
embod ment s St T EPESER BB HE Bl TRt en Sohr A BARLR Y (i s
appl i cati on power eveshdpes | i m tation. Shovvn in Figure 6 is a

first enbodi nent of an adjustnent circuit 30 for a |aser diode ogpp
power conpensat or tp e PQ{?GF pRRliGEEPY eat'té%&PMEFAY%T'ONaFo%%ﬁ'EHtD'

resi stance \AluT PONVERVIRIATRIN, RSbA1 @R\G@dl\ﬁ%'n\zkeof £0H4bF bidde oBfHuist ment s
that associated with a photodi ode used to measure |aser di ode output

power. Thi s Podfer icetPansaiaf werergisclased.c dhe gfrcioped shjavitsheld he output _
el ectrophot %We?*?.;]?n Bid OE§EE disd \ﬂ%?é}h%g}e F?or bt ?ﬁ?ef 1efthOd66stadtifyPOr t on

of the circuit shown I1n Figure 6 ns corrpensatlonfor
vari ati on i rconsant”™ as it is used within this specification means a variation in VCSEL

diode output power over a 5% range. Each of the disclosed circuits required
multiple adjustments in order to effectively null the variations in the VCSEL
output power. These adjustments include the RC time constant used to match
the VCSEL characteristic, the gain of the transconductance amplifier, the VCSEL
bias current and the VCSEL drive current. The necessity of making multiple
adjustments on the laser diode output power compensator increases the
manufacturing costs, particularly for high volume production. The embodiments
of the laser diode output power compensator disclosed in this application
overcome this limitation.

Shown in Figure 6 is a first embodiment of an adjustment circuit 30
for a laser diode output power compensator that requires only a single manual
adjustment of a resistance value. The particular resistance value requiring
adjustment is that associated with a photodiode used to measure laser diode
output power. This particular adjustment is currently required on
electrophotographic printers using conventional laser diodes. The portion of the

circuit shown in Figure 6 which performs the compensation for variation in the



13 laser diode power is not shown in detail because it is not necessary

for illustrating the operation of the first adjustnent circuit enbodi nent
-30. The first adjustment circuit enbodi ment 30 shown in Figure 6
is illustrated for the case in which automatic adjustnent is perfornmed on

the | aser di ode output power conpensators for a single VCSEL di ode 20. The
parts of the | aser di ode output power conpensator of Figure 6 requiring

adj ust ment i nclude a conpensating current source 31, a drive current source
32, a bias current source 33, and a tineiB8onstant resistor 34. The val ues
of each of the current sources 31, 32, 33 and the tine constant resistor 34
are control | éebyiodelpoageds sopghdvetlirbgethil betausd jitistnognecessaryfiot 30

enbodi nent. £ hown i n Figure coppensating. current squrc 1 has two
Thput's whi oh TESTARE e epuatotal t TRE AR RE: SHRLE PG 2%ur at ed by
conmpensat i ng curr entTheditst adjddtment @irowio einbotiatent GOt stowar indtigire & ist he
signals at the two inputs. Alternatively, . B coppensatin urrent source 31
IR A B TMTCRARCEY ZEE TR G
generates a RiWtpQf pdWEr ERpetisaitis $orCP SNGRNECSELOdibAE 20O The Pa:t@ off the
conpensating current source 31 shown in Figure 6. . A light power
measuri ng dehe lasesdiofe utput poytes gempensrtob et Haeteodl resyiringmadigiimedt s t he
out put of V ' j b lyqati bR 2dL glg 20.
First resistor %?ggﬁgg%@gﬁlr{eﬁgsg@%?é%dgvglg%”i Eﬁse 35. The current
gener at ed by cuhrent seuirde3Se and attitee corstant fegistor @34 phlar valleslef ghfofdhe

t hrough resis €,60 f i j rst
rosi stor 36 Suerheukdia T orZone e the SRt L PRRARE L BB Y o
first unity geltagouédppliedBy firbeadjustment ofrcdit BOtembuidirgergaiAs hdwreim 37 is

coupled to t inverting input of first lifier 38 and the inverting

i nput of secdrW &mpfIPR ag&; Cﬁ*ﬁanﬁ?ﬁ-’%sg?‘?f’ﬁ\ﬂ%'%‘tﬁ ichy F?%tfoqéﬁ%lifier 38
is coupl ed tquareht tgenkrited. ETRE cu@bAtagmerited bi@ompansatingrduriegt ssurgé 3af
second anplifier 39 1s coupled to a second reference volt

. ¢ ] age.
Figure 6, fir$Praperignayse Hhaprodert a7thersignls ainheitodnras: i
amplifier 39 JoaigBndatild EGFERRUBRNET 8bQH KREmpldndrRE® 0SiRg ARMREAItGFors @t akes
the output signal generated by photodi ode 3!? as a re‘su?t of nmeasuring the
i ght power analgsumuiipligroshichdiesgmtona prefiugt akthe B¥o sigpals canpesfedto tnt r ol
signal s

In

two inputs of the compensating current source 31 shown in Figure 6.

A light power measuring device, stich as a photodetector or
photodiode 35 monitors the output of VCSEL diode 20 during the calibration of
the VCSEL diode 20. First resistor 36 is coupled to the anode of photodiode 35.
The current generated by the incidence of the laser light on photodiode 35 flows
through resistor 36. The common node formed from the connection of first
resistor 36 and the anode of photodiode 35 is connected to the input of first
unity gain buffer 37. The output of first unity gain buffer 37 is coupled to the
inverting input of first amplifier 38 and the inverting input of second amplifier
39. The non-inverting input of first amplifier 38 is coupled to a first reference
voltage and the non-inverting input of second amplifier 39 is coupled to a
second reference voltage.

In Figure 6, first unity gain buffer 37, first amplifier 38 and second
amplifier 39 form a difference generator 28. Difference generator 28 takes the
output signal generated by photodiode 35 as a result of measuring the light

power output of VCSEL diode 20 and generates a plurality of control signals



14 using. VCSEL di ode 20 generates a range of |ight power output in
response to controlling conpensating current source 31, drive current
.source 32 and bias current source 33 to cause various magnitudes of current
to flow t hrough VCSEL di ode 20. The out put of second anplifier 39
is coupled through a first switch 40 to first capacitor 41, through second
swtch 42 to second capacitor 43, and through third switch 44 to third
capacitor 45. The output of first anplifier 38 is coupled through fourth
swtch 46 to fourth capacitor 47. In Figue 6, swtches 40, 42, 44, and 46
and capacitors 41, 43, 45, and 47 forma plurality of storage el enents 29

for storing dshg. Plosal diodedo gadratRl aSaBHSbE ligHPIVAL @it ft ih hespdhkd g5 ence

generator. The input of second unity gain buffer 48 is coupled to fourth
capaci t or 4FoNYRENG GPRPENSAtingeR IRt $AYICE Hhaidiive pufrent aBirees 32Gngias to a
resistor divdeh pEaasfi (of h&i j reslh stor 50

coupl ed t hrough ﬁﬂrh SW tg?ug‘% QQﬁJesr@%H@?%sfbgr@o né@cﬁ% tﬁ@é’?‘étor 49,
third resi st\&¢SBOdiodn@0fi fth switch 51 forns a controllable attenuator. The

controll able atten 0 sel.ectj,ne t.enuat,i of .t he. qut put

second unit gain buuﬁieeéu@g{ §§?%°§%F iﬁ%#'s?\rmg éﬁcg‘i‘?legﬁméog%?hﬁg'ﬁgtnsc‘)@gcq g&rred by
t he seri es aorfivstct¢dpanitaf 4 ethooghy siont awitth 4tb §edohll capadih 48] ahd coupl ed
to the voltage c rol inpu f bhias curre urce 33. .The nqn-gr.ound
connect ed siatg?“@?‘qhg‘gﬁw it fhyrg cappoitery nigag;‘t%d’fF'ﬁ?tra;ﬂnpj@eg§§dei tors
i's coupl ed teupledshasiighfelith siiichvad tagsuriPedgRitol APUIN Piguid EEswRAsdsant

resi stor 34, c%ensati ng current source 31, drive current source 32, and

bi as cur r ent4Qdté-@h o8d 46 and capacitppred V44 3edb. afdyhh foramd Piudlity oON' si gnal
shown in Fi gitb@agl ewergtglt.)z_gtﬁae stdritlyy Ak gwsﬁﬁrufdéoguv%&hmgbasi&at%g-byTtH% vi deo

signal is the streamo inary print data use or generating the pul ses of
| aser |ight diffeengegenemtorphideobpuidefciasond Phity giainelefiar di®ails cospledity appl i ed

whi | e bi nar yedahahacia™7.t Pnd Bt %@%’f:'gegt%rﬁfej@niﬁg%;iﬂ buRBCL 8508 ﬁé(g?oe a,

exposure. During the adjustment process vi'deo signal is'n nt .
The LON si gn@bisia dindder foomedfitonpkeddnd resistoe 49 andhthlindedsistor BQSsupttidode 20

or e 20 AR 88 B6ARE 1100 DARGLAR ot BERR 4 L Sigpri”
t hrough OR g80carklfiftl BeviticA[Bat fddinstaédritrdliabletadtenbefdr € MMhBZohGollable
attenuator allows selective attenuation of the output of second unit gain buffer
48 using fifth switch 51. The common node formed by the series connection of
second resistor 49 and fifth switch 51 is coupled to the voltage control input of
bias current source 33. The non-ground connected side of each of the first 41,
second 43, and third 45 capacitors is coupled to, respectively, the voltage
control input of time constant resistor 34, compensating current source 31,
drive current source 32, and bias current source 33.

