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A NETHCD FOR ALIGNING AN OPTI CAL FI BER TO AN ACTI VE DEVI CE Backgraund The .
pr esent |nvent|on‘ concerns the alignnent of an optical fi ber_ to a |ight
.source or‘to a.light detector before permanent attachnment. Wen attaching

an optical fiber & METHODGRORSALIGNING GIN €PRDDAE FIBERS 90 ANORETIVE DEVIQOBt

emtti ng di ode (TED), or to a [TgNt _gerector,—1or exanprea Privdetector,

aligament is critical. Allgnrrent i'S a md process due to the 10
fact ™-hat t he narrow |arreter of ical fiber and the linmted size of a

chi p which serves as &t Pﬁﬁ?egﬁLﬁ’b"frﬁr‘W| GRPCRIS ENGr al1gRPent HpRB, the .
di anet er of ' 3 PLN d t ect
STl er o1 S H88E 45 4 AR LOEL LI US{gHS ARt ot

" micromet er s. AN BeifBriey peeadnentattachhaht . eni ssion area with a d| arreter of
20. mcronmeters. Therefore, accuracy of alignment within a mcroneter is
‘essentijal . A .msaligiment abt]a@wsrg arc optlicadf fiberr weehel $ghsaades for
variation in optical power budget |oss of a few dBm 20 Unti |

recently, ali gm?é‘ﬂ"%sag@ﬁﬁ‘élqlpdﬁeproﬁniaw%rﬁmltltyngkﬁmq &8935 i onctal

operators woul d ower, .neters. and:

large doses of ﬁgﬁﬂgﬁgggg% OSI : Ifgﬁv g H“ng q}éf%%ggéﬁ%‘acﬁwlﬁﬁm“ef“b 8 1ight |

| t t { b
oot for sach SRrigaLas! °r‘>§‘t@4‘“ iy ittt SR TAT R A
i ncl udes ‘neghanitaak, tBAECLHE Qﬁrr%ﬂﬂdmm@t&i'e&ﬂra?m epkheal £ASEORAA! Enend

i nstrumentations controlled by a-conputer system
limited size of a chip which serves as a ‘light source or

Hiez | i o light detector. ;For'example, the diameter of an optical
| fibe: is typically 62.5 micrometers. A PIN detector
~ typically has an active area with a diameter of '
15 _approximately'éo_micrometers. An LED typically has a light
 emission area with a diameter of 20 micrometers. Therefore,
accuracy of alignment within a micfometer is'essential. A
'misalignment by even a couple of micrometers can cause a
variation in optical power budget loss of a few dBm.
20 | Until recently, alignment was generally performed.
| manuallyl Highly_experienced operators would use manual
. : positioning stages, optical power meters and large oOSes of
| patience to align an optical fiber for attachment to a light~
source or a 1ight detector. Hore recently automated systemsq
25 have been used for- such alignment. A typical automated
| alignment system usually incluoes nechanical, electrical and



In attypical aut ormat ed alignneht_systen1either a |light 50urce (é.g;.LED) or. -

a light detector (e.g. PIN detector) is 5 assenbled on-a circular header..
The*resul tant assenbly is then tested. After testing, the asSenbly is
alignedto the fiber optical connector reteptacle.. Once aligned, the fiber
opti‘cal connector receptacle .is permanently attached and sealed to the _
assenbly in thbeQ#IQﬁnptlpailCDmpomentsnandaﬂnéﬁruﬂéﬁtétﬂoﬂ%ubaﬁﬁﬁatﬂed((iﬂ%
Typi cal |y, bwgnnent of the assenbly of the fiber optical receptacle is™
done as fol"

ot t | t f t t |
' Ssﬂf’ PO oo d e R L ORg Al el G S o Ffo\?m@?ﬁiﬁifm

a computer £¥FEERe is plugged into the connector receptacle

S bl o BT T BRI g el g Bt M

t he .emi ssion area or the area I‘ESI

left at the >aséemblied BAt dScibbelar fddder.n The f@sm'&mcou& &ﬁbgy’w

"port cap or 20 .connector receptacle i-s then noved along a Z-a
per pendi-cul arthen ttestedaneAf tenttiedt itrlgg chesassemmr)e&soalﬁlqne@tww ea
resides.. This is done to. focus the light beamin order to find the

| ocation al on@ll}q{e@-‘:&féﬁé GRRRECHAL inARRPSAche: . ponRe dldgnedchtie fikwam fhe |

header is agal

‘power. At tHE ﬁﬁﬁl Fonpﬁﬁt?fyg???ﬂqﬁﬁdf i5r PREPARERILY Attachedand 3

present DhvenReE e 9?W£§%C%Wa%96%$%4aqlgﬁn§§"? ST O the
NS

10 optzcal subassembly (OsA). . T
' Typlcally, allgnment of the assembly of the flber |
optlcal receptacle is done as follows. A flber ferrule is'
plugged into the connector receptacle to monltor resultant
lllght power: from a llght source or to measure resultant : |
: ;5 'current.from a light detector. A header portion of the
- optxcal fiber xs then moved in an x-v plane parallel to the7'
plane 1n whlch the emission area or the detectxon area
resides.. The_neader portlon is left at the X-Y coordlnates
~which result in thedmaximum output pouer. The'port cap or -
20 connector receptacle is then moved along a Z-axis '_ e .;:;j

' 5 perpendxcular to the plane in whxcn the emisszon area or
detection area resides. Thls 1s done to focus the liqht
' beam in order to find the location along the z-axls vhere
maximum output power is reached. Then the header is again '
25 varled 1n the x-Y plane to find the position of maximum
' power. At this p01nt the OSA is ready for permanent
: attachment.

varied_ in.the X-Y.plane to find _the posjtion of.maxi num -



5 of an optical fiber to an active device is presented. The optical fiber
is aligned to the active device at a first series of X-Y coordinates. At
each :of the the series of X-Y coordinates first measurenents. are _ :

*taken, which.indicate the relative amount o8 |ight fransferred between the '
optical 10 flber and the active device. Fromthe first measurenents a first
order—desi gn nodel is nmade which approxi mates the path of steepest ascent
of thesanount of transferred light relative to selected X-Y coordinates.
Second neasurements are taken foPuNBRAISLRfILthe Ip¥enkiomf X-Y coordinates

whi ch are al ong-the r oxi_nat ed th st eepest ~ascent:. Third :
nmeasur enent s a?e takﬁﬁp ﬁgnﬁﬁo‘Fh% 5‘?’% Pﬁﬁgggﬁcﬁmﬂ‘eﬁ/ﬁe‘?ﬁ tHhe opt i cal
fiber is align t Vl:'h{c% a ri

coor di nat es. %ﬂté@éﬂ: tlﬁr? él)e(real es 0 %Yrc%%lrg%#%ﬁgas §§’t%tr'f%(a"’llr1 Ht

whi ch incl udes ghantoptgeat di nsdre tion ahhscewera’e@ﬁ:'é EES gieét%é‘dmf %eat es

at which the maxi num armount of transferred |ight was medsured. A second
order conposi t eoptesian fiibee! ispyrigmedntoothe sadbivaraviek abiea aipsexi mte
optinmal alignnent X-Y coordinate at which the nmaxi mum anount of light is
transferred. TieReriesq ofe¥oldcepniimatesposaiteeaeiaf theddheaperies oft XoN is
based on the third neasurenents Fourth measurenents are taken of the anount

of transferred JAFHNARER Fh’és‘*b&qa@a‘Fef“PB‘éﬁ 3xe a@%ﬁ’e&’hﬁﬁ:hhlwaﬂ?e £bei ve
devi ce at ‘a fourth.series of, X-Y.co dknate eeé t{e aegp&?m qptl mal
erred betwe e op ica S

al i gnrrent X- Y- CSHAFAYE: amount, £ foﬂﬁ rans

10 flber and the active device.
kai B . From the first measurements a first order design model
| is made which approx1mates the path of steepest ascent of
the amount of transferred-light relative to selected X-Y
coordinates Second measurements are taken for a second
" 15 series of X-Y coordinates which are along the approxxmated
path of steepest ascent.

Thlrd measurements are taken of the amount of
transferred light when the optical fiber is aligned with the
active device at a third series of X-Y coordinates. The

'~ 20 third series of X-Y coordinates are in a region which |
. L 1ncludes the x-v coordinate 1n the second series of X—Y '
coordinates at which the maximum amount of transferred light
was measured. _ _
A second order‘composite design model-approximation is
.25 made of the approximate optimal alignment X-Y coordinate at

~ which the maximum amount of light is transferred. 'l‘he



. alignnment of the optical fiber to the active device an X-Y coordinate is

selected fromthe fourth series of X-Y coordinates at which the maxi num

amount of transferred light * 100 was nmeasured: The nethod of  the present =

invention allows for alignment of an optical fiber to an active device with

~signi ficant|yséeond omiesucemposstehdesidromosdednppprotimmtionoisabised . - -

one-variable-at-a-tine nethod. Since 15 significantly fewer neasurergats

are made, the©Bl HyfridWrd Meapurgeerts nmed significantly faster. The sang -
basi ¢ method may bg used to align the optical fiber to the active device - .

using three coordiﬁ%ﬁ%ﬁ%ﬂﬁﬁfﬁuﬁfggﬁgsoT? vﬁék; °f F¢ ?ﬂﬂﬁﬁi ftion of the

Dr awi ngs Fi gug. £ 3 Clondi ; : aldqrer, . ordi ng

to the _pr_efer?giajﬂsenbom ngr%ghgf &ngagﬁggﬁlﬁvg%ggﬁ{é%qdn% Llﬁﬁg@ﬁ% 2

shows an opti gativehpaselat aOBShrtR SECIULJICR-¥ ddiRAiNa@ESl HE8r ‘the .

enbodi nent of the present “i nvention. 5 Figure.3 shows the OSA in Figure

2 ‘used in conapproximate optimpl nalliguwent-iXzlr codrdimate .t h@h&SAptimi gure 2

~used in conjunction with a light 'emtting diode (LED). 5 = - Figure 5

" through Fi guraldgrment «fr &8s aptpral <f ihesuito thefackive gevdceaan ¥ hod for

al i gning an optical- subassenbly, . L
gning an optl c] naraqes s'g‘feéted from the fourth series of X-Y .

coordinaﬁes_at'Which:the'maximum amount éf transferred light'l
. 10 was measured. . _ : | § . |

The method of the_brésent inﬁentidn“alloﬁs for >

alignment of:aﬁ-optical fiber ﬁb anQactive'déviCe'with N |

significantly'fewér'measurémehts_tha5; f§r exémplé, thé_

‘prior art one-variable-at-a-time meth§d.- Since

15 | sigﬁifiCantly féwer'measdfemgnts are-made,_tbefalignmeht_caﬁ_ _

be performéd'signifiéantly fastéf._'_ | _ ) |
. The same basic method ma? be'used'tblalign'the_bptical

fiber to fhe'abtive'deviée“usiﬁg three coérdinate axes |

instead of two. | |

20

o éigure';fshoks'é block diagram of'ah automated aliénéf_ 
aécording to the brefefred gmbodiﬁént of the present .
invention. = ' _ .

