WD 2007/ 111735 PCT/ US2006/ 061972 M CROSCOPE W TH LED | LLUM NATI ON SOURCE
FI ELD OF THE | NVENTI ON The invention relates to m croscope inagi ng systens,
and nore particularly, to systens for displaying magnified i mges of

stai ned spegh¥ERa117RACKGROUND Cytol ogy is the branch of, hiql l'ing
with the study of the formation, structure, and functigﬁgt ZggﬁfgiﬁAs

applied in a laboratory setting, cytologists, cytotechnologists, and ot her
medi cal professionals nake nedi cal diagnoses of a patient's condition based

on visual exam nation Qqf I i ' . A typica
cytol ogi cal technique Ml@@?ﬁmﬁmﬁﬁiﬁﬁﬁmﬁﬁﬂ are scraped from
a wonman's cervix and analyzed in order to detect the presence of abnormal

cells, a precursor to the onsqﬁEBBCﬁeﬁﬁigﬁhaﬁﬁaﬁer. Cyt ol ogi cal techni ques
s an I 'seas

are also used to detect abnormal cel e in other parts of the

human body. Cytol ggi ﬁaéntibﬁ&%%ﬁ%&;ﬁiwﬁﬁgﬁm BSHorp ARG, o) | ection of

cell sanples for analysis 1s genera nvasi ve t adi t'i onal

surgi cal pat hglggl ﬁ@his@mf%ﬁr%gnﬁﬁd%&@s ofRRinkl QREhRR,. Whereby a tissue
specinen is excised fromthe patient using specialized biopsy needles

havi ng spring | oaded transl atable stylets, fixed cannul ae, and the |ike.
Cell sanples may be obtai ned fromgAekgrousnt by a variety of techniques
i ncluding, for exanple, by scraping or swabbing an area, or by using a
needl e to aspir at €yhogy isfthebraisch of biolog} fealigheist the avdyt of theltbaddex,, spi nal

canal, or other appropriate area. The cell sanples are often placed in
sol ution and smbsegné fidrctiorcaflcklisc Aegbpladin b labnsfoey seathgf @tadogiftsass sl i de for
vi ewi ng under magnification. Fixative and staining solutions are typically
appl i ed to thetotechbidlegists artdyehey nadisal profelsionatsfmakn medicdl dthgroseedfla pstivgy , f or
facilitating exam nation and for preserving the specinmen for archival
pur poses. -1 o@ifQORsaIh73H2lRCIMINSRD 064 PBAIGER of the patient's cells. A typical

cytological technique is a "Pap smear” test, in which cells are scraped from a woman's

cervix and analyzed in order to detect the presence of abnormal cells, a precursor to the

onset of cervical cancer. Cytological techniques are also used to detect abnormal cells and

disease in other parts of the human body.

Cytological techniques are widely employed because collection of cell samples for

analysis is generally less invasive than traditional surgical pathological procedures such

as biopsies, whereby a tissue specimen is excised from the patient using specialized

biopsy needles having spring loaded translatable stylets, fixed cannulae, and the like. Cell

samples may be obtained from the patient by a variety of techniques including, for

example, by scraping or swabbing an area, or by using a needle to aspirate body fluids

from the chest cavity, bladder, spinal canal, or other appropriate area. The cell samples

are often placed in solution and subsequently collected and transferred to a glass slide for

viewing under magnification. Fixative and staining solutions are typically applied to the

cells on the glass slide, often called a cell smear, for facilitating examination and for

preserving the specimen for archival purposes.