The "video" signal and the "LON" signal shown in Figure 6 control the
flow of current to VCSEL diode 20. The video signal is the stream of binary
print data used for generating the pulses of laser light to expose the
photoconductor. The video signal is only applied while binary data is sent to the
VCSEL diode 20 for photoconductor exposuré. During the adjustment process
the video signal is not present. The LON signal is used to control the current
supplied to VCSEL diode 20 for the adjustment process during the time laser
beam 2 is not directed at photoconductor drum 3. The video signal and the LON

signal are applied through OR gate 52. The input of third digital buffer 53 is



15 coupled to the output of OR gate 52. The output of third digital buffer
53 controls sixth switch 54. Sixth swtch 54 controls the application of
.current to VCSEL di ode 20. First 40, second 42, third 44, fourth
46, fifth 51, and sixth switch 54 are electronic switches. Electronic

swi tches are used because of their high speed swtching capability. It
shoul d be recogni zed that, depending upon the switching speed required for
t he el ectrophot ographic printing system sw tches having slower (such as an
el ectromechani cal switch) or faster switchbng speeds may be used.

Wth the addition of the necessary switching hardware, the first adjustnent
circuit 30 enbogbledtd theasutpet bf OR ddte 5QucTesseutpet eithirdi digitalsbuffyy 85k adapt ed
for perform ng adj,ustnent .o | £ pl e \ di gdes..in a .

el ect r ophot ogg‘é'btﬁ I3 SpHhy ﬁi"’l'tr?b és%s%@%n‘ sﬁ'ﬂf?ﬁ%r?ﬂf&ré)?s the "?pr?gfaet'r?é‘n?fa YISRLER an
‘adj ust nent ci MOSEL diddecPoperformed the adjustnment of nultiple VCSEL di odes
could be inplenented w thout requiring duplication hot odj ode 35, first

.of
resistor 36, first ufiey4Qaferondit%e thise 44 fourth 4 f‘fi%Fi5 r aA% SIXIh, JWEEH B

anplifier 39. ge electronic swWitehBs.l Bidcti@HicSswitdhes ard LSoM Kdtatte of tirmghod for
using the first adjustnment circuit 30 enbodi nent of Figure 6 to conpensate

for the outpusPershwitering gapahilityhdt shewd bstreeagnized sl dearnstng veen tife
calibration pg i&ﬁﬁ%ﬁ;‘%b P8auifeR fo b el@gﬂr&ﬁoﬁﬁpﬁh fiHtihg 3¢st8m0 eelitdREd

perforns the adjus i n"succession on las current source 33, the
drive current hevingsoved, (sutte as anplevsmrinachanisat evitckloerrfasteg switghingtspeeds ne
const ant resi storb34.dPJri ng the adjustnent of the bias current source 33,
the LON si gnalma}ys h81% at a low level so that sixth switch 54 renains open.
Wth sixth swi tch 54 whknhe thditionlof theineessisadyl swvitaning harduglre, V@SEEstdi ode 20

is frombias current squrce.33. ,Fiyst, fourth itch 46 is clagsed . 100 to
begi n_Lhe. adj GeMEERERT R0 Binbpaimetons Me 38 T ichestne Satotienst ey
di ode 20 resuldel aapfddoidr plfofrhipy fjustmeft 6LmuRIple YOBEK @iodds irph nges on
phot odi ode 20 causing current to fﬂow t hrough first resjstor 36. First

unity gain bufelestrophotogignhic printing syiem- datrfngenoter smipRSISARIRI Y35 to

the inverting J@RWhe® cifdfiSWhRRldridr@Ed 3Re abjubFlerR MR e \VESEIEHEdAL s an

out put which is the product of the gain of the first anplifier 38 and
could be implemented without requiring duplication of photodiode 35, first
resistor 36, first unity gain buffer 37, first amplifier 38, and second amplifier 39.

Shown in Figure 7 is a flow chart of a method for using the first

adjustment circuit 30 embodiment of Figure 6 to compensate for the output
power variation characteristics of VCSEL diode 20. The calibration performed
using the first adjustment circuit 30 embodiment performs the adjustments in
succession on the bias current source 33, the drive current source 32, the
compensating current source 31, and the time constant resistor 34. During the
adjustment of the bias current source 33, the LON signal is held at a low level
so that sixth switch 54 remains open. With sixth switch 54 open, the only
current flowing through VCSEL diode 20 is from bias current source 33. First,
fourth switch 46 is closed 100 to begin the adjustment of bias current source
33. The light output of VCSEL diode 20 resulting from the flow of bias current
source 33 impinges on photodi‘ode 20 causing current to flow through first
resistor 36. First unity gain buffer 37 couples the signal derived from
photodetector 35 to the inverting input of first amplifier 38. First amplifier 38

generates an output which is the product of the gain of the first amplifier 38 and



16 the difference between the signals at the inverting and the
non-inverting input. First anplifier 38 charges fourth capacitor 47. During
-the adjustment of bias current source 33, fifth switch 51 is |eft open.
Therefore, the voltage supplied to the bias current source 33 is the output
of second buffer 48 unattenuated by the controllable attenuator fornmed from
second resistor 49, third resistor 50 and fifth swtch 51. The
application of voltage to bias current source 33 changes the |ight
generated by VCSEL di ode 20 thereby affegting the flow of current through
first resistor 36. In turn, this signal is coupled to the input of first

anpl i fier 3hd diffehdiceddiweén tie $ifcalé bOMeOhveting @Rl thé ash-HveRirguhpent source |
33. In this_panner, the negative feedback IooB formed by first anplifier
Y

38, bias cufirghAmRIfier 38 cfwrdes fouphsparitict BsDYiRG theerdiysiment ot bias val ue of

bi as currenkugen fird333 riftR 3wilche VRIIERYPAC PeRfbie! file YotRLEsAPpIRRA | S Set
substantially equal to the value of the first reference voltage. The term

"subst ant i af? fheebjagcurrent squrees Sgde theputhihot sroond hutfier A8 anaBenuasedbywi t hi n
the range OfthéeFtISrﬁFoll\éBlftaﬁ%ugﬁ;rg%ﬁ?ci]ﬂgrﬁ ﬂa‘é%& Ir%tgpg?gg@@a@é%‘w gl§ | nputs

when first anp ler 38 1's used W I'n the negative l'oop. The
val ue of t hend ififdtswitdheb&nce voltage is selected so that |ight power out put

generated by VCSEL -di ode,.20.is significantly |less than,the |ight r

out put required for-lcrlﬁia 8”3% |%%§Y‘ﬂ%gﬁﬁ8$&§o%ﬁﬁé‘? 8?‘%'“%%&"3‘3[‘?‘9’%‘&%@%3 ue of
the first rgkasratmicbwVICSEYealiovde20 tihaelsebffedtid he fldnabf tlreerRitAdugb firent
source 33 alone cguses .the VCSEL dj ode 20 to, generate |light power near .05
MmN At this P8I gghgn\?ﬁrlnuéh'ﬁfs'%agbs ‘i?b'PégrfP tEgl'ﬂ'pé'é%grﬁt? _“QE%%? anount
above the cuyafRétadj@dingtad flod ofelesrtifidig bidhri@nt sb@se 3! i1ghkisf rom VCSEL
di ode 20. After the negative feedback Ioo? operates to set the

18t

bi as cur r entMa¥E0r1bE negatve faedbackhloordamediby fiest gernd bighewsentat el y . 05
my fifth %%F&mélafddgpmteas&le %@Joaemégws%ﬁgwam &fmeasvg]rreﬁggoérl&ep' ' eg to

the control input o ias current source 3 romthe condition In whic
fifth sw tcl3330 that thpualtagecaaross fifst rémistef BEds seffsubhantialivt emial tibthe

ot euaLer YA B ECAM eI b ol A Yl e el

sel ect ed so witlsit thiaespecifitatidrl mighes alithenthet mnge eflecarsvoltage between the
inverting and non-inverting inputs when first amplifier 38 is used within the
negative feedback loop. The value of the first reference voltage is selected so
that light power output generated by VCSEL diode 20 is significantly less than
the light power output required for discharging the photoconductor. Typically,
the value of the first reference voltage would be selected so that the bias
current source 33 alone causes the VCSEL diéde 20 to generate light power
near .05 mW. At this level the value of bias current source 33 is a small
amount above the current required for generating coherent laser light from
VCSEL diode 20.