25 ﬂ- j Figufe_z'shbwéiah thicai.subassembiy (OSAj'inf~
'éccordahCé'to‘ﬁhe-§refefred'ehbodiment of the'presént__ﬁ

invention.



In Figure 9, alignnment points at which response is neasured in a first
order design.nmpdel approximatien-are 10 shown on a graph representing the
_responsi veness: of ‘a pin diode in detecting %ight signals in accordance with
- ‘the preferred enbodi nent of the present invention. -Figure 10 is a graph

whi ch 'shows esti nat eFiguspodsshowsd tiieadsAein rRispnese osed in rcoljodetion
variomsly aligned in the X - 15 Y plane in accordance with the preferred
enmbodwzent - of tMéthr@sBhR diRd¢ntion. In Figure: 11, alignnent points at

whi ch.response is'hegsured {n a"segﬁnd order conposite desjgn nodel”

~approxi mation are- shOXWBR ¥ RIS FResABAN R Figuse: @ Ysed b conjupekion e

Wi th the prefer e | Qf st he.present_i.nvention. Description of the
Preferred Enbod%ﬁgﬁtg?ﬁﬂéﬁgg%g%%légb?gké?(#QEEQanlof an automated aligner is
25 shown. n-align 562,5R0; (L QN R A to . rm actua
mechani cal §$ignnentpg?ﬁgﬁngpticaFHfrgégiégﬂﬁggkgfg?gg%(gﬁ#%?QQThe o
alignment is chgegaltbyg BeoKs aObrior Sar®tidthodhirel algfﬁb{g@ ahOoptical

i ndependently change the ali-gnnent along the X-axis, Y-axis and Z-axis. A
not or 15 changesubassembhynnent along the X-axis, a.notor 16 changes the -
alignment along the Y-axis, and a nmotor 17 changes the alignment along 5
the Z-axis. Alignnefit Bifurecg,i adionnentpdniissat which gwspoese ois of

i t, f- _th I t affixi .and i f the,optical fib
Conpector to t HBeRREEY Fha F3zak: Sraen dasiEBnBaIBh HOSARELSRIARS, (oA .
An |’nstru.m.=f3 at LRBWHOS! £ g%'apsmh-ggﬂggs&gﬁ‘lga,tﬂgt'pegpc‘::nsivene'ss of a pin '

diode in detecting light signals in accordance with the

k 4
o preferred embodiment of the present invention. |
Figure 10 is a graph which shows estiméted feébonse.ahd
| neasured response of a pin dibde_variously aiigned-in the X - .
-15'_ Y plane in accordance with the preferred embodiment of the .
: present ‘invention. | |
N _Ianigure.ll, alignment'poin£5'at‘which_response is
neasured in a second order COméosite design model
'approximation'é:e shown-dn_the,grépﬁ showh ih:Figure's in .
- 20 '.accordance-with the preferred embodiment of the éresent
Ny ' invengion. L |

D {oti ¢ the Pref 1 Enbodiment
In Figure 1 a plock.diagran of an aﬁtomated:aligner_is
25 shown. Aan alignment aﬁd sealing station 3 is used to
‘perfornm actual mechanical alignmeﬁt.of an optical fiber
donngctor to a chip.' The aiignhent=is chanQed by means of _



10 ‘provides power and control signals to a unit 18 which |s al i gned
wi-thin alignment and seali'ng station 3. Instrunentati on nodul e 2-al so
“receives fromunit 18 through data path 66el ectrical -and/or optical

f eedback. A conputer 1 communicates with instrunentation nodule 15 2,

~ through a dat amqfearts Whichnaréecapleftey nedepebdehntﬁntqhangept:heramqmem;
nodel-- 9000 series 300 conputer. and data path.5 is inplenmented using kB

(or | EEE 488) %l&“%r%i‘d?"l%n’b‘tﬂ’éﬁ Breafeaxtst ch RAtONs 1Backanass ft@edback

f t tat der to d XY, and Z 20.
coor i nat ¢ post 1T B gothE, Roabrisndn POk "L hanges B o Grinent,

Conputer 1 congT}gH(%ca&‘ Y%;‘Qsahgﬁ&]tar%nott%%e}zrgééﬁed Igg nt an@(?sjt %| i ng'

station 3 by dat a" pat nbo

a path

5 is inpleren esiewaaasHP' R1 Dsndti© a%ogeaggﬁ?%ﬁ%' 9raids! %ﬁ% controller

25 nodel 4000 avail abl'e from Kensington L atories Inc.

cor por at i on "haybmil et idnaee: ah@ﬂmﬂtes tfo?ﬁ@ eﬁélp&edan@aursff&
California 9480“2?g

Based: on si.gnals from 7 conputer. 1, controller 19;

sends control seajnialg ofothetoptidal miber &ténmectowiter thé ¢hipli r @e change

-of alignment alon% the X-axis, Y-axis and Z-axis.- An optical subassenbly
" shown in Figureesd

is

tadsopt finished fqnsépalosuhaesm (§Sa) - cer am c ferrule

“is held to a chip 11 hy means of . a port p,co ect 1 s 9 focuses -
light to or fron1oé¥] tFPB@PgéEF é) 3& %Pte H@'dlode o

(LED) or g ﬁ%;erogoﬁbécagd rgc&gxrgu slge@aﬂq ulﬁ ;%

separ at es’ the ch ens coofdi nate axis 54 shows -
‘direction of aﬁlf@ﬁEEDbdtﬂQhealfgnment and sealxng station 3.

_Instrumentatlon module 2 also recelves from unit 18 through _'f

data path 6 electrlcal and/or opt1cal feedback. -

A computer 1 communxcates w1th 1nstrumentatzon module :"

‘lis 2, through a data path_S. In the preferred embodlment
' computer-l is;a'ﬁp model 9000 series 300 computer and’ data-'
path 5 is implemented using HPlB.(or IEEEl488)'bus protocol..
'Computer 1 makes calculatlons based on feedback from
1nstrumentatlon module 2 in order to determlne X, Y, and 2
20 coordinate positions to be set by alxgnment and seallng
' station 3. Computer 1 communlcates wzth a controller 19
within a11gnment and seallng statlon 3 by way of a data path
4._ In the preferred embodiment, data path 3 1s implemented o
| _ﬁuslng HPIB bus protocol, and controller 19 is a controller :
| 25 model 4000 available from Kensington Laboratories Inc., a l
U S. corporatzon having a place of bu51ness at 750 Natlonal |
Court, Rlchmond, Cal1fornia - 94804. .Based on sxgnals.from



"Y-coordinate and a Z-coordinate. The X-Y plane lies perpendi cul ar to
optical fiber 10.:, Alignment is perfornmed by noving circul ar header 11 in
;the X= ‘direction and the Y di rection and by noving port cap connector 13 in
"t he Z-- 15- direction. . The novenent is don@ using the nmotor 15, 16 and 17.
Figure 3 shows a PIN detector 101 pl aced on circul ar header 11. Light from

a light source 186mp6téxf s @oht 6l 1 &¥ Oy setalsi e8htfbPesighlast bsowébxl q@s 9
t hrodH wi ndow 8 to 20 - PIN detector 101. PIN-detector 101 w | generate

current based onm?'ﬁ@r affoamd Bbtor gil whidilrecéachesgé hef adtignrent eslonds t he -
al ignment " i s adj ust ‘PI N det ector 101 sends feedback to instruments 2.-
This feedback is % FWiokpakes and F-@dSn ali gnment as di'scussed

further bel ow. 25 LED, 201 d .
hendor 10 Lrohe tr ordt RN S eiosedRR S5 "BhBRA £ Js 8 AR et ens
9, through opfi caipdi bey ﬂnoatﬁo@sun %\ft%%réﬁgcmﬁ ﬁxl@tﬁchgid%’@ My

generate -current based on the anp reaches the actlv

area. As the al iproenieant bfica psoitd icip ebonhEbtoe! B3 va tenkeostéises
adj usted, detector 202 sends feedback to instrunents 2. This feedback is"-

used 5 by conpul byhtl ttco cari Grom opt igraieftibefheonethazhiy, dl.egpnerkight
-according to the present i nventi.on uses. a response surface nethodol ogy- as
an al i gnnent al geitthing éléﬁﬁgﬁ»ﬁmt ic¥ad PINediodeiys gleckdyorcoraiinsular
pl ane over a known {é)nt Qur resg’(’)nse The. met hod 10 accordi ng to the

present inventi o?PIIdilr adt WHNAQY B Separatesi e Lhip JIPPWE RS 1%t edy for

detern1njng Bhe cgbrd?ﬂyte axis 14 shows the d1rect10n of an x-coordlnate, a
~ Y-coordinate and a z-coordlnate. The x-v plane lies |
'perpend1cu1ar to optxcal fiber 10.  Alignment is performed _
by moving c1rcu1ar header 11 1n the x— dlrectlon and the Y
| direction and by movxng port cap connector 13 in the 2 -
15 .dlrectlon. The movement is done using the motor 15, 16 and
Coan. I o
~ Figure 3 shows a PIN detector 101 placed on circular
header 11. Light from a light source 102 is trahsmitted
ﬁhreugh optical fiber 10, through'lens 9 through wihdowla to
20 - PIN detector 101. PIN deteciqr 101 will generate1cgrfent
besed on the amount of light whieh :eaeheS'the'activejarea.
As the alignment is adjusted PIN deﬁeetor 101 sends feedback
to instruments 2. Thls feedback is used by computer 1 to
‘aid- in alxgnment as dzscussed further below._ _
25 . quure 4 shows an LED 201 placed on circular'header 11.
-Light from LED 201 is transmitted through window 8, through

'lens 9, through optlcal fiber 10 to a detector 202.



alignment of the optical fiber in the X-Y coordinate plane. In the

one- vari able-at-a-tine strategy, as applied to-a a |ight.detector such as a
PI N detect or, light is propagated 15 thr®ugh optical fiber 10 throtgh

wi ndgw 8 to an.active area. The.current generated by |ight inpacting the :
active area (Defeditiond 202 @511hgenéfeGErients BI¥Ed Shcthe ARBudti gpnent of. -
chip 11 to optlcal fiber 10 is arbitrarily varied along one coordinatet % . -
axi s, whil e tlightl wipicknreathesi the lacti Ve amgd.i cals thiecaligninentiedf] N
constant - al.ong the other coordi nate axes. A step- by- st ep net hodol ogy -f or a
one-vari abl e- iﬂslﬁﬂﬁﬁ §§rh€@g§eléﬁkﬂﬁ wutlens Quissadpustedyhdetes z& X,

Y and Z coordjnhates at .th I nni hg. of the alignnent are _defined as belhg
at the 25 . <202 sends 86?5%%‘? DI @ -0, ARisATeRIPRFK s dPDF 200