A traditional multicolored stain is desirable for staining cell smears for
certain cytological analyses. It is advantageous to stain the nucl eus and
the cytoplasmof the specinmen with different colors, so that the nuclear
materi al aRgdoGyhAphgsm c material can be readily disti !i;%lllh]%%gm&%bher
visually or %y aut onat ed i magi ng equi pnent. In one staining practi‘ce, the
cytoplasmis transparent, whereas the nucleus is transparent to opaque.
This staining pattern allows the cytologist to distinguish cells which are
nor phol ogi cal | y aQnornal .indi cated,. f.or e le,. .b ucl ear. material which
is excessively Ig‘? faditighal myticgigreg Staig 1%%‘3?163?’%%‘?15?%’86‘%{%1 SR SF6H sts find
the variety q r J L5 t.ains, ticularly. the

Papani col aou C&%Ogegk,gl a}il%l?{)ef qu Q? %Jaﬁtggéﬁ{égetgg@él t@ rgfl&rlls agﬁg{e 4 %)pfgls% 0%?’%1gnosi S.
Tradi ti onal Ssé:iirﬂél’ lthl’l‘ﬁﬁ i o} & 1hd lﬂ' k . td' .diffieult for an
aut omat ed syétem to ana#glhztg. Oﬁf%etvaa?l?e{t@&o?&g% o?tis&tﬂs écq%%%%‘g Asm from

traditional skalaty alsitheddfifr ShaaINbS RINRLA ihelind BRIIIRN BYE 1O

di stinguish, are not readily analyzed with auto I'magl ng systens

because they ot padict, %e‘é?fo?fiaﬁﬂiSQQQJp%ﬁ, Whdrdhs iRGuLERH frdn@RRnt 0Pl UE
hemat oxyl in stain of the nucleus. The varying contrast nakes autonated

analysi s di prLcﬁ.M.' This M&@n@ﬁ%m&p@ﬂh@&h&@@@It@/disﬁﬁag@m kIl RBicRa®i NCe i ts
i ntroduction, the origina Papani col aou stain has undergone nany

nodi i cat i onsmorfhdldgAlly dbnoink@indik@sd, f5rRRGMM, By nakdr maBHIAB@hegy vary wi dely
based on the preferences of each |aboratory. Wile standardization of a

Papani col aou-dxtdseivedy Rtge ahdisr dagkein clo0 psdiciod, @ytolvRisty fiyié the aridtheff®losas been
little incentive for |aboratories to do so. This variability affects current
i magi ng techhotragioes st qlartivalyrly thp @drtanioelamrrsais hdpfutiesedacd dyentrdieamiuse of
probl ens inherent with a conventional Pap smear preparation, or because of
poor st ai ni ngotidatagpssduces nucl ear- cytoplasmc contrast that is inadequate
for inmage acquisition and analysis. A nunber of researchers have devel oped
algorithns in an Atadigiopl steis,ardwling theRapamwlaed stainadry difficuls foree bitgmaedii ned wi t h
the multicol ored Papanicol aou stain. Such -2 '

system to analyze. The variety of colors in the cytoplasm from traditional stains, which

are straightforward for the human eye to distinguish, are not readily analyzed with

automated imaging systems because they contrast to varying degrees with the traditional

blue hematoxylin stain of the nucleus. The varying contrast makes automated analysis

difficult.

During the approximately seventy years since its introduction, the original

Papanicolaou stain has undergone many modifications. Currently, the dyes, reagents, and

methodology vary widely based on the preferences of each laboratory. While

standardization of a Papanicolaou-like stain has been proposed for many years, there has

been little incentive for laboratories to do so. This variability affects current imaging

technologies which may reject numerous slides either because of problems inherent with

a conventional Pap smear preparation, or because of poor staining that produces nuclear-

cytoplasmic contrast that is inadequate for image acquisition and analysis.

A number of researchers have developed algorithms in an attempt to attain

automated analysis of cells stained with the multicolored Papanicolaou stain. Such



WO 2007/ 111735 PCT/ US2006/ 061972 techni ques involve the use of various
instrunmental artifacts, such as different colors of light, filters, and
color television caneras. Many require a high level of sophistication that
is costly iwol®BémG135 hardware and software. Furthernor ePCTt/llfS%J@()Fﬁﬁf stain
chosen may depend on the type of cells under exam nation, as we as the
specific abnormality or disease to be diagnosed. For this reason, various
stains may be used in various |aboratory settings. Conventional nachine
vision illum patton igx%i'vre ﬁé BoBvdrdl¥ iﬁitiukn%ht‘rﬁ%}’fac‘?{, %ﬁﬂ%ﬁﬁ%reﬁ&%fo&e&f such as