After the negative feedback loop operates to set the bias current
source 33 so that the VCSEL diode generates approximately .05 mW, fifth
switch 61 is closed 101 thereby reducing the voltage supplied to the control
input of bias current source 33 from the condition in which fifth switch 51 is
open because of the effect of the controllable attenuator formed by second
resistor 49, third resistor 50, and fifth switch 51. The values of second resistor

49 and third resistor 50 are selected so that the controllable attenuator reduces



17 the voltage supplied to the control input of bias current source 33 to
a level at which the bias current source 33 alone is a snmall anount bel ow
-the threshold for generating coherent |aser light. After the adjustnent of
the bias current source 33 is conplete, fourth switch 46 is opened 102 and.
fourth capacitor 47 holds its voltage until the performance of the next

cal i bration operation upon bias current source 33. Next ,
adjustnment is performed on the drive current source 32. First, the LON
signal is set at a high level 103 therebyiZcl osing sixth switch 54 is cl osed
t hereby causing the current fromthe conpensation current source 31 and
drive currentthe @ghage Sippilied ftb ake tbntoolghpMCHHEiasdcurtbat 20uiica 3Bdwi 2 leyrl &b t he
bias current. Thjs results in the tgl current. flow throu CSEL di ode 20
exceedi ng t heVhig é§?1§135 qugreat s%‘frcﬁt?%‘r%ﬂ?e P gmelbampynt %eé%‘ggg? i\/lﬁrﬁghc% er ent
laser 1ight. feygbnerhtihd BolsetehtClasérdight. CAREeCthe Hifusthett el the ieasoeurpant Of
second anplifier 39 is coupled to third capacitor 45. Tr}e | i ght generat ed
by VCSEL di ode@upes %%EFS%%‘“E@F%JHP”'B@"‘MCBWQ ﬁr"@ﬁ@ﬁ’ﬂpgﬂ‘drg‘éﬁtégﬁﬁ’a‘g "éer eby

generating a t?dé&é‘ﬁé VBrgQget BEUAE pbitbithartidl Sithe bRk SukbfationpetdtichNdnnver ting
i nput of second anplifier 39. The output of second anplifier 39 charges

third capaci t jas 4§£refWSt0hlrQGn33d switch 44 closed, a negative feedback |oop
s formed from driveng ARk AOH & hertbrmpdih Ol e ditrerttdurBoENdraEp! i 1 er

39. This negative fee oop adjusts the value of drive current source
32 so that t hthelldNsighalghtsepete highclerelatQaitherebyCBeEingisistheswich §4dsf f i ci ent

to generate a vol e.across first resistor 36 t i r equal
to the val ue ‘3?5#1@1%5‘3&?0??&’5?“&@Fe%&rgnfltrpfna%% .°°ﬂﬂ%§£?ds°§‘a‘%@%r?gﬁ’gﬁe§%y

anmpl i fyi ng t hgndififect@rert Soatcsed té Howthré BHEECSEL diode i20vieratiditignandhe
non-inverting inputs of_the secaond anpljfier 39 and usi hi,s v eto
control the dPRYEUEERY em'sé‘éﬁﬁféénéb‘?g&ﬁ CWEﬂ"ﬁgloﬁ’fth(?f@%s\Zg%ﬁddPgF?rognce

vol tage is selgekBilgthe thebhsltideel 6fcufBht RUiFdHEfo dehératifly Ushaent laséhe
val ue necessary to generate the nom nal value of |aser power from VCSEL

di ode 20 needtghtt dNextsttrsryeitemas inelosed il cpdhat the output of segpad pERlitsyNn 4|
2 2 0 B fabtpfon skl g e,
| aser output pavses cirrent MCHEN thrauh M6t registere3q therebgngenerating a signal fed
through first unity gain buffer 37 to the inverting input of second amplifier 39.
The output of second amplifier 39 charges third capacitor 45. With third switch
44 closed, a negative feedback loop is formed from drive current source 32,
photodiode 35, and second amplifier 39. This negative feedback loop adjusts
the value of drive current source 32 so that the laser light power generated by
VCSEL diode 20 is sufficient to generate a voltage across first resistor 36 that is
approximately equal to the value of the second reference voltage. This is
accomplished by amplifying the difference between the voltages at the inverting
and non-inverting inputs of the second amplifier 39 and using this value to
control the drive current source 32. The value of the second reference voltage
is selected so that drive current source 32 is adjusted to the value necessary to
generate the nominal value of laser power from VCSEL diode 20 needed to
discharge the photoconductor.
The LON signal is kept at a high level and third switch 44 is kept
closed for at least five of the time constants required for the thermal

stabilization of the laser output power from VCSEL diode 20. While the LON



18 signal is at a high level, the output of inverting unity gain buffer 55
is at alowlevel. Wth the output of inverting unity gain buffer 55 at a
-l ow | evel, the voltage across tinme constant capacitor 56 decays to
approximately zero after five tine constants. Because the conpensation
current generated by conpensation current source 31 is controlled by the
vol tage across tine constant capacitor 56 (in addition to control by the
vol tage across third capacitor 45), when the voltage across tinme constant
capacitor 56 decays to zero, the conpens@tion current will also decay to
zero. By applying current to VCSEL diode 20 for this period of time, the
vol t age condigmdilis aga high ldvely ehecoutpansdf moerting urtySiin BufféhE5 isadtueioRecessary

to nmeet the n al VCSEL di de out . power required for discharging of
t he photoco ﬁlﬂ‘%cﬁ&i’!‘ﬁ%&'tp{‘ﬁ érb‘f‘?ﬂ'i"?qpﬂ?l't‘?ﬂ?ﬂ‘ bugfer ggr?ﬁ@ﬂ?&’t'f*ﬁ"d B rent has
decayed to @qigedcriisairie £8hS&tadt Jfala&o.v%labc@vso@eammat@pwb a\fﬁzrr' ation
due to therpal effects has_reached equilibrium

negative feb¥biTR 908Nt PEeAYSS the co@mPEDsationtcusisnt genesated by set t he val ue
of the vol t@(ﬂﬁpé}ﬂ;ahbh 'E:erﬁﬁpé’&lr&9@14§ contuﬂ?blre‘a htec\n)lt%?e aﬁro@?eﬁpt?eﬂ 105. By

opening third switch 44, the voltage on th capaC| or 45 is held
subst ant i al f§nstyHEpAcitarh (inadditienxe e@d}rgbbvr@mt veltageacross third Next ,

20 St TR0t bapaRREY Ao GATBERAR 0l o SR ap 30N 5 o Ly shoul d be

noted that the nagni ensa on curren roporticonal to the
product of tére, thel chgmrmatlereconelnmmaalsd decay3oameco.t Bg applytr@grmrmmt tto me

constant ca ' he, LON si I s, set vel

signal is hgﬁ%ﬁ d'oqrse grtlhé %‘?m}dl '8? PR ftf’?l%cﬁ%tﬁ‘gy%{r? ‘frﬁ'&ﬂ“rr@d‘tf or the
VCSE:_ gl odesdlficé & sacit the vhhlatnebb&awtd)utele’pmwﬂil orﬁfwai\/@SEEL dio@éﬁwui’;ihtr eﬁC hes
equilibrium Settin e Si to a low |l eve ens sixth swtch 54.
Then, the LBRIVES Efﬁ&ﬁ "iggm ‘b% 9&@%9@%%&?%@ eh§he mendition hatwi t ch 54
so t hat t hetid éotBpdisbtiRg cuABit KA BERAFad t&lp&u&rn%%anyfﬂewvaﬁAﬁ{M@sMCSEL di ode
20. At substantially the sane time that the LON signal is set to a high

val ue, secof@dsQutry PA?ZV‘?fsVaé'IaEQ'édU&@Bth%maéeffﬁﬁe *taha%aqhsd§nailllb"wel ative to
the thermal tine cogahant n@é%t re Efiﬁléc(kggogﬂ'lchﬁl $g?’8?|&ea{;ur¥§4t'§gu%f :ﬁ"ﬁ period

of time that second switch ose no grea er than
one tenth ofetthe vailuesoicthestoitage oh thine ce@sitior diSOﬂEché)chﬂ patis ppeverd

variation. %6%0% &fg?\lu]lé {h%lrd switch 44, the voltage on third capacitor 45 is held

substantially constant until the next adjustment cycle.
Next, adjustment is performed on the compensation current source

31. It should be noted that the magnitude of the compensation current is
proportional to the product of the voltage on second capacitor 43 and the
voltage on time constant capacitor 56. The LON signal is set 106 to a low
level. The LON signal is held low for at least five of the time constants required
for the VCSEL diode 20 to cool so that the output power of VCSEL diode 20
reaches equilibrium. Setting the LON signal to a low level opens sixth switch
54. Then, the LON signal is set 107 to a high value closing the sixth switch 54
so that the drive current and compensation current flow through VCSEL diode
20. At substantially the same time that the LON signal is set to a high value,
second switch 42 is closed 108 for a time that is small relative to the thermal
time constant of VCSEL diode 20. A typical value of the period of time that
second switch 42 is closed is a period of time no greater than one tenth of the

time constant of the VCSEL diode 20 output power variation. Second amplifier



19 39 amplifies the difference between the second reference voltage and
the voltage across first resistor 36. Second capacitor 43 is charged with
‘this anplified voltage difference. The vol tage on second
capacitor 43 adjusts the value of the conpensation current generated by
conpensation current source 31. The negative feedback |oop forned from
phot odi ode 35, second anplifier 39, and conpensation current source 31
adj usts the val ue of conpensation current source 31 so that the val ue of
t he out put power from VCSEL diode 20 is si®ficient to generate a voltage
across first resistor 36 approximately equal to the second reference :
vol t age. The 3%hmelifids thealifferepcd beiovesn the s¥G3id refiéredee P@tage andithet i me has

not been significantly increased eating of. Vi i_od The feedback
| oop adj usts ‘f°ﬁ|t€9?/5f’i?és SIEStIERSIN %épg%ﬂngr‘%ﬂgc'% E%’gth‘taF?ee%sVéﬁ%ﬁ §¥¢ he
conpensat i ng ghlifiedtvoitade differétidgeve current (previously adjusted by setting

the voltage on third_capacitor 45) set the o tg{ﬂt ?ower fro;n VCSEL di ode 20
at the nomi nal pover IHe¥tage 9N $e50NH CSRAFIAS vstp fhéelin e t oconduct or