‘m cronet egs [ @0?@%{65%9 ‘{p‘gsﬂ? agl.the XY coordinate plane with its

center-at~the“coa 0 0). The optinmum alignnment

in the X-Y coor di Agje® gtBRA b &F toaé“eoi’dltﬁljs'tot the Pradaye Step 2

- Wthout varying alignnent al ong t’ Y- coor di na ~axls or the
Z-coor di nat e jientibn akesNFErésHbRSE éﬁﬁfa&él)ﬂe‘i:ho‘ao\laggedsaan' ncrenents of
5 mcroneters starting fromthe coordinate. poi:nt 100, 0, 0) vand conti nui ng

to the coordlatlat;ampntnalgdﬁﬂtlﬁn o amﬂ;mdptacadofdbeat BO pbn ntise aX-€¥. gi ven i-n

m croneters. 10 . The response at each increnment i s neasured by

eval uating. tﬁ@op‘dmateuppanegemaa é@nqxp tqwtpm yespense. . Amer

shomn in Flgure 5,,.0f the o
10 ~according to the present 1nvent10n 1s contrasted to a one -~

(XX 3 . .. ' .‘
L [ )

) varlable-at-a-tzme strategy for determlnlng the optlmum o p'_KJ
allgnment ‘of the optlcal fiber in the X-Y coordlnate plane.
B .In the one-varlable-at-a-tzme strategy, as. applled to a
-a 1lght detector such as a PIN detector, lzght 1is propagated
- 135 'through opt;cal flber 10 through w1ndow 8 to an actlve area.
"The current generated by llght ‘impacting the act1ve area - -
.(referred to as the "response“) is monltored The allgnment '
of chip 11 to optxcal_fiber 10 1s-arb;trar1ly varled“along o
one.coordinate'axis, while the alignment of chip“llitO'
- 20 optlcal fiber 10 is held constant along ‘the other coordxnate ’;jee _
axes. A step—by-step methodology for a. one-varlable-at-a S N?{-.
time strategy is set out below: | | -
: Step_lz-'The 1n1t1a1 X, ¥ and 2 coordxnates at the beglnnzng '
| _.of the alxgnment are defined as belng at the h
l'_25 : coordinate posztlon of (0 0 0). A search window of

200 mlcrometers in diameter is defined in the x-Y-

coordinate plane with its center at the coordinaten



response is plotted onto a screen 20 of conputer 1-and stored in a data
array withinm a menory of 15 . conmputer 1. Step 3: From the data
varray, conputer 1 cal cul ates a point 22 where response is 90% of t he

maxi mum response fromthe left side of cur®e 21 and a. poi nt 23 -where

~response is 90% of the maxi num response fromthe 20 - right si de
~of cgrye 21.. A nidpoi ntp@ﬂ;mmn(ﬂhe,an% r'Eeecrptinm rldignmentolentlas t he
peak coordi nat e. point; Conputer i nstruct alignment and seal i ng

_statlon 3 to go to thi é’gomrﬂ&f‘étﬁoi’}ﬂne% aqRMBRG % BeoWathimythvis 25
| abel |-.ed (X—peak 0,0).: iﬁ?% Wthout varying alignnent along the
X-coardi nate axis or t éBordlnate axis, the alignnent along the Y

Boini (% poak, A D) AR Fari ﬁ%c%ff?*"'ﬁé'?%iéﬁ?%%{%%wﬁiﬁgﬁ dnate

Peak, 100, 0)s ~ The respep&e & eAehzisss dBiitd Sawis the aliBRAs &3/
evaluatlon t he power. output generated by the. PIN det ector. A curve 3

shown in Figure 6, of tthe Xeamdssisivaried tfl Dndremantecof26 aliceonetéss 1.
and stored in a data array within the nenory of conputer 1. 10 Step 5:

From the data array, cehartdnglfrahcthatesriinate RAnthdrd0pe8pdhsand s 90%
of the maxi mumresponse fromthe | eft side of curve 31 and a point 3 3where

response i s 90% of the q%t.lmwsesaom% GPFAINRALe  RANLs (3000, 81 heKe A

.ﬁldeIHt 34 between th%he coordlnate polnts .are ngen in micrometers.
_ : 10 H The response at each 1norement is measured by
~ | evaluating the power output'generated by the PIN -
detector. A cufve 21, shown in Figure 5, of the
response is plotted onto a screen 20 of computer 1
and stored in a data array within a memory of
15 computerll. | | |
Step 3: From the data array, oomputer_licalculates a point
| 22 where response is 90% of the maximum fesponSe'
fronm the left side‘of'oufve 21'end a point 23 where
response is 90% of the maximum: response from the
4 20 .--.= ‘right side of curve 21. A m‘dpoint 24 between the
90% response points is chosen as the peak X -
coordinate poent. Computer l'will_instruot"
alignment;and'seeling’station'B_to go to this
.].coorainate point.*-The coordinate point may'be f
s labelled (X-peak,0,0). | |
| Step_4§. W1thout varying alzgnment along the x-coordlnate

axis or the Z-coordinate axis, the alignment along



15 90% r esponse pdi nts is chosen as the peak Y- Coord_i nat e
~ point: Conputer 1 will instruct alignnent and sealing statien 3:tb go to
t hi-s ‘coordi nate point. The coordinate g%[ int may be | abelled ( X- peakY- peak,

0). 20 Step 6: Vary the alignment along*the Z axis until the |light beam

- from optlcal fiber 10 is at peak response power. . * The coordinate point for-
this position is-(X- peke | Y- axdsk 1szvep't1|em|ay: inpyements Gfthrm@'ommsl(lg '
bel ow coordi nat e p0| nt (X— peak Y- peak Z - pti mum

':(e Iabgl | efl (0,0, Z- o‘-tbh #ﬁ;ﬂg S'I:@p the cvpmét}@geawme @f‘l’@ﬁlﬁrbml%oﬂ?g g(he
-coordi nate axi.s or -cqQordi nate S nnent. -al.ong e .
axis is varied at mc?ré‘fnﬁﬂr& 1MIRG, &%ﬁ&s&r 83 %’gn&’*’l‘fonﬁ’i Ife coordinate

oi nt 100,0,Z - o con u he,.coordi nat e 0|n

?100 O(Z opt i rum) . p cur‘ve 4%) w% &’%gf?s’gﬁ%eg‘} ~8C {ficren: NtyAS he
responsegs plotted qﬁgggﬁfgaeg? %Qa‘iixa%@gﬂuhﬁé %ﬂ a‘?éa arrz%/é?‘ Fatal ar_ray

“within the rrem)ry of conputer From corrputer

cal cul ates a point. 4%%@?1@5%%@:1:& 9&%&&&%1%&%{&%@% |
fromthe left side of curve 41 and a point.43 where response is 0% of t he

~maxi mum response frorof ther m@bposxséeisf p&utted%nté\ sereen 120 49F bet ween. the .
90% r esponse points is chosen as the opti mum X - coordi nate point. Conputer
1 will instruct 15 computer Al agdnrstoredd ineal ﬂngasmra}ommm gz;hq o this
“coordi nat e poi nt . :-Themecn(x)o)rrydloril’atc:%m%%ltre;' Ta:y b.e | ' _
10 .Ste_p- -5: From the data array, computer 1 calculates a p01nt B :‘;
32 where response 1s 90% of the maximum response
from the left s:.de of curve 31 and a point 33 where- ‘
' response’ xs 90% of the max:.mum response from the
rJ.ght ‘side of .curve 31, Fy nudpomt 34 between the
15 | 90% response points is chosen as the peak Y -
| l_ coordz.nate point. Computer 1 will instruct
‘alignment and seal:.ng station 3 ‘to.go to this .
coordiﬁate' pomt - The coordmate pomt may be
N labelled (X-peak,Y-peak,0). | |
20 S*t_:ep .6:' Vary the angment along ‘the’ z axis until the hght \:J
| ‘beam from optzcal fzber 10" xs at peak response |
> power. The coordmate pomt for tm.s posztz.on is
'(X-peak, Y-peak, z-optlmum)- For step 7 through -
| 'step ‘10 below coord:.nate pomt (x-pea.k Y-peak Z2 -
25_ o | optimum) is re—labelled (0,0, Z-Opt:.mm)
| ISte'p 7: Without varymg al:.gmnent along the Y-coordmate

axis or the z-coordmate axis, the ahgmnent along



eord [ ] ¢ o e *
L] L] - - -

[abel | ed (X-optinmum O, Z-optimum). Step 9: Wthout varying alignnent al ong
the X-coordinate axis or the Z-coordinate axis. the alignnment al ong 20 ,
the Y axis'i's then varied-at increnents of, 5 micrometers starting fromthe

- coordi nate point (X - optimim-100,Z-optitun) and continuing to the
coordi-nate point (X-optinmum 100 ,Z-0 tlnun) The response at each. '
increment is neasured 59325 axis is Va%’d%ﬂ |56Wrﬁ'ﬂ§"ﬁ§§v@ BURIEKOMRYRNS L ed

Y o e ot e serton bR P e | el pofeL PELBERER S ©
wi-thin the nenory of cmﬁg?ﬁglanét%gﬂb%jggrg& Reed e[,aramgye p&ﬁwter

calcul ates a poi nt '52 sponse 1S f the maxinmumresponse

fromthe left side of ¢uwbusopE-aPeimuppl Nta mmq r SRBRASEN | Bifil%e o, t hie
maxi mum r esponse fron1the rlght S|de of curve 51. A m dpoi nt 54 betmeen '

the 90% response poi nt ofi the hoesponse tix plittadnoYito sepedhn20 eofhoi nt .
Computer 1 will instruct 10 - alignnent and sealing station 3. to-
go to this coordinate pomputen(-bpmmomq)tinm@tmmmthmenpm%ent _
invention utilizes a response surface methodology to align optical fiber 10
to chip 11 in the X-Y EPEQEY oh @?Ep‘p?%?elffed enbodi ment of the present

L ber b for siti‘%piai.itﬁﬁ B¢ AR ATAn RN SEnd Ralcilefer '&&Eﬁatthé
Y-coordinate axis. ThﬁzVQEBPQSPééﬁgéég is 90% of the maximum response
| 10 from the left s;de of curve 41 and a point 43 where
response is 90% of the maximum response_from the
right side of curve a1. A hidﬁoint 44 between the
.90% response poxnts 1s chosen as the opt;mum X -
_ coordxnate poxnt. cOmputer 1 will instruct
15 EE alignment and sealing statzon 3 to go to this
” - coordinate'point} The coordinate point may be
o 'labelled (x—optlmum 0, z-optzmun)
:step'9£ Without varyzng allgnment along the x-coordxnate
.~ axis or the Z-coordinate axis the alignment along
20  the Y axis-islthen varied at increments of 5_
micrometers startiug:from the coordinate point_(x - ,'
 1-optimum,;loo,i—optimum).and continuing to the
.coordinate point (x#optiuun,ioo,zeoptimum)._ The
_response at.each'increment is measured by
25  . evaluatlon the power output generated by the PIN
| | ;detector. A curve 51, shown in Figure 6, of the

-response is plotted onto screen 20 of computer 1



nmet hodol ogy is not used to align optical fiber-to chip 11 along the :
Z-coordinate axis. 20 . For the determ nation of. peak response in the
X-¥ plane, there are essentially two basig steps.” (1) Measurenents are o
made from which the path of st eepest -ascent is det er m ned by first order

dest gn nodel appr oxi mat e re made W t |n a
more |imted 25 region. det e%%%ﬁeg'q ylﬁ}ta"???—%& Hf%’r“ ﬁmﬂ%eq '

“appr oxi mat i on. Fron1tk&bﬂbwtbbe1 measur ement's. second order 13 nDdeI |ng

is done to approximate.the alignnment resulting in a maxi numresponse. The .