t ungst en- hal ogen,” sodi um a'lllge, or xenon [anps. ese sSources convert a

smal | percentﬁ%@, f@tfm,ta!aﬁifc&o,i t@1@4r|§io§&%9a¥. M%y?écﬁ?é’?ﬂ%ﬂ l%vielgﬁ?tsophéﬁ ﬂgr?ihgtgl Y,

efficiency drops significantly 1n a cyt pplrcation t requires a

narrow band | jsghdily $PUMEES hardWite 8/ dottwalehese devi ces generate a significant
anount of heat, require filters for obtaining correct wavel engths, and are

rel atively |arge. rahdMAGRY, th¥typébr staMsbEEh Gy A8hchdB @Y Bfe b detif¥at 1 ON i s

provided, which allows for color balancing and intensity adjustment. The
col or and i nt gamidaloDhs WélPas!thedPbcifcadbniithaliiol @bk th 8 Giagdbdd FosmRf the
system such as the type(s) of stains used, the type(s) of cells in the
sanpl e, and t RésontWAG(sSing mad BOXNIR vatibRIddi@nsamgt.0 be detected,
facilitating diagnosis by a hunman cytologist or an imagi ng system In
accordance with or@nestiog nedtine visidihigidation sourdes wic v effibiemlydgiaditdnd Speci men

includes illumnating the biological specinen with a |ight source having
| i ght em tti ngurceli sudless tingkios-halagenasodivoh-lialidea opdensralampsy Thdse swurapsieonseat or
groupi ngs, and generating a magnified image of the illum nated biol ogi cal

speci men. To w#imdllgereentags of Heirlinpyhénergy tr treqdbandHight. ABeordiegly, ctffepnéysdopsED di es
di sposed on a single substrate to forma conpact LED nodule. The nethod may
further conpr sigficseilcinnicriglogicaleapplicaidoncthet reguires ingirow bufd lighightrce.eni tt ed by t he
i ght source, e.g., a color balance or a light intensity. The desired |ight
charact eri st i Eymeglly.ilese deviges gegapis asigdificant peaymbefdsat; wawrerflierdpr qbiining or
aut omat ed i nput. )
correct wavelengths, and are relatively large.
SUMMARY OF THE INVENTION
An improved illumination is provided, which allows for color balancing and
intensity adjustment. The color and intensity of the light can be tailored to conditions of
the system, such as the type(s) of stains used, the type(s) of cells in the sample, and the
type(s) of abnormalities/diseases to be detected, facilitating diagnosis by a human
cytologist or an imaging system.
In accordance with one embodiment, a method for viewing a biological specimen
includes illuminating the biological specimen with a light source having light emitting
diodes (LEDs) arranged in a plurality of unique color groupings, and generating a
magnified image of the illuminated biological specimen. To miniaturize the light source,
the LEDs may comprise LED dies disposed on a single substrate to form a compact LED
module. The method may further comprise selecting a desired characteristic of light

emitted by the light source, e.g., a color balance or a light intensity. The desired light

characteristic may be, e.g., selected in response to a manual input or automated input.



-3 WD 2007/ 111735 PCT/ US2006/ 061972 Sel ection of desired |ight
characteristic may be based on a viewing condition, e.g., a type of stain
used on a biol ogical specinmen. For exanple, the |light characteristic can be

custom zed w@260ha£05 differently stained parts of the lgbgh@gjog,@dwﬁpem men.
The nethod may further conprise generating a plurality of drive signals,

each of which has a characteristic based on the selected |ight
characteristic. For exanple, the drive signal characteristic may be an

anpl i tude or oS¢ dé%r?&ohght Iﬂﬁcgﬁgt{l%y %ﬁlﬁsﬁ& b d v1e\fv{d% L&ﬁ{noﬁ%{? t?%ys uppl yi ng

the plurality of LED col or” groupings w't e respective of drive
signal s, whergidinll&th abispRs {pe&imeR  Fdr Q;?axﬂp@h@ﬂlg}%h%&é%ﬂh@&% bl €