bef ore ther mdongidn@stion B&Gert Jeetdied BRTBmpRAsAIGNBUreRP¥RIrcOB1VCRHE- di ode
20. After the voltage on second capacitor 43 has been set to the necessary

val ue, seconchesative feedpapl logpcfaered from photodiode 35zggqondapRidiersR: and
performed on &{?ﬁpé sgﬁoﬁgﬂﬁérﬁ@?urr%éftaB{us?'sA'the-'Ufam%, S ptkatiGive&t&ie 34 1S a

voltage controll'ed resistor. The adjustnent of time constant resistor 34 is
performed so sdwite Bhsotthattheoralueof thecyutpek mweri fnem MSEHLdiede @Qiist or 34 and

ti me constant ilo t t | . f t her mal
ef fect causi nsglﬁﬁérgﬁ%{q enn%?zﬁcgt%nga%f% pa{(}fﬁ ssg\f/@? Q%#%@E{a&g%%&ejg .eqf"%‘etg houl d

be recogni zedthelsattond referende veltpgs sThé ealue ofsihe butpht power oV CEER®iagienst ant
of VCSEL di odz?zo h .usitfrilaq%a

fixed.value far ti constant .resi.star .34 and
a tinme consta aﬁgﬂgé'meo ot heen sl‘ﬁi?"if'\?‘%l'?%[ﬁ%&?oqﬁ?e t“n“@&%é‘f)éa% &gﬂ%e. A
varact or di odgomael¥edtied 166H adjusie thONEIBUN RPAE chedcitob43\éartaat tHe di odes
have the characteristic that the capacitance_across the PN ;éungti on of the

di ode is cont #¥niofdhe gompensatipgreyerept aad Mspiivedcurtent fRreYPHY adifTiiebyre a
variety of cigguhl t9@0b&YY G HaRScaMatedt IBYsdpendIs@put BowBPHBREVESEDE
function of time Constant resistor 34. For exanple, using a
diode 20 at the nominal power necessary for properly discharging the
photoconductor before thermal effects begin to increase the output power of
VCSEL diode 20. After the voltage on second capacitor 43 has been set to the
necessary value, second switch 42 is opened 109.

Next, adjustment is performed on the time constant resistor 34. Time
constant resistor 34 is a voltage controlled resistor. The adjustment of time
constant resistor 34 is performed so that the time constant formed by time
constant resistor 34 and time constant capacitor 56 matches that of the time
constant of the thermal effect causing variation in the output power of VCSEL
diode 20. It should be recognized that it would be possible to match the
thermal time constant of VCSEL diode 20 by using a fixed value for time
constant resistor 34 and a time constant capacitor 56 that has a voltage
controlled capacitance. A varactor diode may be used for time constant
capacitor 566. Varactor diodes have the characteristic that the capacitance
across the PN junction of the diode is controlled by the reverse bias applied to
the diode. There are a variety of circuit configurations which may be used to

implement the function of time constant resistor 34. For example, using a



20 voltage multiplier and a current source it is possible to form an

el emrent that behaves as a voltage controll ed resistance. - To begin
-t he adjustnment of tine constant resistor 34, the LON signal is set 110 at a
| ow | evel for at least five of the VCSEL di ode thermal time constants.

Then, after approximtely one VCSEL di ode thermal tine constant has passed,
first switch 40 is closed 111 for a relatively short period of tine not
greater than a tenth of the thermal tine constant of VCSEL di ode 20. The
negati ve feedback |oop fornmed fromtinmezpoonstant resistor 34, photodi ode
35, and second anplifier 39 adjusts the voltage on first capacitor 41 so

t hat t he outvgitdgepowtipliafandGoElrremtosteir@&Qit iisspadsitiiéeo fani araklelmerethat The

adj ust ment pf, t he vol tog e on fi-gs{ capaci tor 41 changes the value of tine
constant reSFRAVEP 282 WER fonpplle b‘iﬂf'g?fé“&ti on current is set a val ue that

causes VCSEL di odeT3belgth tHét ddjlistiiaft B fidadonsine kesitoP 94 Cthe LN bignbil I St
switch 40 is opened 11 2. In setting the value of tinme constant resistor 34

f
so that thelSoift JuP Poulow velkosat lesspiige ob thesVEBEL Biodadhermal v ue, the
vol tage of fhfsthntsaPifeht theflép;%rﬁxﬁ%te@%nte%SéLh&oaé WerQNGhe dboniQ gfd| by

q
time constant resistor 34 and tine constant capacitor 56 IS Sonme ess

than the ti has pessedafitst sivitahed fscglpsad b1 T &arta relatively short period, ofttivee haN
signal is s f . di ode 20
) nérealélr‘?thgltl aatek%s%iaﬁ‘\réesﬁ{'ﬁgl (;c?ﬁes lé(?rt?sl%%rbt %fx\gcf%\ﬁlgge ¥GS e

thermal ti constants. sirgnal at a | ow
| evel , si xt hegativecieedblackdoop éoratkdainamrtonel constamunesistur 3d, pbotudentea3s,0n

current flows,through VGCSE i ade . wever .bias current continues to
flow thr ougﬁnQ/égﬁmg?rB@g'seﬁé&?@F%ﬁsﬁgef’ AR g'fsér‘l’gpa‘f'{f\f\/%fqoﬁ'° '31?% Meast five

t hermal ti meutpunpoaer of MDSELediode RDIis aethe hdrmmal 18vell Mheaijlidtinbrvsf e of the
t her mal effec} on tﬁe out gu,t power of VCSEL digde 20. Then, the_ LON signal
is set 114 YP'tageprfrstspppeitofbl chapges the yalug of timeeanstan resiRtPhaft SO me

constant, fith&tths Wokpandftidroc@adthis 66105 08lud thdt dasReUCBERRBRIUBSD ®YCl e of
adjustnent of the value of tine constant resistor 34 using the negative

f eedback | oS¥tEBtheaomynalilenel ebrewant Nessifisstoywiteh 4Q\is eppnedrid 2of I hi s
~adj ust ment  GX&lS th foohl ' r the vol tage
on first capa{gin’?’otr E%ll}régéu tgciohgﬂagﬁeggl%&g?ufﬁgﬁéttis&ng Ogﬁ)ﬁ‘st?)g’mep%{)rned by
ti me const alMCSdpdicde 3P i56t tineininal valnet thetvoltege of first 84pacitos dirdsvaett

greater than tig o6& WREAN tQnedy GiNE"TBLal] [&%tor £ LSS time constant

capacitor 56 is somewhat less than the time constant of the thermal effect.
Next, the LON signal is set 113 at a low level for at least five of the

VCSEL diode 20 thermal time constants. As a result of setting the LON signal
at a low level, sixth switch 54 is opened and no drive current or compensation
current flows through VCSEL diode 20. However bias current continues to flow
through VCSEL diode 20. Holding the LON signal low for at least five thermal
time constant provides sufficient time for the equilibration of the thermal effect
on the output power of VCSEL diode 20. Then, the LON signal is.set 114 at a
high level. Then, after approximately one fchermal time constant, first switch 40
is again closed 115 to begin another cycle of adjustment of the value of time
constant resistor 34 using the negative feedback loop formed by time constant
resistor 34. At the end of this adjustment cycle, the value of time constant
resistor 34 set by the voltage on first capacitor 41 results in a value of the time
constant formed by time constant capacitor 56 and time constant resistor 34 is

somewhat greater than the time constant of the thermal effect. After



21 perform ng successive cycles of the adjustnent of tinme constant
resistor 34 in this manner, the value of time constant resistor 34 wl|
-converge upon a val ue that approximates the tine constant of the thermal
effect. Typically, eight iterations of adjustnment are required to
approximate the time constant of the thermal effect so that the
conpensation is effective. However, it should be recognized, that depending
upon the thermal time constant characteristics, a greater or |esser nunber
of iterations may provide a sufficient aproxi mation of the tine constant
of the thermal effect. After the multiple iterations required for

adj ust ment " ofpelfaemingRiceSstiieddicldsest the QidjubdmantofCmiplcehstant fesistorsdd trch 40
i s opened thereby holding the voltage on first %\paﬁrietor 41 substaptially
const ant unt ithistannesxthecealyenplatime copstant F%sﬂs'%'oé HNIEARVEESS LR 2 ¥ABSdi nent

30. théi‘?ﬁddk%{é%é ¥E tPEREALAE @d Mbrrhdl@felt. STyRBillys bighet Ci rcuit

enbodi ment 30 co use an integrator in substitute for second anplifier
39. Use of aritératiangraftasijusteent are requiredsteptnrspxigiag e inacansippt ef dce
bet ween the sgcond refer 4o t: Pt Helvelar tsHétid e 9ai N
buffer 37. Thig Sfg eé:r?sgggagﬁggtt’g?’gngé}&fne'?gﬁ%e Tesults 1h val ues of the
bi as curr ent , recbgnizkd, thatcdepeading upbs tbe tingmahtimercongtant pharagtiedsti¢re & i ne

A R R
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scanner. The | aser scanner sweeps the beam generated by. VCSE L ode 20
across the sudiggtaest of the B‘HStCGEBWHEE‘TSEﬁmﬁgFﬁ%C%TB@ﬁ'ﬁlﬁﬂost"gtﬁha%?ui'%

printer. Typi gaddet thbf8y HaRfig BfeAldifige i dicClirddl88patito P4 Risubstantiilygmdtanti 1 1 or
that sweeps the |aser %e_am across the photoconductor. Associated with each
pass of the uatddhe pexhealibration afifirstadjustment gircwit gmogdimest 3Reri od of time

(typically about 30(}%’nogltetrx'é§iv§%?»%réiﬂ¥§t)orf 8f thdh¥irehadiigndent ¥eQnal mrror

does not direct the l'aser beam e surface of the photoconductor. The
| engt h of theembedivent 30i creild uses armititegriatariie sviggsitutediop gecard anpldienBO- enough

o 1o ok, ERRAL 5 BBl i 550 dRchSE Ealudy on of
i s a schemat i ge@ndarefrendetvaligs sindehe ootputwiftfirst unity gain buffer 37. This
smaller steady state difference results in values of the bias current, the drive
current, the compensation current, and the time constant resistor 34 so that the
adjustment circuit is closer to fully compensating for the thermal effect of
VCSEL diode 20.