~ method accor di $tep ol0heFpmesbet daty endriay) cemphtefOnecalaulabes aa iimnt

- along three coordinate axes using a 5 two cubed factorial or varying :

“alignment al ong two codtdiwhgre ERSRONER i LORWOL stine rmak imunt vespdnsd n t he

preferred enmbodi nent, .a two sg red factorial as an allgnnen;ta%gorlthn1for_n.
I C

cal cul ati n@ opt i num podiiaokhg| LREt iide ofoSHEVRaSE 2Nt & poi wherge
axi s was chosen 10 rather t han, a $ Q%% factorial alon S
coordinate axes. This JoPRBES 4R %Pfﬁi' o PAET E@éﬁ%ﬁﬂq %WEFEH néthod.f-
was applied, the use of, 1@ V\% §ubsf hasiePlhal - Ae’gﬂﬁd el %I |gg§§ '
00 n1gh

varied along the full Inate axi's mght res in Fens

pushed through wi ndow Hps @espdh¥é ebints2isi Gnbsés 4 \hé bBEihim iV - _
carbitrarily limting range of novenent along.the Z-coordinate axis, which ..

could limt data fron1whmchihEEefporntxnammpuaeﬂ SewiwkinmsﬂructpprOX|natlons '

are made. This could result in the optimal response output not being .
found. Vapy|ng the fo@dngnment and sealing statlon 3 to go to this Ry

coordinate pOint (x—optimum Y-optimum z-optimum) "pﬁhdﬁi.
~ The present 1nvention utilizes a response surface o _
:methodology to align optical fiber 10 to ch1p i1 in the X-Y |
E plane..-In the preferred embodiment of the present invention
”15.°_this is done uszng a two squared factorial as an alignment '
' algorithm for calculating optimum position along the x -
"coordinate and the Y-coordinate axis.. The response surface-.'.
methodology is not used to align optical fiber to chip 11
_ along the z-coordinate axis.- o
20  For the determination of peak response in the Xx-Y o~
_-plane, there are essentially two ba51c steps., (1) |
:‘Measurements are’ made from which the path of steepest ascent
is determined by first order design model approximation.
_ (2) Further measurements are made within a more limited ;
25 'region determined by the first order design model -

approximation. From the further measurements second order



‘20 point of lens 9 could solve this trouble. Applicant instead elected to
-avoid this problemby using the response surface nethodology to find
,optimum position along the X—coordlnate aX|f3and t he Y-coordinate only, not
along t he Z-coordi nate. axis. -~ A st’€p-by-step procedure for :

perforn1ng the response sur f t hodol o set { below 14 Sfe

| a: cr;?l:he i niti alm°§ Ti ﬁﬂdli%ngf’nai’ay’g{mqtﬁetg@ ﬁh‘?’ﬂ'@f"@f r?ﬁ’élﬁ’r“‘!;rmant
are i ned as bei rdi nate p05|t|on of (0,0,0). The response
will be neasured%a? gﬁ?ﬁgﬁgﬁgﬁngte 5 points: - (-20,-20,0):

(+20.-20,0): (-20, 120, Bh et YocBlat ! Lo priaEncontulinktabg, Ay o ©

give in nlcroneters) The four coordinafe points are shown In

‘points 41, 42, 43oaedvddying Gllignfiehs alcHdnreeossordinutie akesi B€ing a
i ndi cate 10 the response current generated by pin diode 101 as a

function of the Xw§¥ cubedifacteorjedi or ovaxying mddbamentalengi kwo | n order
for ease of calculation, the coordinate points each have a coded form
Respectivel y t heCORESLNIER AXSS UFdngsa two square dcSeeteriale points are

%hé céo%i ng:é pé_i g% s {’st'%% Hr(ﬂf(‘%ﬁ?gn%aw @ éwgaé‘guafeéA}ag&na.L @fsrzgm -
'1'0_ S 1'0_an ali&nﬁ%ﬁk(%lgorzthmlfér'calculallgg opt1mum_pos1tlon_
along the X-coordinate and the Y-coordinate axis was chosen
.10 'rather than a two cubed-factOrial along all three coordinate
Ke; S ares. This is because in the overall system in which the
method was applied, the use of a two cubed factor1al _ _
requlrlng alignment to be varied along the full z-coordinate
axis might result in lens 9 might be pushed through window
15 8. Trying’to'avoid this would'reeult'in arbitrarily
llmltlng range of movement along the Z—coordxnate axxs,
which could llmzt data from which the first order and second
order approx1mat1ons are made. This could result in the
optimal response output not belng found. Varyxng the focal
20 point of lens S could solve this trouble. Applicant lnstead
\4_ - elected to av01d thls problem by using the response surface
_ methodology to find optimum position along the x-coordlnate
axis and the Y-coordinate only, not along ;he z-coordlnate
-ax1s; | o | _
25 A step-by-step procedure for performlng the response
- surface methodology is set out below:



1.0 . 1.0

as folloms
1.0--1.0

1.0 A
~ Matrix A1.0. 1.0.
1.0 1.0 -1.0 -1.0 " 1.0

‘is defined ds the transpose of Matrix A and is
1.0 .
1.0 *

Step 1b: The response at .the four coordinhfe points is measured and stored

inamtrix P.

- Table 1 5 '
- -20 e
-20
+3. 770 +20

611 +20

the{peg*9n1§@ oflthe allgnpent are+ge¢1ned as be1qg .
ot e £ 4ggtggposition of (0,0/6) Pimkd MetTIX. P

s as foll ows: Nhtrlx P +4
response will be nédsdiR GRTBBLE cdodiiisatkne measur ed

+3. 770 15

response to conpute a'response surface of a first order polynon al
Equation 1 ®elow. 20

predi cted response at -a particul ar alignnment along the X coordinate axis-
(+20,+20,0) (Values for the coordinate points. are -

and t he Y

10

- 20

© 28

as follows.'

Tabl e 1 bel ow.gi ves: exanpl e val ues for a neasured response:
- X-axi s Step la:X1 The digdiad X, Y and\t_Lcoordmaﬂgspa:mse”’(P)

gi ven by

pointg:l)(~20,-20,0); (F20,=20Q0%}; bl->Fo +202¥}:Po is the

- give in mxcrometers)._ The four coordlnate po;nts
. are shown in Figure 97as-points 41, 42, 43 and 44.
Figure 9 is a'graph-whose:elevation lines indicate'

.. the response current generated by pin diode 101 as

a function of the x—y coordlnate pos;tion of

_c1rcu1ar header 11. In order for ease of
-calculatxon, the coordxnate poxnts each have a

“coded form. Respectlvely the coded form of the

coordinate points are (-1,-1,0); (+1,-1,0); ( =

'1,+1,0); and (+1,+;;0); A matrix "A" derived from

the coordinate'points'isfas.followsf

,A' is defined as the transpose of Hatrxx A and ‘is

1.0 7 1.0 1.0 1.0
"100 1.0 ) -100: 1-0
-1.0 -1.0 1.0 1.0

e



coordi hate axi s. In order to determine coefficients b0, bl and b2,
conputer 1 enploys a 25 : | east squares nethod using matrix
. equation 2 belew (2) - b = [err}5For the exanple of nmeasured
responses given in Table 1, val ues -of coefficients b0, bl and b2 are
cal cul'ated to bestap fLbk | The . redyforesgialts thé. fdir cdokdifate points isequal s
+0.496. b2 equal s.-0.314. 16 Step 1lc: The above cal cul ati ons based on-
t he ™esponse at the fourneasingd@nsostaredt in mmttnﬁl? 42Table 14Belowve
the a path of steepest: ascent of response 55 shown in Figure 9. Path 55 is
determ néd by 5 : V%inﬁﬁqmﬂ4e3VBéPeﬁer§na measured resppnse:(p2/ bil) X1
I n order ‘to conflrnlestlnated val ues of. %E!aPo]est) al ong tthe path of '
st eepest ascent as calculated u5|ng Equa * actual val ues of Po

“(Po-act) areg 10 - 'X— neasur Th tual val yes are
starting at coordlnaLgop05|tron ( 0 0). %ﬁﬁﬁgg resulta f Tableqéggérgg g%bM/

- val ues of Po-est cal ggpat ed fron1eguat|on oas wel |l as_jypical
- P-act neasured duringzen actual 157 - +20 alignmenky Table 2.3 %7@Xis -
X1 Y-axis. +%0 PD-est  +2Bo0-act O +1 0O +4.825 O
0 - 4161 . 5.17 +5 .. +0.25 -3.16 - -0.158  4.78 -
5.38 20 +10 . +0.50 - . -6.32 . -0.316 4. 96 .5.50
o - Matrix P is as follows: o :
Matrix P
+4,611
S S +5.390
L 15 : - - +3.770
hd - _ . S +4.825

-Computer 1 uses the measured response to compute a
response surface of a f1rst order polynomlal glven
. by Equatlon 1 below: _
20 (1) . Po = b0 + b1Xl + b2Yl | _ _
-Po is the predlcted response at a part1cular
.alzgnment along the X coordlnate axis and the Y
coordinate axis.  In order to determlne__'
coeffieiehts'bo, bl and b2, cemputer 1 employs a
25 .. least squares method.using matrix equation 2 below:
@ pepaariae
| For the exaﬁple of measured responses given_in
Table 1,.valpes of'ccefficients.bo b1 and b2 are
" calculated to be as follows. b0 equals +4.611. bl
30 - _eqﬁals +0.496, b2 equals -0.314.



+15 . +0.75. -9.48  -0.474  5.13 5.57 +20 . +1. 00 -

'-12.64 - -0.632 5.31 5.55 +25° +1. 25 - -15.81--- -0.790 -
5. 48 - 5.47 +30 - +1.50- - 18. 97. -0.948 5.65 :
'5.34. 25 +35 . +1.75 . -22.1316 -1.106 - 5.83. -~ 5.13 +40
+2.00 -25.29 -1.264 6.00 - 4.87 ¥45 +2 25 -
-28.45 -1.438ep 16: 1The above c%l581$5£bns baseﬂzoﬁothe re sélat th}'f581
. 6.35 4,22 +55 . +2.75 . -34.77  -1.739 - .52 '3..86
30 +60- '~ +3. 00four meagnred coordirg®e poi6tz041, 42, 43,484+65
+3. 25 - -41.10 - -2.055- 6.87 = - 3.10 +70 +3.50
-44.26  -2.213 . 7.03ive the 32P9§h+9§;Steepe5¥3a$5ent ofy regponse. 5371
7.22 - . 2. 70 A gra Lcted actua nse | shomm 35
in Figure 10. Response® %é?% eéﬁgﬁg 8 & %% 1519 é&ﬂ} ¥s position
I s nmoved algng an X-axi Ferprel age¥5@X|s 52 Esti mated. path of st eepest.