|ndependently controlled to effect the desired ITght characteristic. In one

enbodi ment,  {@shiz&fkoldisedth difRfeBilBdtdin@Ppa oftitRDidiERaf Yebiner OUPI Ngs are
conput ed based on the selected 1light characteristic, so that the

characteristics ofhd fi@hsl masefutihed Bthysiis€ éhefaingte |G ity f&ﬁﬂhvelbfgnﬂ@%ﬁﬁhdﬁnce with
anot her enbodi nent, a system for view ng a biological specinen includes a

m croscope COﬂﬁﬂQﬂﬁedmhmmngkﬁ@kﬂbhﬂgsammﬁgﬂmf&ﬁﬁmmﬂﬁQERﬂkxﬁﬂﬂeﬂblolOglca
speci men, and a light source configured for illumnating the biol ogical

speci nen. Thdlrive gptal gaticeastitasy bERS araplinade gedpilse veidthl Thamethyd miy aitli que col or
groupings, e.g., red, blue, and green. Again, to mniaturize the |ight
source, the LUEDer cenprisospplysg thelphbaldy efSLED sybogedipings witlstha glspectebst rate to
forma conpact LED nodule. The system may further conprises an input device
confi gured f alureldgy ef drivagighals, wherainilight intensiies efghe BED ddei graginghacact eri sti ¢ of
light emtted by the Iight source, e.g., a color balance or a |ight

i ntensity. THedependertlygentratled We?ﬁfeCtéhegieS"eBélgla charegteristip Un oakesmbwdinsohf i gur ed f or
sel ecting the desired |ight characterlstlc The system may optionally
conprise a p r‘iﬁﬁ@é élsht H&t@fﬁftiegafrtbﬂLEl? BRlOTCREHPINES 1 cqw@é@wﬁ ©d thejsglpgted
characteristic on a viewi ng condition, such as .a type of stain

used on the Highl "cl)"‘@‘ia%‘%'FS“% pe étlah’é‘ﬁ Cha’ﬁ‘i@“&%ﬁ% plohs Frxg stentle FRarOe deiREiTde cont r ol
O oo R P B Sy BE Dol O ©UP ns

specimen includes a microscope configured for generating a magnified image of the

biological specimen, and a light source configured for illuminating the biological

specimen. The light source has LEDs arranged in a plurality of unique color groupings,

e.g., red, blue, and green. Again, to miniaturize the light source, the LEDs may comprise

LED dies disposed on a single substrate to form a compact LED module. The system

may further comprises an input device configured for receiving information to effect a

desired characteristic of light emitted by the light source, e.g., a color balance or a light

intensity. The input device may, e.g., be a user input device configured for selecting the

desired light characteristic. The system may optionally comprise a processor configured

for computing the desired light characteristic, e.g., based on a viewing condition, such as

a type of stain used on the biological specimen.

The system may further comprise control circuitry configured for supplying the
plurality of LED color groupings with a respective plurality of drive signals, each of

which has a characteristic (e.g., amplitude or pulse width) based on the information



whi ch has a characteristic (e.g., anplitude or pulse wi dth) based on the
information -4 WO 2007/111735 PCT/ US2006/ 061972 received by the input
device, wherein light intensities of the LED col or groupings are

i ndependent Wy 0Bkl ed to effect the desired |ight chagagi®bdsiiosz | f the
characteristic of the drive signal is a pulse width, the control circuitry

may optionally conprise a pulse wdth nodul ation controller configured for
generating pul se width nodul ated control signals, and drive circuitry

configured fof.SUpRY ¥dRpuR bR, Whelil s Hin@liQchs Hel1 ¥ &ikg@a}u@n dd t he
respective plurality of LED col or groupings In response to h% control

signals. In agagrARRtEcorbibdXStiiRNat 8&lredTEROM:ABBstic AIMRIAQdcERtic Yt ewi ng a
bi ol ogi cal specinmen includes illum nating the biological specinmen with a