In an electrophotographic printer, VCSEL diode 20 would be used
within a laser scanner. The laser scanner sweeps the beam generated by VCSEL
diode 20 across the surface of the photoconductor in the electrophotographic
printer. Typically, the laser scanner includes a rotating polygonal mirror that
sweeps the laser beam across the photoconductor. Associated with each pass
of the laser beam across the drum there is a shorter period of time (typically
about 30% of the sweep time) for which the polygonal mirror does not direct
the laser beam to the surface of the photoconductor. The length of the thermal
time constant of the VCSEL diode 20 is short enough so that this shorter period
of time could be used for the calibration qf the first adjustment circuit
embodiment 30.

-Shown in Figure 8 is a schematic of a second adjustment circuit



22 enbodi ment 200. For sinplicity of illustration, Figure 8 does not show
the hardware used to performthe conpensation of the VCSEL di ode out put
-power. This hardware would be simlar to the |aser diode output power
conpensat or shown in Figure 6. The second adjustnent circuit enbodi nent 200
is-adigital inplenentation of a VCSEL di ode adjustnent circuit. Photodi ode
201 generates a current as a result of incident laser light. The current
generates a voltage across resistor 202. Analog to digital converter 203
generates a digital output value correspending to the voltage across
resistor 202 applied to the input of analog to digital converter 203.

A digital reheoditent\aioeFansimiplicitp ot pmktrﬁﬁorarl:ﬁtj@@fitdbesin@i t;ad;wcta}averterl 203:
are supplied to digital conmparajor 204. The digital reference value applie
R0 dr o) Fal daifpaed 5o PoUBI dbh SABON ST E ARG VEPELodaRtpH BRWREqu T ed
to control tims NabW@revoulEbE smSilaF ¥6 tRd lasel MiBd&biipRt BBWEEBSmpéiiator
conpensation current and the value of tine constant resistor 34. Di ?ltal

conpar at or Zhawedmbiguse 6 hEheipetand adjustient aigpiity erabedimant?@g) is @ dinitg t al
converter 2Qgplethdntftidh & 4 %"gsre‘ifcﬁs&é‘&?uwﬁéh‘% cﬁeaig.esn@mo@g JA ikt of
the conpensation circuit undergoing adjustnent. The digital conparator 204
i ncl udes an 4 ewrrenteata reaulpof inodery lakee lighe nThecurpant generatescapblitabet o di gi t al

counter 205. i i qi s oupled to
a1 nor emeni®c o (PSR R  RHbiBY so tigith Bbhityel WAL eSS i S g1 ¢ o
conpar at or 2A@ue eoreespphdidg tto the doltagarecTbss rgsistorda20 2 agplied to el ivtpert 0205.

In Figure 8, differen eper at 28 is formed by analog to digital
converter 2(@%‘0& té)i(f'%' zﬁgg%grrt%rt g¢3'204, and counter 205. Difference
generator 28 takes Ahkyitalrgetersiegrtle éﬁ&tﬁﬁrﬂmﬁlﬁcﬁf@ﬂ\e}o@gb di@ﬂall @OReErdres a
plurality of_control signals. The output o igital counter 205
is coupl ed t?‘ﬂ%ﬁﬁkﬁ“ﬁ?pmfgtﬁ S'QétébﬁmBParaEP"f?%tT'P%@'igg?‘e‘fefezwe valuearpiigd

regi ster 2070 digitdlicofhpaR@bsbea dP@sparits, Butcdtillly, teBleSidle RQdiredach of the
regi sters 206-209 includes an enabl e ;REUt to allow the output of digital

counter 205 $Uskireydee Pl Eg biag syeant.ihe driMe cuiientothe easgpansetien 206209
cor r espondi ngnd fhelVaRueCoELiRBIcoRbtdnt fedid8 PB4 I NGR: QUIBYat HOYEA comBIRENSAL OF

under goi ng adj ust nent .
the digital value supplied by analog to digital converter 203 to the digital

reference value corresponding to the part of the compensation circuit
undergoing adjustment. The digital comparator 204 includes an increment
output and a decrement output each coupled to digital counter 205. The
increment output of digital comparator 204 is coupled to an increment input on
digital counter 205. The decrement output of digital comparator 204 is coupled
to a decrement input on digital counter 205.

In Figure 8, difference generator 28 is formed by analog to digital
converter 203, digital comparator 204, and counter 205. Difference generator
28 takes the output signal from photodiode 201 and generates a plurality of
control signals.

The output of digital counter 205 is coupled through a bus to each of
a first register 206, a second register 207, a third register 208, and a fourth
register 209. Each of the registers 206-209 includes an'énab|e input to allow
the output of digital counter 205 to be selectively loaded into the one of
registers 206-209 corresponding to the element of the laser diode output power

compensator undergoing adjustment.



23 The digital output of each of the first 206, the second 207,
the third 208, and the fourth 209 registers is coupled to a correspondi ng-
first 210, second 211, third 212, and fourth 213 digital to anal og
converter. The outputs of each of digital to anal og converters 210-213 is
coupled to the corresponding control inputs of one of the bias current
source 33, drive current source 32, conpensation current source 31, and
time constant resistor 34, as indicated by the | abels shown in Figure 8. In
Figure 8, registers 206-209 and digital tag anal og converters 210-213 form
the plurality of storage elenents for storing the plurality of control
signal s generat ed byThb digralenaputgeineicatafrthe Sirst 206, the secoBARQY, ithe Ehiglire 9
is a flow chart, of .a nethod r using. the second adjustment. cifcuit

enbodi nent 2%%’8“36@%&%’?‘% ﬁagdf‘%?ﬁ’i‘f( s cayplRd: 9 eOTERSPPRUINg '§sér£1 ‘ode out put
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resistor 202 1s done manually so that there is a known relationship between

t he out put poeerpensatiaspurrelitaparce03 hrand tiae wonstageresistersidt rasdndicated 1y2.
First the L i i - 0 a : L . swtch 54 is
open and no P?&%ﬁgiﬁﬁéﬁﬁﬁ%fégg%%ngg ?ﬁ%gtﬁ%?Q%? oﬁ%§%ﬁé§ﬁ§ﬁf CSEL di ode
20. Next, a famakig chnyettets 2 80-2118rfoem \thé phiraldy ap ptarage dérhetts fonestonihgtthe

i nputs of digital. c arataor 204. Th Lrstg..digital refergnce val ue
corresponds tolurtah%’ ??‘Ja?cﬂ‘ ro:\éggggeﬁeyefageigy dffFleereouet %%r}eragg{/\gg. of VCSEL di ode
20 to a val ue nuch | ssewh lidFigubhe9 ioadlovy ahare of agnethed férarsirdj thelsacged of t he
phot oconductor, A tégipal ' Nex at_substgntj al | e sane

,vabu&ls Bg MW, f th

time, the enaliEtMEPLEIreHit pRAPIMet S00teacsp@plish awpmsgs afdiystngity theyel .
The negative (HeEQUISEKoliPAP pbRENMBEMPINRIGS THY §18PS psABntR! idIne BORInticode
201, and digital conparator 204 adjusts the output power VCSEL di ode 20 so

that the out priuBmennaf B eserdigle avtrebROWEL 6PMPERSAIY’ a8g iMilar o theser i r st
digital ref eriﬂO&l@g&’ BUfe Jg’?&q\atié Qﬁiaé’t‘%éﬁ% oPfthd ﬁstfa'd{uﬁragdstgfi&ﬁilt ehftfoRIRERE

value is reduced by a predeterm ned anount and applie 3 to the I nput of
di gi tal conpas@t dys R8¢ theTtaseufigh thentirsd pdjuatment aircuit leenhedigeant\30. fadipgbment

loop, the redycedildsda & Hrkhat®hi§'sSH6S: HRH'R 4 RIRIS rdidifontRb W tween
the output power of VCSEL diode 20 and the voltage across resistor 202,

First the LON signal is set 300 to a low value so that sixth switch 54
is open and no drive current or compensation current flows through VCSEL
diode 20. Next, a first digital reference value is applied 301 to one of the inputs
of digital comparator 204. The first digital reference value corresponds'tb the
value necessary to set the output power of VCSEL diode 20 to a value much
less than the power value required for discharge of the photoconductor. A
typical value is .0b mw. Next, at substantially the same time, the enable input
of fourth register 209 is set 302 to a high level. The negative feedback loop
formed by bias current source 33, photodiode 201, and digital comparator 204
adjusts the output power VCSEL diode 20 so that the output of analog to digital
convertor 203 is equal to the first digital reference value. Next, the value of the
first digital reference value is reduced by a predetermined amount and applied
303 to the input of digital comparator 204. Through the operation of the

negative feedback loop, the reduced first digital reference value lowers the value