.ascent response 55 (Po-e5t) may be contrasted with path of actual. response
56 (Po-act): 5 Ste p33d: Alignmentypnrd (deablygistation 3-is placed at the
measur ed coordlnate location with the greatest actual .response (Po- act)
From Table 2'it is seenInhatderhite ceonfition ees)trmartedeqahhes idf5 PO ¢Porest) s.
and Y-axis equals -9.48 mcroneters, The ¢hosen 10 coordi nate
poi nt (15,:9.48,0) is n%kPWQBqﬂ&bEPFEd°§(F??QEFSFnaﬁFébﬁr%&IQBﬁcPéPtgﬂep 2.

‘Step 2a: Having found the hi Leld res i an, S renen are made :
in order to faC|I|tate gﬁ&d&tlon { égt ues’ ogmﬁtl{Po ac are N

10 . | measured These actual values are measured o 'g;;
starting. at coord1nate pos1t10n (0 O 0) | The :
resultant Table 2 below show values of Po-est

o calculated from equatxon 1' as ‘well as typlcal

- values of P-act~measured durzng an actual

15 S alignpent. - ﬂ
Table 2
. X-axis - X1 - - Y-axis Y1 Po-est ' Po-act
0 .0 . 0 _ B 4,61 '5.17
. 45 o +0.28 . =3.16 "=-0.158  4.78 _ 5.38
20 +10 .. +0.50 - 66¢32_ ..=0.316 = 4.96 ~-5.50..
© 418  +0.75. -9.48 ' =0.474  5.13 | 5.57
+20 : +1.00 =-12.64 -0.632° = 5.31 - 5.55 -
+25 . +1.25 ; -15.8lj“ =0.790  5.48 - -5.47 B
' .. +30 +1.50 -18.97 . -0.948  5.65 . - 5.34 . .
25 - +35 . +1.75 - =22.13 = =1.106 5.83 5.13
: +40 . +2,00 -25.29  -1.264 . 6,00 4.87
- +45 +2.25 o =28.45 .=1.423 T 6.17. . 4,58 ¢ -
+50 +2.50 -31.61 «~1.581 6.35 4,22
T +55 +2.75  =34,77 - =1.739  6.52 . 3.86
30 " +60 - +3.00. . -37.93 . = -1.897 6.70 . 3.48
. +65 +3.25° - -41.10 =2.055 = 6.87 ‘3.10
+70 +3.50 - =44.26 =-2.213 7.04 - 2.88 ©
+75 . +3. 75”_--.-47 42 -2 371 -7 22 2. 70

A graph of predicted and actual response is shown

3. in Flgure 10. Response ax1s 53 shows amount of



a secohd order conposite approximation of the 15 . -alignnment which
yi.el[ ds the hi ghest response. For a designate of the three squared .

factorial®‘destgn nine test condition runs are required. Exanple values for.
the alignnent of the X-axis and the Y - axild coordi nates, the coded form of

~each alignnent 20 and the nmeasured response at each of the nine
~aligarents are shown in 12ﬁﬂquyssea§mpos¥&ﬂqn:3anaxed alonm_an X-axisYshxis
Y1 ™A Response (P) -5 1 -5 ~ 5.500 -
25 +5 - +1 _ and qn5x—ax;s 524 Estlmateg_gg@p_qf steepestl
45+l 5. 500, +5 ., +] _ ' +1, 555
Sor Ilawa 0 CpaseRnt r859°"&e 55 {Porgst] pay be chpezasted witn
0 . 5.555 30 0 ath of ac@ual res nse75Q7 Po-ack 14 $5:5150
0 : +7.07 S+, 4fi 5.5 po ( ﬁ 0]

5.555 . 18 Ehessetemasureazgnmehs aﬁde ﬁm\dnmq stEtgouses ik @iaﬁéﬂnas e 16
63, 64, 65, 66, 67, 68 and 69. Step 2b: Conputer 1 conputes the. response
surface of the second or aeaspoed noddrdirgiteedopat bomatiithn thebgreakes: (4)
= bo + b1X1l + b2Y1 + bll&err% + b22 err] + b12( X1Y1) Cbeffrcrents b0,
b1 "b11, b22, and bi2 ar @ FRzartAst ExpmTablace hb 1fiSRED

i equat{on (2) aboVgpel ehfguﬂ'mr@&-am Efudid $185nt QHbRYEGrs

_and Y-axls equals -9 48 mlcrometers. The chosen:
‘ 10 _ o coordlnate 901nt (15,-9.48,0) is now re-labelled
St : (0,0,0)'in preparation for step 2.

Step 2a: Having found the high yield_response'fegion,
- . measuremeﬁts are made in order to facilitéﬁe use of
a second order cbmposite approximation of the | |
15 | alignment which yieids the.highést_response. For a
- deéigﬁate of the three squared factorial desigh '
nine test condition funsfare.réquired Examplé
values for the a11gnment of the X-axis and the Y - -

axis coord1nates, the coded form of each alignment

: 20 S and the-measured response at each of the nine
~ alignments are shown in Table 3 below:
. o Table 3

X-axis X1 Y-axis Yi - Response (P)
- T W ' -5 . 5.500
25 ' 45 ST S -5 =1 5.530
o -5 - .=l . +5 -+l . 5.500
C 48 S +5 41 . 5.5585
- =7.07 T =1.414 o . S0 5.500
+7.07 .  +1.414 0 .- 0 5,555
- 30 0o - 0 ) - =7.07  =1.414 5.515
IR o 0 +7.07 +1.414 - 5.530

o

o o 0 5.555



~simul taneous ‘equations are then sotved to find the values X1 and Y1 for

10 . . _ Matrix A 1.0 ~-1.0 -, -1.0

1.0 1.0 1010 1.0 -1.0 ' 1.0. - 1.0
-1.01.0 - -1.0 ' 1.0 1.038 1.0 . -1.01.0 _
1.0 1.0 - © 1.0 15 1.0 -1.414 o
0.Q 2.0 - 0. 1 2.9

00 ‘0010 fhese(peasﬁf%d fgﬁﬁﬁs arezgﬁﬁyﬁ in Flgu%% 11 as 'd&q~’
1.0 0.0 " - 1péilrﬂts 61, QéJ 63, 642-65, 66, 670-88lafd 69. ~ 0.0 . -
0.0 .0 ' 20 Matrix A is the t ranspose of ‘Mat rix.
A. - Using t he \Eacbneébr» nCQmmBerS la@@wutealtnéatesbomleuearfacetdsﬁe the )

fcoeff|C|ents are as follows:_ b0 equals +5,555; bl equals +1.020; b2 eqﬁalss

+0.006; bll equals -0.032cond; order polynopdal cgimens byoequatiomd helpwaqual s -
:gfggg a?tﬁglcﬁ dcﬁgguaihﬁcn(gﬁﬁi’ %ﬁiég%gﬁliﬁﬁhc' 2%Hise|§%§%ﬂéH§§Sﬁg'f
cauat on (9) and eauat! Qhud el HESBES HHE) 21 BB e 1 ¢ oopect

B?Pgl)/d(Yl)lg (g)z +2*g(2§( Yléﬁﬁg%efé(l’%lfﬁ%ag éerl tale/%szlg%ae’aég%?long (mﬁtrllg_set
to zero and the derivatégatioreqegt aBbved) IS &filatlionZeLy, -mathik A is

maxi num or m ni mum Po.as follows. :
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20
Metris.ﬁ' is the trenspose,of Matrix A. Using'the. L
.-éalues_in-table 3_above, ceichiated values,for'ﬁheef'-'
'ccefficients are es'follcws: b0 equals 45 555;. bl}';;'~ -
equals +1.0207 b2 equals. +o 006; bll equals -0. 015, 8
25 o _bzz equals -o 017; - and b12 equals +0.006. .
H . Step 2c°’COmputer 1 determlnes frcm equat;on (4) the |
coordlnate values. at wh1ch a maximum or min1mum
response occurs Th1s is. done usxng equatlon (5)
N and equat;on (6) whlch respectlvely are the '
0 B ' der1vative of Po with respect to X1 and the
| - derivatlve of Po with respect to y: |



Step 2d: Corrputer 1 substitutes the values for X1 and Y1 found in St ep 2c
i nto equation (4) to. deternine. the - estimated response (Po-est)..

Conputer 1 performs 10 six confi rrratory tests by nmeasuring actual
responses (Po-act) at p03|t|ons in the X-Y pl 18ne. Po- est versus Po-act are.

given_in table 4 bel ow(5>5 axi s Y--axi s - ' Po- est
Po- acj 0 0 d(PO)/dOXl) bl 525511(x1) N gngg {9 76
40.152 +0.31  +Qe§61 " Saphs 5.57 +1.52 %

+0.61  +0.122 - 5.56 5957°MAG) b2+®2:115252(y1) 40b93(x1) +0. 184
5.56 , - 5.57 +3.03  TheQUiiQRiat i .+0.245  5.56 ~ 5.58
20 +3. 79 +0. 758 +1.53° 1V 6lJf %ﬁ?at1QF $8) is set to 28rdhgng

al i gnnent ‘that yields the ﬁétaalderdsqaemes is ted. nthis case it would.
be coordinate {3.03, 1.22,0) u\é\lhl ch is also %ﬁlag:ga 96?)e’a$< Pt teonpmer The
resets this coordinate t 0 P Sendousteqiftions a 0,Q); Step 3:
Corrputer 1 varies the notor' s Z- coordi nat e posi tlrgnul’m ltvﬁg B tf*ﬁﬂnthe

Z- coordi nate position (i. YalugfeXy andrtii rfairemaﬁsm&erS}:\M% Pﬂﬁg‘#{ts in the_
hi ghest  response)gde, fogun 20 Step 4a: Upon finding optl
e}ecﬁdeo'rna'&eﬁplp %B?srﬁ&ttp@ﬁsathe agAivesOBbi REhng

measur enments for
Exanpl e values for the aI | gnment

response at hine allgnnen
of the X-axis and the Y _?éuﬁ&euPtgtae SxtBte oRAeAtianed 4)1 ke dexiarthine’ ¥hel

~ each al i gnrrent and the Wﬁﬂiﬁté@%@&%ﬁsgt (Eg est:o)f tc'&%pﬂ't&? 1 performs
10 six
o . confirmatory tests by measuring actual
ot ) ’
o B responses (Po-act) at positions in the x-y Plane

Po-est versus Po-act are given in table 4 below'

o | Table 4
_ X-axi o . o
1 - s ,Xé B Y-gxis Ytli , Po-est  Ppo-act
. 2 | 5.
| +g.;g | 5:8';22 +0.31 +0.061 5.?2 g'gg
11.52 10:303  +0.61 401122 5.5  5ay
1227 volass *0.92 40,184 5.5  5.89
20 1303 606 41,22 +0.245 '5.56 5.58
| . ‘79 +0.758 +1.53 +0.306 5.5 . s, 22

The alignment that yields the peak response is -
- Selected. 1In this case it would be coordinate
(3 03 ©1.22 O) which is also (x-peak Y-peak,0).
o Computer 1 resets this coordinate to be coordinate |
3 (0,0,0).
‘Step 3: Computer 1 varies the.motor;s-z¥cootdihate -
.pOSition until the optimum z~coordinate position
(i.e., the Z-coordinate position which results in
_‘the highest response) is found.



al i gnnents are shown in Table 5 bel ow. Table 5 X-axis X1, CY-axis

Yi . Response (10 -3 -1 -3 -1 ‘,' <. 9.075 -

0 © Q - -3 . -1 9. 065 +3 ;+1 -3 T
-1 - 9.060 -3 -1 0 20 0 9.070 0 - .~ 0.~
0o -~ . 0 . 9.070 15 - +#3 41 0 0 P
9.050 -3 - Stép 4a: Upon fﬁndlng Z-obtlmum, meébéPQhé%ts for a sEcoq?