l'i ght source awiiVGidas a puld\WHidAEME EfroNGredriBe bjticasly dPapAsaf pulshe _
il lum nated bi ol ogi cal specinmen. The LEDs nay optionally be arranged in a

plurality of whitiieduldion Condolkt Roilgred A @brdratih@pultenbiathtiiddaRtet Bentrol | ght
source, the LEDs may conprise LED dies disposed on a single substrate to
forma conpasignalsEindrabidetiecuitriivenfigatdddat sopptyifigpulde evidtt arvpilatsedibengailcal | y
selecting a desired characteristic of light emtted by the |ight source,
e.g., a col or toghd mspeetive pluzality gfitED coloe goupiygs in fesgonskets itheadntrdl gighals.
characteristic may be, e.g., selected in response to a nmanual input or
aut omat ed i nput . Sekesorderng with ydeanpthereembpdjhentchmethest fer viswing a hinloglsel based on a
viewing condition, ewg. ,.a type of stain used on biol ogical specinen. For
exanpl e, the bregimen inghigesabureiptgithe bicdogiqgbspecimemyvity e Helt sowktedewing LBPS.f er ent | y
stai ned parts of the biological specinmen. The nethod may further conprise
gener ati ng ond&dgengiging 2pragsificdingenoftbriillpainatgd biglopigd specipeay dhe BBRhmaY whi ch
has a pul se width based on the desired |ight characteristic, and supplying
the pluralityoRsondliyss afpresd InAePlyalEY of uifve S0l grawings. o BritriRiainatwge 8ei ve
signal s, wher f:i nli ghtﬁl i Eéensi ties, OLEQH% E‘EDS are controlled to effect the
desired Iight "8RAMEcRELFEDE MaY Cqmprish DUFRMETHOn asHBlesHRS B {0FB 3 pul se
wi dt h nodul ated dr i si gnal o rises a plurality of pulse w.dth
modul at ed dr i GaPRPER odli The mehol ol B PPt siyparaly Selectin & acsine

characteristic of light emitted by the light source, e.g., a color balance or a light intensity.

The desired light characteristic may be, e.g., selected in response to a manual input or

automated input. Selection of desired light characteristic may be based on a viewing

condition, e.g., a type of stain used on biological specimen. For example, the light

characteristic can be customized to discern differently stained parts of the biological

specimen.

The method may further comprise generating one or more pulse width modulated

drive signals, each of which has a pulse width based on the desired light characteristic,

and supplying the plurality of LEDs with the one or more pulse width modulated drive

signals, wherein light intensities of the LEDs are controlled to effect the desired light

characteristic. In one embodiment, the one or more pulse width modulated drive signals

comprises a plurality of pulse width modulated drive signals that are respectively supplied

to the plurality of LEDs, so that the light intensities of the LEDs can be independently

controlled to effect the desired light characteristic. If the LEDs are arranged into a



to the plurality of LEDs, so that the light intensities of the LEDs can be

i ndependently controlled to effect the desired light characteristic. If the
LEDs are arranged into a -5 WO 2007/111735 PCT/US2006/ 061972 plurality of
uni que col olyoRo@PMRIAYS, the plurality of pulse w dth nodsgd@teehsikiose Signals
can be respectively supplied to the plurality of LED color groupings, so
that the light intensities of the LED col or groupi ngs can be independently
controlled to effect the desired |ight characteristic. In one enbodi nent,

the pulse wi d{;l{?rafl?rofﬁrﬁ&htcgf& Suthdl! e plmaﬁgr gg@&- @umr}ﬁddufa&dﬁﬁwgnqﬂ based on

the sel ected characterrstic. In acc nce wth yet another
embodi nent, aca‘ﬁ%@"r&ﬁ@cﬁ@éiy éUpﬁle@@th@le‘a‘mnglﬁﬁlcolo?%%lﬁ@nso'tﬁ‘ﬁ kHadgRe @
m croscope configured for generating a nmagnif i mage of the "biol ogical