24 of bias current source 33 to a level below that required for generating
coherent laser light. This occurs by causing digital conparator 204 to
-decrenent digital counter 205 so that the value in fourth register 209 is
set at a |l evel necessary to reduce bias current source 33 bel ow the |asing
threshold. After this adjustnent operation, the enable input of fourth
register 209 is set 304 to a low level so that the value in fourth register
209 remai ns constant until the next adjustnent of bias current source 33.
Adj ustnent of the drive current source 22 is then perfornmed. The LON si gnal
is set 305 at a high level. This causes sixth switch 54 to close and all ow
drive currenf basnguoenpengeat B8rtoculererieldw thatonequinedfog lyeMEstihg dobetenf0 i n
addition to tge

.hi.ascurrent . Next. a.second digit eference value is
2opl | eq 30648 I TTHECPEGR® oy SRbSine Qi Sateraltr. atEeShenR Bk
reference vabuetet 205 Batthaethessdie/int fourtregigter PORAY sePavelevel nddeSElrydi ode 20
at the nom nal Je%’/%[ L@?ui red for schar gi ng the phot oconduct or during

i
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feedback loop results in third register 208 having a val ue necessary to set

the drive clfvebsg thasthe yalys infoyrth pgaistet RAP reraains censtantntl! the nextt put power

from VCSEL diirdan& of Hiss SnadHtS ol gfor third register 208 is held at a
hi gh | evel fofraga suf?‘i ci ent periooggg:? time until the thermal effect on the

out put power of VCIHEliustimeat o the drivascureerdgoutded2 isrthempetfbirged.i fiee t he

val ue of co i i r oxl.at el o .and drive
tarrent souieh S set05 3t a RN BFer TS AIRSINTRTIR SELO0BE AR VD over
from VCSEL cilodalrke.cufieen and kempraddtioni aiptent ob fibWi thebughVGSEr did@8 20 set

308 to a low leyel so.th the valye in third regjster is held constant
oot 1 e i pddfin 38 e Blog free! Next, 3 Sedohd gigifl Bheftagivalfe fyappied
conpensat i Or30BUor thBtinERTCRgital cofpafitsed. TheXecond@ghiMNefdréital vdlge set 309
at alowlevel for at least five tine constants of the VCSEL di ode 20

thermal ef f dthat §egessaia 25t the osRIfiPetH HCEdipds ¢@ at &g peminahng t he

conpensat i Ofeveltddiited 16r Hi8BRGinG! tAY phBERAAUMESEIrifY RRing0 Thehhiaf ensures
that the VCSEL di O(Ije' 20 V\:I | Elgée cgol ed sulflfi ci erllt @q’tﬁg‘%r eaceh aequi l'ibrium

with only bissgsteptialbnthefsagw iget tecengbld inpulNekthirdirhgisteOR08iigisat 30% as @t

25 high level. The operation of the negative feedback loop results in third register
208 having a value necessary to set the drive current source 32 at a value that
results in nominal output power from VCSEL diode 20. The enable input for
third register 208 is held at a high level for a sufficient period of time until the
thermal effect on the output power of VCSEL diode 20 comes to equilibrium. At
this time, the value of compensation current source 31 is approximately zero
and drive current source is set to a value necessary to generate nominal output
power from VCSEL diode 20. Then, the enable input of third register 208 is set
308 to a low level so that the value in third register is held constant until the
next adjustment cycle.

The magnitude of the compensation current source 31 is adjusted
next. The LON signal is set 309 at a low level for at least five time constants of
the VCSEL diode 20 thermal effect. Sixth switch 54 opens so that the drive
current and the compensation current no longer flow through VCSEL diode 20.
This ensures that the VCSEL diode 20 will have cooled sufficiently to reach

equilibrium with only bias current flowing through it. Next, the LON signal is set



310 at a high level so that sixth switch 54 is closed and the drive current
and bias current flow through VCSEL di ode 20. Next, the second digital
-value is applied 311 to the input of digital conparator 204. Substantially
si mul t aneously, the enable input of second register 207 is set 312 at a

hi gh value to allow the negative feedback |oop to adjust the value in
second register 207 so that the sumof the conpensation current, drive
current and bias current flow ng through VCSEL diode 20 set its output
power at the nominal value. The value in 4bhe second register 207 is set
before the thermal effect begins to increase the power output of VCSEL

di ode 20. The¥'& @ir%htghéev,%hseethﬁbaaﬁusw'ﬁ?fb5§é%skﬁ’ae<#p agd ﬁ%ﬁf'WWﬁ"F endet the
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passed (sufficient time Is much | ess than the VCSEL di ode thermal tine
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regi ster 207, enahl e i n I t s the
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| evel . This causes sixth swit¢ch 54 1o clos drive a{g Cb&p ensati on
current begi naY iNthe sererd R9ISieSE i 3Rt thermaleliogy rTE'lst 8 value is

applied 316 tifclehse tHEPBEWES oGthat BfiVCQEU%&t.’!U Rérefdtd kid vaP (R8Ol Y 2
single thermal effect tinme constant, the enable signal to first register is

set 317 at a $ficghd regjster ZPHe«@wtme pedknmplittde ey Hie srmpessatiRit kUTEBp t o
adj ust the vaARE LititiehelimedtHsHRbed Hurfiloft he I\RUURIAE thln inaFesANS! ant

resistor 34 is set at a results in nom nal output power from
VCSEL di ode Zdiodd\theemal ise Ctdmatartbh@rtthmmgaﬂveafeemmomﬁ@msttthmal@@nstant
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LON signal isvesEL diode 20 to return to thermal equilibrium with only bias current flowing 26

through VCSEL diode 20. |

The adjustment of time constant resistor 34 is performed next. The

LON signal is set 315 to a high level. This causes sixth switch 54 to close and

drive and (;ompensation current begin to flow through VCSEL diode 20. Next,

second digital value is applied 316 to the input of digital comparator 204. After

approximately a single thermal effect time. constant, the enable signal to first

register is set 317 at a high level, thereby allowing the negative feedback loop

to adjust the value in first register 206 so that the value of time constant

resistor 34 is set at a value that results in nominal output power from VCSEL

diode 20. After less than one tenth of a thermal effect time constant has

passed, the enable input of first register 206 is set 318 to a low level, thereby

holding the value in first register 206. Next the LON signal is set 319 at a low

value. The value of time constant resistor 34 at this point results in a time

constant less than the thermal effect time constant.

After at least five thermal effect time constants, the LON signal is set



320 at a high-level. After approximately a single thermal effect tine
constant, the enable signal to first register 206 is set 321 to a high
‘level to allow the negative feedback |oop to adjust the value in first

regi ster 206 to the value necessary to set tine constant resistor 34 so

t hat VCSEL di ode 20 generates nom nal output power. After the enable signal
is at a high level for less than one tenth of a thernal effect tine
constant, the enable signal is set 322 to a low level. This holds the val ue
in first register 206 until the next ca%&bration cycle is perfornmed upon

t he second adjustnent circuit enbodi nent 200. At substantially the sane

time, the L scllt 9"H4h ie%els. %Jte?pa pp&ir?ialewva \ég'lg%eth%?mgl "#ecrt It}renesci:o%tsganf%w tch
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10 does not show the hardware used to performthe conpensation of the VCSEL
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out put poweg,ge Fnid SIEVMRe j Ui j j ust ment
circuit enbogli rre@n)F&ZOO |ds a \r,1\1m>?e cgﬁgﬁgjgsg?]@tﬁr&%gr‘tﬁon{}g’l?eé]trtr?rﬂogtiﬁ‘lgn.
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two inputs of, respectively, the first 404 and second 405 anal o

conpar at or s the value so that the yme gpastant fasmed divdifpe ceesiantatapacit $& andr med by
unity gain bidld &nstant resistor 34 matches the thermal effect time constant. 27

Show in Figure 10 is a simplified schematic of a third adjustment
circuit embodiment 400. For simplicity of illustration, Figure 10 does not show
the hardware used to perform the compensation of the VCSEL diode output
power. This hardware would be similar to the laser diode output power
compensator shown in Figure 6.

The third adjustment circuit embodiment 400 is a mixed analog and
digital implementation. Photodiode 401 generates a current as a result of
incident laser light. The current generates a voltage across resistor 402. The
voltage across resistor 402 is buffered by unity gain buffer 403. First 404 and
second 405 analog comparators each have an input coupled to the output of
unity gain buffer 403. First 404 and second 405 analog comparators are used
to compare the output signal of photodiode 401 to a first and a second
reference voltage. The first and second reference voltages are coupled to one of
the two inputs of, respectively, the first 404 and second 405 analog
comparators.

In Figure 10, difference generator 28 is formed by unity gain buffer



403, first anal og conparator 404, and second anal og conparator 405.