+3 0 41 '9.060 +3. 035

20 Step 4b: Conputer 1ortien @ppqnxnmstube aeepmmﬁﬂxammhagedof'mhg second

order polynom al given by equation (4). Coefficients b0, bl, bll, b22, -and-

bl2 are cal culated by t RESPeRse %&nﬂ%nssaQEGHEGDUS|aq; nbtakneéquﬂxamPIQZ)

above. Matrix Ais as | ows ' Matrix A 1. 0]
10 .. -1o0 ) % gues forEth allgnmeﬁtgoq_qye x-axxsoamd the Y -1 0

0.0 0 0.
10 1.0 “.5: L0 Qxis coprdlnates 5he coded;ﬁprm of. eacp(?%agnmentl 0.
0.0 0.0 Y Qnd the mé%s@ared resfofis e 0.0
1.0 0.0 0010 Fo %‘9‘ a"hﬁffluqem“elo
-1.0 1.0 + 0.0 aligriméhts are sﬁan in Tapleds pelow: 0.0 1.0
1.0 1.0 - 1.0 - . 1.0 1.0 - 21 LBlng t he values |n
table 5 above, caICuIated - . . Table S5
: X-axis. = X1 - Y-axis Y. _Response
10 -3 = =3 -1 9.075 .
A I D N 9.065 NS
+3 o+ =3 L -1 9.060 e
- -1 0 0 . 9.070
: 0 SR TR (] 0 - . 9,070
15 +3 41 - .. 0 @ o0 9,050 .
: -3 B S T +3 4 '9.070
0 o +3 41 9.060

+3 43 43 4+l 9.035

"20. Step 4b. Computer 1 then computes the response surface of
| the second order polynom1a1 given by equatlon (4).
:Coeff1c1ents ‘bo, b1, bli, b22, and bl2 are.
.", calculated by the least squares method usxng matrlx
“ equation (2)_above. Matr1x A is as follows:

25 - Matrix A

1.0 =1.0 -1.0 - 1.0 - 1.0 ~1.0

1.0 0.0 -1.0 - 0.0 . 1.0 0.0

1.0 1.0 -1.0 1.0 1.0 - -1.0 -

. 1.0 -1.0 0.0 1.0 0.0 0.0

’ 1-0 100 : _. 0.0 . . 100 0-0 0.0 .
1.0 -1.0 1.0 1.0 1.0 -1.0
1.0 0.0 1.0 - 0.0 1.0 0.0



~

values for the coefficients are as follows: b0 equals 9.067; bl equals
-0.012; b2 equals -0.006; bil equals -0.005; b22 equals -0.002; and, bl2 5
equals -0.005:.Step 4c: Conputer 1 determges from equation (4) the

coordi nate val ues at which a maxi mum or m ni numresponse occurs. This is

agai n done using equat i Offg{m®) & & gug% 9@ tD1e 5TQ%o@§r'¥§¥édT%€ equatlon

10 .= (5) is set to zero an erivative in équa Is set -

to ze¢o. The sinult aneowdl ssIFOrORheatSe O Mithts aekdss fénfddad tpe val ues
X1 and Y1 for maxi mumor mninmum Po. Step 4d: Conputer 1 substitutes the

values for X1 and Y1 15 equals 9. 067ﬁobhdequarieﬁm A£12i;nbd eguslls 610.406p
~deternine the estinmated response (Po-est) Conmputer 1 perfornms six .
~confirmatory tests by nedkuredugl &ct"QaPO?ésleﬂ"lMa(lPo*&e@‘)?"ataqsbsbﬁ?ons in
the XY pIaQ? Po- est versua_Po 8§§are given.in.table 6 below 20

S

_Table 6 X- Po- est . 'Po-act 0
0 Y2 15ed 9 Fomput 9. Qe 1

Y sE 12 o Stdp 45 computer T ir@?“é%(¥}9T shfetion (428,
9.07 - 9.07 25 ébéidlnate vglééé at whrdi ZEméﬁim&h or mlnzmuﬁ 07
9.06 -4.67 +0. 606 _ -8.7E-1 9.07 -5.

. +0. 758 -1.1E-11 O response chﬁrs " Thixs 43 Elgaz.al g:mmﬂmquuytmmis
t he peak response is selected. In this case it wuld be coordinate ( - -
292 _ . - (5) and equatxon (6) The derivatzve in equation
o R  (5) is set to zero and the derzvatlve in equatlon

\vf (6) is set to zero. The s1mu1tanepus equatzons are
B solved in order to find the values X1 and Y1 for
maximum or minimum Po. o |
-step 4d::Computer l-substitutes'the.Values for X1 and Y1
15 found in Step 4c into equation 4 to determine the
estimated'response (Po-est). Computer 1 ?erforms
six conflrmatory tests by measurlng actual |
' responses (Po-act) at p051t10ns in the X-Y plane.
_ Po-est versus Po-act are given in table 6 below:
| 20 o |  Table 6 |
V2 | . X-axis X1 Y-axis Y1 Po-est  Po-act
' : -9 : o - ~ 42.1E-12 O - 9.07 9.06
=1.17 +0.152 '~ - =4.3E-12 O . - 9.07 . 9.06
' -2.3 +0.303 ~ =6.5E-12 O 9,07 - 9,07 |
25  =3.5 . +0.455 = -6.7E-12 0 9.07 9.06
' =-4.67 +0.606 @ -8,7E-12 O 9.07 - 9,07
0 9 07 : 9.07

-5.83 = +0, 758 '-1 1E-11
' The allgnment that yxelds the peak response is -

selected. In this case'it-would be eoordinate (-



2. 33, 0 Z- optlrrun) which is al so (X—optlrrumY - optimum Z-optinmun. The

met hod of -the present invention conpares favorably with the one-variable-at
a timme.method. In a typical one - 5 variable-at-a tine net hod; for :
alignment in the x-y.coordi nate plane 80 czirdi nate points are: rreasured in
the crude alignment (before the Z direction ali ghment) and anot her 80 i

coordi nate points are neasmsecb)mddtthhr)abh%hg{ymtso( IxLeprimen & - \4

direction alignment). Using the 10 method of the present- T.nvention,
"however, crude ali gnnentOPﬁlm%Déoptpknane.was done neasuring the response’

~at only 35 coordi n_at % The. final- alignment in the X-Y plane was.
- perforned neasuri ng %oBFdM&t@?ﬁﬁ‘?ﬁ smmﬂltlantmdefﬁaorobl)al

the surface re d used with.o f.ew changes. There'
are essential l ;‘pg??l r \Xt.ggbgé?(l:afsj %e ﬁv@&%ﬂ?@ nf% 2, PiGAE PR -
whi ch the path ﬁrfé&euaetaaefﬁ@tmé&&fit %P %‘iggﬂiseﬂt f:ﬁ% t9edgLydesign model .

approxi mation.. (2) Further . nmeasur-enent s are e Wt a . imofe limted

regi on det er ni nesbiindte plane 80 covrifnatesipdintBlgte HUNsRFLABL A Ohe From
the further measurenents. second order nodelling 1's done to approxinmate the

al i gnment. r esulerude ialignmert n(befaepdinee 2 Vicettion alidmmentyaandn (1) is.
changed to equation (7) below, 25 .- (7): o Pa bO + b1X1 + b2Y1
+ .b3Z1 The seccﬁﬂ?%elaoeﬁa‘a’{@b'?ﬁ@ iRPigrtsngEe. P@a%@tﬁﬁ iionthe) fheabw - 23

(8) PO = bO * f&%mEnQZsttePﬁé? ! %&rgé Ié% a1 éﬁﬁéﬁ%%l) Using the
| 10 _ method of the present 1nvention, however, crude alignment 1n '_g_;;
the X-Y plane was done measuring the response at only 35 _
coordinate p01nts The final alignment in the X-Y plane was ;;.--'
performed measuring only 15 coordinate p01nts.
For a two cubed factorial the surface response nmethod
ilsl can be used with only a few chanqes. There are essentially '
still two basic steps° (1) Measurements are made fron which
the path of steepest ascent is determined by first order |
: de51gn model approximation._ (2) Further measurenents are
_made w1th1n a ‘more- limited region determined by the first _
20 order design model approximation. -From the further _ t.f _“g;;
“ _measurements second order modelling is done to approximate '
the aIignment resulting in a maximum response,:
The first order equation (1) is changed to equation (7)
| : below: - ' _ - _ ,
2% (7))  Po= bO + blX1 + b2yl + b3z
~ The second order equation 1 is changed to equation (8)
| beIOW'.



+ b23(Y1Z1l) + b123X1Y1Zl1l The coded setti ngs of each al i gnnent for the
second, or der ‘conpoOsite design are as in table 7 below 5 _

Table 7 xt - vi ~ z7@-1 2 -t i
1 , (%) Po bO + x1 b - -1 10 - o T
o ) = + b2Yl + b3zl + b12(X1Y1) +Ilb13(X
TP 1 + b23(¥1Z1) + bl23X1W12z1 _( | i 15 (xiz1) .
-1.682 0 - i ch alignment
1 ees ’ 00 - The i&%eggzsettmgs og ¢pach allgnment ﬂar the
-1.682 20 second order dbmposite deSJ
0} ' O Matrix A for the second d%rp acroemggsflf’etw%ﬂ aelpy ‘give
bel ow. 25 15 ©o-1 -1 _ Tablé 7 1 ' 1
L T -1 1 -1 | '1 L
. 1 1 C1 X1i11 Y11 lza -1~ 1
-1 -1 -1 1 - _1°1 -1 -11 1 < -1 -1
13 1 1 1 L "yt e
L L 1 1 = 11 L11 0-1 1 1
10 : 1 1
1 1 1 1 -1 1 -1,682 0 =1 0 0 '
0 0 035 1 10 -1.68¢ 0 2 0 °
0 | A 1 1 |
I 1 1 1
15 - ~1.682 0 0
: 1.682 0. 0
O 0 ~1.682 0
N | .g - 1.682 0
o 0 -1.682
_20_ o . , .0 ' 1.682
. 0 0 ' 0
Matrix A for the second order comp051te equation is give
" below: |
25 1 -1 -1 -1 1l 1 1 -1
: 1 1 -1 -1 -1 -1 1 1
1 -1 1 -1 -1 1 -1 1
1 1 1 -1 1 -1 -1 -1
| 1 -1 -1 o1 1 -1 -1 1
30 1 R 1 -1 - 1 -1 -1
; - -1 1l 1 -1 -1 1 -1.
1 1 _ 1 1 1 1 1 1l
. 1 -1.682 0 -0 -0 0] 0o -0
Y. . 1 1.682 o 0 0 . 0 -0 0
| 35 1 0 -1.682 -0 o - 0 o o
S U 0 . 1.682 0 ) o 0 0
1 0 o -1.682 0 o 0 0
1. 0 (s} 1.682 0 ‘0 0 0
1 0 0 0. o - 0. o 0
40 General statistical information related to the present

invention may be found in Box, Hunter & Hunter. S_t_a:is_tig_s

tg:_ﬁxne:imen;e154 chapters 14 and 15.