speci nen, andm&nilh@f&)‘ﬂh%QEU&I&%féﬁlﬁgérc&dbélﬁdepbﬂdleMWd@ﬁttrdllé@tdéﬂ%ctbh@' ogi cal
speci men. The light source has L arranged in a plurality of unique color

groupi ngs,  eddired lightkhafattelstic AMcthng EABUmAG Ahehulsk idth Rr ddcpuBewldae |1 ght
source, the LEDs may conprise LED dies disposed on a single substrate to

form a conpacinodifdsighal ieconfpuedbyst emthe kelédidddightahampdterises. an i nput devi ce
configured for dynamcally receiving information to effect a desired
characteristic of Ihbaghtdarerwitheek aoythérkrmbbdigbit, asysteo dor viewdng a ldologitadbr bal ance
or a light intensity, The input device may, e.g., be a user input device
configured fospegimkririudg 2 ntibesadpsionéighreéd fghgencrhtmgaronanifed intage dfibe syst em may
optional Iy conprise a processor configured for conputing the desired |ight
char act eri st i biologicy specirepneandadight spirenonfgurebitiilltingatingsthebolagicdl t ype of stain
used on the biological : Eem men. The system conprises control circuitry
confi gured fofPeaimsp| Therdight squrcphasd&iDs eyyanged m@malw eﬁvnme cQpr HPPELHr i ve
signals, each of which has a characteristic mplitude or pul se
wi dth) based B& EAd! qen?rtsiraﬁeém BRI BinALY1Zp thet lﬁ@ SPwa%fhe&@\HS@@y CRERISI n | i ght
intensities OL p rec | 1 ed oeffect tlﬂ) sired |i
characteristi b 1 ‘ﬁ%"se g?PesHE tral"ﬁ% é °6‘Ppaﬁblr @% Wecﬂ’sﬁg%dul at ed
drive signals.conprises a . ag]fy ed .drjve signals
Chat Car e°r esplefirRmy E Sy Prddeits Dnaisefirab gl Redth ik ifbaidi b

effect a desired characteristic of light emitted by the light source, e.g., a color balance or a

light intensity. The input device may, e.g., be a user input device configured for selecting

the desired light characteristic. The system may optionally comprise a processor

configured for computing the desired light characteristic, e.g., based on a viewing

condition, such as a type of stain used on the biological specimen,

The system comprises control circuitry configured for supplying the plurality of

LEDs with one or more drive signals, each of which has a characteristic (e.g., amplitude

or pulse width) based on the information received by the input device, wherein light

intensities of the LEDs are controlled to effect the desired light characteristic. In one

embodiment, the one or more pulse width modulated drive signals comprises a plurality

of pulse width modulated drive signals that are respectively supplied to the plurality of

LEDs, so that the light intensities of the LEDs can be independently controlled to effect

the desired light characteristic. If the LEDs are arranged into a plurality of unique color

groupings, the plurality of pulse width modulated drive signals can be respectively

-6-



LEDs, so that the light intensities of the LEDs can be independently
controlled to effect the desired |ight characteristic. If the LEDs are
arranged into a plurality of unique color groupings, the plurality of pulse

w dt h nodul @igedodinie signal s can be respectively -6 WO Z&0ud2dd6héPs:
PCT/ US2006/ 061972 supplied to the plurality of LED col or groupings, so that

the light intensities of the LED color groupings can be independently
controlled to effect the desired light characteristic. In one enbodi nent,

the control cifGuiqhs he PRYa1BPIFT BHAolof gﬁ)gl?mési so&th t@ﬁ%ﬁtﬁnt@ﬁsﬂ%@ ofRdiEgti on

controller configured tor dgenerating pulse wdth | at ed control signals,

and drive ci rgriokdpm@idah B {REheh®intly BURRbNddNG e fRldt RE dMrEl BpniRdpcREGH, drive
signals to the respective plurality of LED col or groupings in response to

the control singmabﬁbodﬂ&%&&&%hﬁﬁi@n%ﬁﬁﬁl@%ﬂ&wp{ﬁEeewﬂﬂxawi ngs

illustrate the design and utility of enbodinments of the present invention,
i n which sinm madulftbe seroHerabhfigueld & Rabriting BylscowidinoduRicdconmsignaner al s, and
in which: FIG | is a side view of a mcroscope constructed in accordance