D fference generator 28 takes the output signal from photodi ode 401 and
-generates a plurality of control signals. Each of first 404 and
second 405 anal og conparators includes a first and a second out put. The
first and second outputs are coupled to the inputs of a first 406, a second
407, a third 408, and a fourth 409 gate. The gates control the application
of the outputs of the first 404 and second 405 anal og conparators to the
respective ones of the first 410, second 271, third 41 2, and fourth 413
digital counters. The outputs of each of the first 410, second 411, third
412, and four408,4i8t ahajed ebmpenancret@d, care seoapd edalog espwetatered35. to t he

first 414, s d 415 i.rd d rth 1 . t put of
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adj ust nent ci ¢mpqram@@thmmquwet@q§afftbe ﬁfr%tdm)stsﬁemd #11.tthisd14dZerandi ode
embodi mont - 20§ et ufftal Sallis, e AubliforYachof ERRRRIBT sl £11
conpar at ors aﬂﬁd%‘é&i and focrthrtbll3 dllgetall cuunbN e [Ate mgmdmﬂ relmec‘émlmttiongedfrseach
of the respec e _digital u s _410-413,_The 40649a

control  the: abit: weph s, SBRTTRT aid Bt 17 et Do RatbRL SRR o

conmpar ators. fiise 4hdasecond €15, third 416, 3ad fduintwemugmni amm@&d&a the
corrpensat ion current source 31 an resi stor

t
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generated by difference generator 28. As shown in Figure 10 the outputs of

each of the digital to analog converters is coupled to one of the elements of the
laser diode output power compensator that requires adjustment.

The operation of the third adjustment circuit embodiment 400 to
perform adjustment of the laser diode output power compensator is similar to
that of the second adjust circuit embodiment 200. The two outputs of first 404
and second 405 analog comparators are used to control the incrementing and
decrementing of each of the respective digital counters 410-413. The gates
406-409 are used to control the application of the outputs of first 404 and
second 405 analog comparators. The bias cufrent source 33, drive current
source 32, compensation current source 31, and time constant resistor 34 are
successively adjusted using the thfrd adjustment circuit embodiment 400.

During the adjustment process each one of the sets of gates,
counters, and registers used for adjusting one of the corresponding elements of

the laser diode output power compensator. The negative feedback loop adjusts



that the voltage at the output of unit gain buffer 403 is substantially
equal the voltage reference value input to the correspondi ng anal og
-conparator. This is acconplished by increnmenting or decrenenting the
digital counter used for the adjustnment in response to the outputs of
correspondi ng anal og conparator. In turn, the outputs of the corresponding
anal og conparator are determ ned by whether the output of the unity gain
buffer is lager or snaller that the reference voltage. In this manner, the
values in the registers are set to the 28l ues necessary for the
conpensation of the thermal effect in VCSEL di ode 20. Each of the
di scl osed dhpyalupdmihe EFgisthecemspendinato dhe elemest Hagerpeing wglustreentest i n an

i nt egr at ed g1 i [Wana]l meﬂ}f i of ogdi s of the
adj ust nment tﬁﬁ%ﬁi‘{oltgr%%% Qﬁo‘??g{ggj ggf %&P?E t e%@p‘? isgﬁgg%]ﬁ%]ﬁe%ﬁgﬁ)edi ode and
i ts associ aoldge eefeenoe vatue inputi tot thg catresparidinguanalogHcomparatori (Thishisul d be

recogni zed } 1, SCI nts..may be. used to | nplenent the

enbodi nment sacggltnf) ﬁ‘!’er%aotjg}ug‘tc ?ree%%q{g‘%r%uqef rsé_fnen%ngstﬁe d'g'tRL E’%"ﬁ%’i lﬁ?glf?r H%%t i oned,
t he di scl ossjusteehningesporisertoatie wsitpulg of Berréspadingi @R gotdnipHrateOWaE
conpensat or, cogbd b§ se? with nmultiple Iﬁ@ser di odes in an .

el ect r ophot 8gFaphict pp#fﬁ Ehe Ccoff¢sRonding AnAo9: COMRAIIGF ARSI MiNED Pyl e | aser
di ode out pUlh@ABEtheCOUTBENEREHRY Enityl d¥in buffer BVAddr M Isthall@ thaditéSletdign&ach of
the | aser di gde out put power conpensators is reduced to a fraction of the

total time YRiEERy A thig MAnser the velies in thesseqisters aes setrfe thaoebednduct or for
which the | ReeEsd?¢asn the dMipdtRatiditofiie! Refnd el inPPESEC AN SO - Hovever,

if the tinme avail abl e between scans over the photoconductor is not
sufficient to perfBgh efdhesdisaioned espbadiments afithe ladisstmelitadiesits triagrbe

adj ust nent ; k ; ‘ : Al t hough
sever al enblo ienrgﬁ'}tggéé 9{, @%ﬁ@%@?@ﬁéﬁ@?ﬁ:g’%g%he"fmﬁﬁ‘&? té%f of g‘r?d t heir

f orns descreémbeadiments ef theadijusgmapipairaiitt ark dabdvased fittotidi eaeptiekof thed n t he
art that vard qus. nodifi.cations be made therein wthoyt departing from
the spi ri tPISIOTRES PAY LR EBRCBIEIFURODNED S0 JHEOBIeY fieullp fipele ot ai .
Substitute siedd be rdsdghtxea th@0fldcrete components may be used to implement the

29 . . L CLAI M5 What is clainmed is:
1. A dev§BRodigepth et the asdisimenbei®iitsi r om a | aser di ode (20), conpri sing:

As previously mentioned, the disclosed techniques for adjusting the
laser diode output power compensator could be used with multiple laser diodes
in an electrophotographic printer. With adjustments performed on multiple laser
diode output power compensators, the time available for adjusting each of the
laser diode output power compensators is reduced to a fraction of the total time
during a scan of the laser scanner over the photoconductor for which the laser
beam is not on the surface of the photoconductor. However, if the time
available between scans over the photoconductor is not sufficient to perform
adjustments on all of the laser diodes, then adjustment may be performed
between subsequent scans.

Although several embodiments of the invention have been illustrated,
and their forms described, it is readily apparent to those of ordinary skill in the
art that various modifications may be made therein without departing from the

spirit of the invention or from the scope of the appended claims.



a |light power neasurenent device (35, 201, 401) for neasuring the |aser
di ode output power to generate a first output si gnal a

-di fference generator (28) arranged for receiving the firstout pu+ -si-gnal
and a first predeterm ned value to generate a fi rm.fssgégpﬁ si gnal ;

a first storage el ement (29) arranged to receive and gced
control si gnal ; a tinme constant ci rcwt m I e first
storage elenment to generate a second out put signal e first
control signal; and a current 28our ce arranged to recei ve t he
second out put signal to generate a time varying current through the

| aser diode related to the second out ftAIMSynal . 2. The device as
recited in GlRdits LiaiiBgEl N the difference generator (28)

i ncl udes an analog to d| gital converter (203) arranged for receiving the
first output signall.t é ¢enir(@0kfer aﬁll@ﬁtmalandmtpuﬁpwgmmpensator fora the

differ e_nce geﬁ%‘?igatd%ézbﬁ%th' {P,%'&ﬁ?@& F{%n"gé’%% Efl?r{ nSAEP pubgr éh?rgﬁl)y daving a

first to Tecel si'gnal "and a second
i nput arr ang;w:t:ﬁcally cohaowed/eletr*eats‘ €31$132pl36d6ubfdriawd'okhab tke tasegdinde at e t he

first control signal c ’g% i.rst increment signal or a first
decrement siRYt °Wer' c"c"‘t' =T P'F‘@F'ﬁ'ﬁge generator (28) includes a

counter (205) arr ar@ﬁ?htf&fwérﬂﬁéaé&éiﬂent ddvie (BB 201] #0T)efe Mleasu@iitheor t he
first decrenent si enerate a first digital counter val ue; and
REPL ACEMENT ngEho output power to generate an outputsignal;

a difference generator (28) arranged for receiving the output signal
and a plurality of predetermined values to generate a plurality of control signals;
and

a plurality of storage elements (29) for storing the plurality of control
signals, the plurality of storage elements (29) coupled to the difference
generator (28) with the plurality of electrically controlled elements (31, 32, 33,

* 34) arranged for receiving the plurality of control signals from the plurality of

storage elements (29) to adjust the output power compensator.

2. The circuit (30) as rg_écitc_ad in claim 1, wherein:

the difference generator (28) includes an analog to digital converter
(203} arranged for receiving the output signal to generate a digital output signal;

the difference generator (28) includes a digital comparator (204)
arranged for receiving the digital output signal and.the plurality of predetermined:
values to generate the plgrality of control signals that includes an increment
signal and a decrement siénal;

the difference generator (28) includes a counter (205) arranged for
receiving the increment signal and the decrement s;ignal to generate a plurality of
digital counter values;

the plurality of storage elements (29) includes a plurality of registers
(206, 207, 208, 209) arranged for receiving the plurality of digital counter
values;,and

the plurality of storage elements (29) includes a plurality of digital to

A O Y T SHEET A BEEN
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30 the first storage element includes a first register arranged to
teceive the first digital value and a first digital to anal og converter
coupled to the first register and the tine constant BuerhthHasBeen laced The

device as recited in claim1, wherein: t he d|f
(28) includes an anal og conparator (404) arranged for ml Emm first
out put signal and the first predeterm ned val ue to gener

control signal including an inerenment signal or a decrenent signal; and

the first storage elenent includes a first gate arranged to receive the

| nor ement S10Rl bR A9TbCIER 275 0574y i 0oL br SALALRY GAEES 1O Lhe

first gate t recei Ve ncrenent sl ecr enment
signal to gebeva’te?sazw,rzﬂ zl1:g,|2‘63) auplideto otmlofethe@ldralrtstoflrmgststser coupl ed