35 1° 0 1. 682 0. 0 . o - 0 01 0.

o -1.682 0 . . 0 0 .01 0 0 " ..1.682
o " -0 .0 01 . 0 -0 _ 0 0. - 0 _
0 -0 40 Ceneral statistical im%rmtion related to the present
‘invention may. be found in Box, Hunter & Hunter. Statistics for. o
Experi menters. Chapters 14 and 15. 24 1 Claim 1.A method for LocatMﬁ§

an optimumalignnment of an 5 optical fiber to an active device in an X-Y
coordi nat e pl ane perpendi cular to the opt®ERIRS | ber, the optinum al i gnnent
being at-X-Y co gg* £s where an optinmal -transfer of 1ight between the:

active device an e optical fiber takes place t he method conprising the

steps of : 10 (2) ol @heg tbe Padcaly LhPBbelful N okive dpvige at @

first series of X—Y coordi nates an |rst neasur e

i ndi cate the rebptiosl @ibert tof ahi §btive ansficer ¢d QﬁtWQ:cU}@éHBté;glan%ber

and the active device at each of the first series of X-Y coordinat

(b) - making a fpexperstidanagetogthernopt iclpifdbiernt the cftidia AdEneént

st eepest ascent of. the anmount of transferred |ight relative to sel ected X—
coor di nat es, "t Heeing aat &Heﬁ%@@%@i#ﬁ)d@lergppnoﬁphmabrtrlwsﬁgrbaﬁebllght the

f t d t f th
amount | of 1t anteHRSR EhgheCAEh AnEl oA the BEFIFAL Aihgodakeetpiane, -
~active device a%gé*ﬁ%%ﬂaadcaﬁé#félﬁg the ggg rdlgates along t he apprOX|nat|on

of the path of eepest asce
10 : (a) aligning the optical fiber to the active device at

a first series of X—Y coordinates and taking first ' ~
.neasurements which 1nd1cate the relative amount of light
transferred hetween the optical_fiber and the active dev1ce .

at each of the first serieS'of X-Y-coordinates: _

- 15 . (b) making a first order design model approximation of
the path of steepest ascent of the amount of transferred
light relative to selected x-y coordinates, the first order
o de51gn model approximation being based on the first
_ measurements. _ '
20 T A(e) taking second - measurements of ‘the amount of ';\;;'
'transferred light when the optical fiber is aligned w1th the
active device at a second series of X-yY coordinates along
the approximation of the path of steepest ascent.
- (d) taking third measurements of the amount of
- 25 transferred light when the optical fiber is aligned w1th the

-:active dev1ce at a third series of x-v coordinates, the

]third series of X-Y coordinates,being in a-region which_

% € L B s *



" (d) taking third nmeasurenents of the anount of 25 transferred |ight when
the optical -f-iber is aligned with the active device at a third series of
. X-Y coordinates, the third series of X-Y ggordinates being in a region . -
which: = 25 includes the X-Y coordinate in the second series of X-Y

coordi nat s ats Yl 6 RHTHELRHHRLe Ol | AN RIGrl] Jrdl, ypSyIpasUr e

- (e) z making-a second order conposite design nod o approximation of the
approki mat e opidoralinatiegn@tnwhXcl €RE’ dhRkEn WmAMHE bf Re-arBrbprea appyle  of
light is transferred, the.second order conposite design nodel approximation
bei ng based owash@easuredreasurenents; (f) taking fourth measurenents .of
the amount of 10 transferred l:ight when the optical fiber is aligned with
. the active device dt®)a MAKiNG 3JcFpesndfoxder cconpigitiecdesign nhdel
approxi mat ¢ optinal .alignnen -Y coordipate; and, (g) .selecting as the .
opti num al gg_nm"d‘ﬁ OB cé’ef ABRFOX{mate oRtimAl AdJcmmenk gCy( -
coordinate.fr@@: r 2 selles of. X-Y coordl whi ch the .
maxi mum anount O?Jatqrnér%sgf %rgr. églfﬁgﬁ#gmﬁ%‘}éﬂfﬁlggm%%%t iiﬁgkhbﬁ as in Claim
1 wherein the . Q?Qgr i ?ﬁgp Eord@P’ 'ﬁggi ke pest path
ascent” is 20_t%; cha'e 'ggﬁggg e §d+fomnHgﬁﬁqugf%ggggﬁéazméégﬁ b1X1 + .
b2Y1l; where PapproRifaeibhOBaing Cbaséd oW WHe thirdneasut-gdehtht . X1 is .
proportional to the X coordinaté, Yl is proportional to.the Y coordinate
and b0, bl and b2 ity ceaking €oufth’heasurements of the amount of
10 transferred light when the optical fiber is aligned with the
F«J -~ active device at a fourth series of X-Y coordinates near the
- approximate optimal alignment X-¥ coordinéte:fand; _
'(g) Selectiné as the optimum alignment of the 6ptica1 ”
‘fiber to the active device an X-Y coordinate from the fourth
15 series of X?Y'cbordinates at which the maximum amount of |

:ransferréd light was méa_sﬂre_d..

2. A method as in Claim 1 wherein the first order
design model appijbxiﬁation 6f the Steepest"path -ascefnt is
| 20 -ca.lculated using ‘the following equation: | o |
Po = b0 + blX1 + b2vl; |
where Po is proporticnal to the amount of transferred light,
x is propbrtionai to the X coordinate, Y1 is propbrtiofxal
to the Y coordinate and b0, bl and b2 are coefficients.
25

(O



26 3. Anmethod as in Caim1 wherein the second order conposite design
nodel approxi'mation of the approxi mate opti nal alrgnnent X-Y coordi.nate
cal cul ated using the followi ng equation:_ 5 Po bO + bl (XI') + b2(Y1) + -
+ b22[err] +b12(X1Y1); where P8 s proportional to the anount o
‘transterred light, X1 is proportional to the X coordinate, YLl is '

to tAe YAcmethidhas kmElHim &l wnereim;hebeecm argerar e \;

‘bl1lf[err}

proporti
coeffi ci
opti cal

fiber and taking first neasurenents which indicate the relative anount of'

onal
ents.

10 4, A method for. |ocating an optinum-alignnent of an.

fi be¢omaoehtemwmaﬂ%1 anRpr pmakienaPf ghie neppEe Nymatex. v. z
coor di nat es where ‘an: optlnal transfer of |ight between the active" deV|ce
~and the opt|nat1ﬁabealughmen15Xﬂmannnrdinaheth@dcabnplasedgushegsteps of :
(a) aligning the-optical fiber to the active -device at a first series of
X-Y coordi natke Faldpwinyg @amaﬁnqn{aplane per pendi cul ar to the optica

T

is

f

light 20 str @askeboed BE{XERMH e YI) Heamr(imér) anth2ei¥1ayt + el Z(KAYAS fat
each of the first series of X-Y coordinates; (b)  nuking.a first order
desi gn-nodel whegeoRonisi propértienghatte cﬁhetmm ofstransferred Liahfnt
transferred light relative to selected X--Y coordlnates the first order

desi gn nodel X3ppsoRrREOYBIOPR] kP e K cﬁPQ‘F’fgnﬁtht Fre&%ul’m naly

t aki ng secon

opti cal

fjbe .

oS ER Gy S [ B o) 122805 £ Lhga 5 e

 coefficients.

10

4. A method for locating an optinum alignment-of'an L

optical fiber to an active device, the Optimum alignment

| being at X-Y-Z coordinates where an optimal transfer of

:flight between the active dev1ce and the optical fiber takes f-

15

place, the method comprising the steps of: _ _
(a) aligning the optical fiber to the active devxce at

of
25

a first series of x—y coordinates in an X-Y coordinate plane L

'_perpendicular to the optical fiber and taking first

20

measurements which indicate the relative amount of light _'

transf=rred between the optical fiber and the active dev1ce

'at each of tne first series of X-Y coordinates.

25

(b) making a first order des;gn model approximation of
the path of steepest ascent of the amount of transferred i
1light relative to selected X-Y coordinates, the first order 3
design model approximation being based_on the first _
measurements.z . | | I

(c) taking second measurements of the amount of

~

transferred light when the optical fiber is aligned w1th the _: .

'mmmmmw|
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27 active device at a second series of X-Y coordinates along the

approxi mati on of - the path of steepest ascent; (d) taking third

measur enerits of the amount of transferred 27ght when the optical fiber is
aligned with the 5 -active device at a third series of X-Y coordinates; the

third.series of astiveodedioatats BeieddniNseriddic XY eBorAThaas A1bAgX- Y
.coordinate in the second series of X-Y coordinates at which the maxi nrum

anoWf - of tr ansft&er appreyimation wfathecpati®f steepeét)ascmiti;ng a second

"order design nodel apﬁroxination of the approxi mate peak alignnent X-Y

coordinate at which A8 nER¥RInBiEEnmearurenmits of thasamewetd oft he second .
der desi | ' ' b d. t t hi,rd_ne ts, 15

(1) taking  oul PR RBEEFAnEIrY spenr Eng BB ‘chPakct ora CERAA, M hnEhe e

O hat oo 8 oL dckivEaLy L e BetAEhhVSeLid G Fhy cbOilihagl! BRe0T X

coor di nates near .t he approxi mat e peak alTgnment XY coordinate’ (9§ :

sel ecting as a RA3kdXsdrF@PTeH XavecabiAWEYYs Gleih@eirla ARjidrAlnicher to
t he active device-an X-Y coordinate fromthe fourth series of X-Y
coordi nates at Whcthdesetlhau~Yuecooraimstefin ntdestecond- saids wds Xreasur ed;
(h) taking fifth neasurenments of the anpunt of transferred |ight when the
optical filter icoonflinaees &t #hish thetmaxionine amontoof diranssfepaied: 3ight
which the Z coordiinate is varied and X-Y coordinates are at the peak X-Y
coordinate al i ghAgnpeasured; . : o
| 10 ° (e) making a second order design model approximation
_J of the approximate peak alignment X-Y coordinate at which
| _tﬁe méximum_amdunt of light is transfefred, the second order
design model approximation being based on the third | |
measurements; | ' |
15 (f) iaking-fourth measureménts of the amount of
trahsferred light when the optical fiber is aligned with the
active device at a fcurth series of x-Y'coord;nates near the
'apbroxiﬁate.peak alignment X-Y coordinate: |
 (g) selecting as a peak X-Y coordinate alignment of the
20 optical.fiber to the.aCtiVe device an X-Y coordinate from
\J/' o o -the'fghrth series of X-Y doordinates at which the maximum
- amount of transfefrgd 1ight'was measured;
~ (h) taking £ifth measurements of the amount of
transferred light Vhen the pptiCal.fiiter is aligned at a
25 fifth series of coordinate points in which the % coordinate
| is vafiéd'and X-Y coordinates are at the peak X-Y coordinate

alignment; -

 ——

T



28 (|) selectlng as. the optinum Z coordlnate the Z coordinate in the fifth

series of coordinate points at which the maxi mum anount of transferred .
| i ght” was measured; (j) . taking sixth nmeggurenents of the anount of 5
transferred 1ight vwhen t he optical fiber is aligned wth the active device