to the f t th t . di tal { d f t
i tal to dASPondEordt, T Skttt 8 nitral heediemitortBle el oRig ¢ ne:
first registygt, 32, 33, 34). The devi ce as recited in claim1, wherein:

the difference generator (28) includes a first anplifier (39) arranged for
receiving the first output signal and the first predeterm ned val ue; and

the first storage esenpRlcillR!(YOESs racitbd it claith HCvHepdiR ed to the first
anplifier

the difference generator {28) includes an analog comparator (404)
arranged for receiving the output signal and at least one of fhe plurality of
predetermined values to generate the plurality of control signals that includes an
increment signal and a decrement signal;

the plurality of storage elements (29} includes a plurality of gates
(406, 407, 408, 409) each arranged for receiving the increment signal and the
decrement signal;

the plurality of storage elements (29) includes a plurality of counters
(41 0. 411, 412, 413) with each one of the plurality of counters (410, 411,
412, 413) coupled to one of the plurality of gates (406, 407, 408, 409} to
selectively receive the increment signal and the decrement signal to generate a
plurality of digital counter values;

the plurality of storage elements (29) includes a plurality of registers
(414, 415, 416, 417) with each one of the plurality of registers (414, 415,
4186, 417} coupled to one of the plurality of counters (410, 411, 412, 413) to
store one of the plurality of digital counter values; and

the plurality of storage elements (29) includes a plurality of digital to
analog converters (418, 419, 420, 421) with each one of the plurality of digital
to analog converters (418, 419, 420, 421) coupled to one of the plurality of
registers {414, 415, 416, 417) and to one of the plurality of electrically
controlled elements (31, 32, 33, 34).

4. The circuit (30} as recited in claim 1, wherein:
the difference generator (28) includes a first amplifier (39} arranged

for receiving the output signal and a first one of the plurality of predetermined

) 0 ) O | TS SHEET HAS BEEA
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and a first capacitor coupled to the first swtch and the tinme constant
circuit with the second output signal related to a first voltage across
the first capacitor. 5. The device as recited in claim4, further
conpri si ng: a fourth capacitor for storing a fourth voltage;

a controll able attenuator coupled to the fourth capacitor;

Substitute Sheet - 13 March 2001

31 a bias current source coupled to the controllable attenuator
where the difference generator includes 3 second anplifier coupled to the
fourth capacitor and arranged to receive the first output signal and a
second predetwaluesned value to generate a second control signal, with the

25 o e SOUT S S DA P ALOR, L9TEARRE LR DT
a

t hrough the | aser e ate age.

6. An' el edbr reebivinggthepdutputpsigndliang syebadione @imheé piundity of
pEo: oconguct ?ﬂl}e%e\?’;%r;mined values_a | aser diode (20) for exposing the
phot oconduc : ’

the plurality of storage elements (29) includes a plurality of switches
(40, 42, 44) each coupled to the first amplifier {39);

the plurality of storage elements (29) includes a plurality of capacitors
(41, 43, 45) each coupled to one of the plurality of switches (40, 42, 44) and
each coupled to one of the plurality of electrically controlled elements (31, 32,

. 34);

the plurality of storage elements (29) includes a first switch coupled
(46) to the second amplifier (38); and

the p|uré|ity of storage elements (29) includes a first capacitor {47)

coupled to the first switch (46}.

5. The circuit (30) as recited in claim 4, further comprising:
a controllable attenuator coupled to the first capacitor (47) and
co'upled to one of the plurality of electrically controlled elements (31, 32, 33,

34) to selectively attenuate a voltage on the first capacitor (47).

6. An electrophotographic printing system, comprising:

a photoconductor (3};

a laser diode (20) for exposing the photoconductor (3);

a laser diode output power compensator coupled to the laser diode
(20) and including a plurality of electrically controlled elements (31, 32, 33, 34);
and

an adjustment circuit (30} coupled to the laser diode output power
compensator for automatically adjusting the laser diode output power

compensator to compensate for variations in output power of the laser diode
(20).
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a |ight power neasurenent device for neasuring the |aser diode output

power to generate a first output signal; . a difference generator
-arranged for receiving the first output signal and a first predeterm ned
value to generate a first control signal; a first storage el enent
arranged to receive and store the first control signal; atine
constant circuit coupled to the first storage elenent to generate a second
output signal related to the first control signal; and a current

source arranged to receive the second & put signal to generate a tine
varying current through the | aser diode related to the second out put

si gnal . 7. 7.THBe @lesgiopbptost aiiapintingosystam 9§ regjteddmeladmGaci ted i n
claim6, Whgr&bin: the difference generator includes a first
anplifier arranged for receiving the first output signal and the first

pr edet er mi ned val ude agiustment circuit (30) includes a light power measurement device
Substitute e - r 1 L

32 (§E ? Eé ?ﬁj’ﬁs&é‘ﬁ%rséggg gl‘eelr?g%rtd'??l%f)ﬂt SE PQWET P PR &Y coupled to
the first aogputsigmal; and a first capacitor coupled to the first swtch and

the tinme constant ciJfcuit with the isecond gytput,si nal related to a first
vol t age across t he ]dlffeg?n%ga%%qt& {28) arranged for receiving the output signal

and a plurality of predetermined values to generate a plurality of control signals;

a plurality of storage elements (29) for storing the plurality of control
signals, the plurality of storage elements (29) coupled to the difference _
generator (28) with the plurality of electrically controlled elements (31, 32, 33,
34) arranged for receiving the plurality of control signals from the plurality of
storage elements {29) to adjust the laser diode output power compensator;

the difference generator (28) includes a first amplifier (39) arranged
for receiving the output signal and a first one of the plurality of predetermined
values; - |

the difference generator (28) includes a second amplifier {38) arranged
for receiving the output signal and a second one of the plurality of
predetermined values;

the plurality of storage elements (29) includes a plurality of electronic
switches (40, 42, 44) each coupled to the first amplifier (39);

the plurality of storage elements (29) includes a plurality of capacitors
(41, 43, 45) each coupled to one of the plurality of electronic switches (40, 42,
44) and each coupled to one of the plurality of electrically controlied elements
(31, 32, 33, 34);

the plurality of storage elements (29) includes a first electronic switch
(46} coupled to the second amplifier (38); and

the plurality of storage elements {29) includes a first capacitor {47)

coupled to the first electronic switch (46).

8. The electrophotographic printing system as recited in claim 7,

further comprising: -
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8. The el ectrophot ographic printing systemas recited in claim®,

wher ei n: the difference generator includes an anal og conpar at or
-arranged for receiving the first output signal and the first predeterm ned
value to generate the first control signal including an increnent signal
or a decrenent signal; the first storage el enent includes a first
gate arranged to receive the increnent signal or the decrenent signal, a
first counter coupled to the first gate gg selectively receive the

i ncrement signal or the decrenent signal to generate a first digital
counter value, a firSdont@UibblbfttehnbiRF 80upled td ene fisE bapgeRitBl &17)taddSt ore the
first digital counter value, and a first digital to analo converter

coupl ed to tKeuRlpdEo epmef s Plugglity. of ?'eaﬂﬁa%eowtrqﬂgﬁ elespands £31. 32, 38, A
met hod to adidupto GuibaienPatERy Jtégrooﬁabésﬁrthéihpﬂ%apmmv ad

applying a current to the lase generating a first output
signal related to tHbe plurglity Ofﬁ@mrldaﬂbmt\he"elda@@nenta|(8&ie32 33, 34) conparing
the first ou t first
cont ol si gnufiidst P68 ool sarss (A RERRNTS HE Ik YRENET, fufa o1 1o
the first -conftivelcusegmnsdurce (32), a compensation current source (31), and a voltage

controlled resistor (34) each coupled to one of the plurality of capacitors {41,
43, 45)).

9. In a photoconductor exposure system having a laser diode output
power compensator coupled to a laser diode (20) where the laser diode output
power compensator includes a plurality of electrically controlled elements (31,
32, 33, 34) where the photoconductor exposure system further includes an
adjustment circuit (30) coupled to the laser diode output power compensator
with the adjustment circuit (30} having a light power measuring device (35,
201, 401) for generating an output signal, a difference generator (28} arranged
for receiving the output signal and a plurality of predetermined values to
generate a plurality of control signals, and a plurality of storage elements (29)
for storing the plurality of control signals, the plurality of storage elements (29)
coupled to the difference generator (28) with the plurality of electrically
controlled elements (31, 32, 33, 34) arranged for receiving the plurality of
control signals, a method for adjusting the adjustment circuit (30), comprising
the steps of: |

applying a first one of the plurality of predetermined values to the
difference generator (28);

generating a first one of the plurality of control signals using the
difference generator (28); and

adjusting the first one of the plurality of control signals so the output

signal substantially equals the first one of the plurality of predetermined values.

10. The method as recited in claim 9, further comprising the steps of:

A D AR O “ﬁﬁmﬁm m ]m
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33 10. The nmethod as recited in claim9, wherein: adj usting
the time constant includes applying the first control signal to a tine

constant circuit to generate a second output signal related to the first
control signal.

34

applying the first one of the plurality of control signals corresponding
to the first one of the plurality of predetermined values to a corresponding one
of the plurality of electrically controlled elements (31, 32, 33, 34) with the step
of applying the first one of the plurality of control signals occurring after the
step of generating and before the step of adjusting;

receiving the output signal using the difference generator (28) with
the step of receiving occurring before the step of generating; and

storing the first one of the plurality of control signals in a

corresponding one of the plurality of storage elements (29) with the step of

storing performed after the step of adjusting.
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