‘at a sixth series )¢ t ebi o) i.nates being- |n ;f:h
- plane of -the opti m‘gfrln ZQ%%%? %s tﬁi} %r?gég'@g?oﬁéﬂgéﬁﬁagﬁdﬁfdi the X-&"

peak coordi nateorddnate in (ﬁﬁe ﬁi‘iﬁm%e%ﬁ%ce?dc%ij&gpﬁé 0%5.&{%2 t wthl\%‘l -c.h |

approxi mati on of the approxi mate optinmal al i gnnent

t he maxi num atbermaximin grournt  idfatyhastedred hBi GIvE Ak Qﬁéiﬂur‘ias' gn nodel -
.approxi mati on bei n? based on the.sixth neasurenents; 15 . . (i) taking’
sevent h measur emenf 3) oftakigigusioth mieatsmeméntsedfltmmmkmt idge optical

fiber is aligped with the active device at a seventh series of coordi nates -

 near the &bpr BkARBEFRAS Lightawhenrihe mpyicabrfiber ois midgrieg) withetheng:
"as a opti nal cogrdl r}%{e al. |a§-rrrrent, of the 20 optical fiber to the active.
~device an X-Y2 niKEhs SeELLS %%r?%r‘!#niiﬁﬁ:dlﬁﬁ@t sdxgh whi ch

aaima W”K?r%(‘#rst 135bed by, 1R {HE 40 5%3#5%“2? the |

t t t | gt P bO
E&ipfsb23? hedstditaties aaa' W a ?Qg&!éh”%i@ﬁ iﬁéimgr@th%qrv %aax ° *

coordi nate;

i0 (k_') making a’ second order deSign model approximation

. of the approximate optimal alignment x-Y coordinate at which o

- the maximum amount of - light is transferred the second order _—

design model approximation being based on the Sixth :
_ measurements. |
15 ' (1) taking seventh.measurementsnof the anount of
: transferred light when the opticai fiber is aligned with the
active device at a seventh series of coordinates near the
'approx1mate optimal alignment x-Y coordinate, and, _
_ (g) selecting as a optimal coordinate alignment of the |
_'20'_-optical fiber to the active deVice an x-v-z coordinate from
"the seventh series of coordinates at which the naximum

amount of_ trans__ferred- lig_ht wa_s_ _measured_. .

| o 5 A method as in Claim 4 wherein ‘the first order
25 _'deSign model approximation of the steepest path ascent is.
' calculated usmg the follow1ng equation*

Po bO + biXl + bZYl.

* c L M s * H
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29 where Po is proportional to the amount of transferred light, X1 is
proportional -to the X coordinate, Yl is proportional to the Y coordinate
cand b0, bl and b2-are coefficients. 5 29 6. A nmethod as in Jaim4
wherein the second. order design nodel approxination of the approxinmate

e oS Yo 1658EpBEL ot L S bul 08 LhaRLELLM ahe,

wher e#Po i s HORY (el igna oGl AodriAnalee)’ 94 L4 Ohhopdfkichar

proportional to th coordi nate i's. proportional "to

and b0, bl, kg thkly @3draifated Zard V1 iahide WS aréScoefficilentsh Met hod .
for Iocatlng an opti nmum al i gnnent of an optical fiber to an active device,
the opti mum al i gnnent being at X-Y-Z coordi nates where an opti nmal transfep
of 'l1ight between the active device and the optical fiber takes place the .
met hod corgori si ng &.he Asimepbodfas2in Clain (4)whexteir thet secondiexder | ber to
the active device at-a first series of X-Y-Z coordi nates and Iaking first

measur ement s G9fiicm meded aappresimation Rf HheuAPRTCAINALE (IRLLPRE [ ed

between the optical fiber and the active device at each of the first series’

of X-Y-Z coordiignment X-Y coordppakakirgcalrudates gsingdingm nodel
approxi mation of the path of steepest ascent of the ampunt of transferred
light relati f@ylowdeQMPbdY0y coordinates, the first - 30 order design
nodel apprOX|nat|on bei ng ‘based on the first q;asurenenti _
Po = b0 + bl%XI) + b2(Yl) + bl1l(X1<€) + b22(¥1<) + bl2(X1iY¥Yl):;

10 * yhere Po is propértional,to'the amount of transferred light,

X1 is proportional to the X coordinate, Y1 is proportional

to the Y- coordlnate and bo, bl b2, bll, b22 and b12 are

,coeffxclents.

.15 - 7. A method for locatlng an optlmum allgnment of an.
optlcal flber to an active devxce, the optimum alxgnment
being at X-Y-Z coerd1nates where an optlmal transfer of
light between the actlve dev1ce and the optlcal fxber takes

_' place, the method compris;ng the steps of:
A, | .20, S (a) alignlng the optical fiber to the active device at
a first series of x-v-z coord;nates and taklng first
»_measurc-ents whzch indxcate the relatlve amount of llght |
transferred between tne_optical flber and the active device
at each of the firet series of X-Y-Z coordinates;
- : 25 (b) ;making a first order design model approxinatien of
©the path of steepest ascent of the amount of transferred
' light_relative to selected X-Y-Z coordinates, the first

* € L M S5 %



(c) taklng second neasurenents of the anount of transferred |ight when the
~optical fiber is aligned with the 5 active device at a second . seri-es of
X-Y-<Z coordinates along the approxi mation of the path of steepest ascent ;
(d)..taking third measurenents of the anogot of transferred Ilght when the
_ optlcal fiber is aligned with the active device at ‘a third series of X.Y-Z
coordinates, thsrded deBigd ﬁ@dép%ﬁro&uﬁaézsﬁ%éiﬁ@t&%ehebﬂ%g AR08
whi ch i ncl udes t he X-Y-Z coordinate in the second-Series
¢oordi nat es at meeistiremgBtsEXi num amount of transferred i ght was neasured

LN

(e) meking a second order . conposi te desi.gn nodel - 15 ‘appr oxi mati on of- the.,_”

_approxi mate optinal (&) gﬁﬁ%mqﬁe.cqwd:@me@mamenm afhitdle aheuntyofium anount

of light is transferred, e secqnd- order osi te design. nodel :
appr O)g(l mat i on %Jaﬁ’&fﬁﬁsﬁ ghgtftné” em rtﬁ‘enBBEElgg)ﬁe?ﬂl%er Gﬁ)gl%m%gﬂft&ltpﬁ

e e 5 ¢ RS2 Ge s 20 ook P A PBEL B %fe?{‘éf o Ragt st R3pndt oo

near - t he appro&&Fpg PokimE i tPg?X . (g) selecting
as the optinmum a ? nt of - 1 e op?ﬁca ber . to he acflgﬂgdeV|ce an X-Y-Z

coordi nat e fromthe (- {;quﬁ aﬁrﬁdea,egguxeﬁ’egtgqg (ﬁh@ahﬁguﬁg &ich the

- maxi num amount of transferied |'ight was measured. . 31 8. ~A nethod-.as in
~-Cl ai m 7 wher ei rtriahsféirred hrqim wihen ghenopeicab fibamidsi alugxied hei t3t e&hpest
~ path ascent is calculated using the follow nhg equation: b0 + b1X1l +.

b2Y1l + b3z1; active dev1ce at a third series of X-Y-Z coordinates, the

_io_ rthird serxes of X—Y-Z coordinates being in a region which : -’

__1nc1udes the X-Y-Z coordinate in- the second series of x-v—z e
coordinates at which-the max imum amount of transferred light
'was measured. . "_ _ | |

. ' (e) making a second order composxte design nodel _

15 _”approximaticn of the approximate optlmal alignment x-v-z o
coordinate at. which the maximum amount of light is o
_transferred the second order composzte deszgn model -
approximation beinq based on the third measurements._

(£) taking fourth measurements of the amount of
20 . transferred~light when the optical fiber is aligned with the -
 active device at a fourth series of X-Y-2 coordinates near
the apprcximate optimal alignment x-y-z coordinate. and, |

i (g) selecting as the optimum alignment of the optical
fiber to the active device an x-y-z coordinate from the |

25 fourth series of x-v-z coordinates at which the maximum .

'_-amount of transferred light was. measured._.

A
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5 where Po is proportional to the ampunt of transferred light, X1 is
proportional to the X coordinate, -Y1 is proportional to the Y coordi nate,
Z1 i%s pr-oportional to the Z coordinate \and b0, bl, b2 and b3 are -

coefficients. 10

9. Anmethod as in daim7 wherein the second o

conpdsite desi gngrrbdgl nePREQXasBih Qﬂhﬂ‘ H‘"%m%@g&ﬂxtﬁat £ipat| elf)ll i gn

X-Y toordinate is calculated using

b2YEAF b3Z3 deshyh(¥daal dp&&é:?ﬁa&h)on’f &Z%ﬁéiketebé?;ﬁiﬂﬁ lddoertheise Po is

proportional to the amount of transferred light, Xl i's proportional to t he

| om ng equation: Po =

- X coor di nat eal¥tilatedroping ithelfolllowing ¥quatidhwnate, Z1 is proporti
to the Z coordinate and bQ, bl, b2, b3, b12 -b13, b23- and b123 are
coeffi-cients. . Po = b0 + blXl + b2Y1 + b3Z1;

S

10

. 15

where Po is propor‘t:._ona]_.- to the amouht' of transferred light,

X1 is proportional to the X coordinate, Y1 is proportional

to the Y COQrdinate, 21 is proportiohal to the Z coordinate

and bo, bl, b2 and b3 are coefficients.

9. A method as in Claim 7 wherein the second order
composite desiqn'model approximation of the approximate

optimal'alignment X-Y coordinate is calculated using

‘the following equation;

Po = bO + blX1l + b2Yl + b3Z3 + b12(X1Y1) + bl3(X1Zl)

+ b23(Y121) + b123X1Y1Z1;
where Po is proport1ona1 to the amount of t.ransferred lz.ght
x1 1s proportlonal to the X coordmate, Yl is proportmnal

'to the ¥ coordmate, 21 is proportional to the-~_z coordinate

and b0, bl, b2, b3, bl2, bl3, b23 and bl23 are

- poéfficients._

. * c L M s *
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