wi th one enbadidmgatircufity@onfure for sippdyihg ptilewidth nobidatad divesipagetoahe FI G 1;
FIGS. 3A-3C are plan views of exenplary light emtting di ode (LED) nodul es
used as the i tekpentiveaplurdity sfdlBIx evlorigrdupmgdin caspasofpeheafonfrdlGigndls. FIG 4 is a

bl ock di agram of control circuitry used to control the LED nodule of FIG
3A; FIG 5 is a flow chart BRIBEIBESGRIPAGNOE THEORAWINGS control | i ng t he
characteristics of Ilight emtted by the illum nation source of the

m croscope of FI GThe dragngs Rlugrateéthe design khdwiilishefrembpdimenss ofthd presenine net hod f or
controlling the characteristics of light emtted by the illum nation source

of the m crostypdionfin mhich similargements @ refesaRp P Fa@NR@Frefprgmcs nUMISTRAKED
EMBODI MENTS

in which:

FIG. 1 is a side view of a microscope constructed in accordance with one
embodiment;

FIG. 2 is a front view of the microscope of FIG. 1;

FIGS. 3A-3C are plan views of exemplary light emitting diode (LED) modules
used as the illumination source in the microscope of FIG. 1;

FIG. 4 is a block diagram of control circuitry used to control the LED module of
FIG. 3A;

FIG. 5 is a flow chart illustrating one method for controlling the characteristics of
light emitted by the illumination source of the microscope of FIG. 1; and

FIG. 6 is a flow chart illustrating one method for controlling the characteristics of

light emitted by the illumination source of the microscope of FIG. 1.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Referring to FIGS. 1 and 2, a microscope 10 constructed in accordance with one
embodiment of the invention will now be described. The microscope 10 includes a stage
12 for mounting a specimen, and a light source 14 for illuminating the specimen. As will

be described in further detail below, the color balance and intensity of the light emitted by



Referring to FIGS. 1 and 2, a m croscope 10 constructed in accordance with
one enbodi nent of the invention will now be described. The m croscope 10
includes a stage 12 for nounting a specinen, and a |light source 14 for

i ITum nati ngolae5p88i men. As will be described in furtdqefudeisdklorPe! ow,
the col or balance and intensity of the light emtted by -7 WD 2007/111735

PCT/ US2006/ 061972 the light source 14 can be adjusted. To this end, the
m croscope 10 further includes control circuitry 16 for adjusting the color

bal ance and i g ﬁ%}g's(;tbfceol& chi6 £flkfoh O his3hd, hemsms [(pﬁlﬁﬂcf}?nc#%egurt her

i ncludes pluralli objectiv enses 18 or ylng recei ved

fromthe specigxgf cireuirplimoaadjmngfhhe@loﬂmg@e aqﬁ m&éaﬁtﬁmeﬁﬁ@ed 1hd @@ ocul ar
| ens 20 used to observe the magnified imge formed by the objective Iens 18.

The m cr oscopgictddcdpdn b ARiher indides FisraBtyCP bbjéle RAhRE | ORr 2lgdifinglRRE1 Vi Ng an
input. Al though the control station 22 is illustrated as a stand-al one

control st ati @beivdd i®mcEdpecinen ot faim DMaghdicd dfade®f thePpeeiM! £d ah Boudarnunber of
ways. For exanple, the control station 22 could be built into the sane
struct ure t halencHruseds obdeevesticamnilidd ichdgg Flrmsdhyr theoblettivatank 1senses 18, 20.
While the |light source control circuitry 16 is shown in the illustrated
enbodi nent as beiThg migmesoopedOdtradr incitdes thentobnition 22 $dragcewing 22 jnput. can

| i kewi se be incorporated into the sanme structure that carries the stage 12,
| i ght source AHhouginthe kemrobsgatibg 22 K0llusiratedase sentbeldngrmtrol statien, dlervontodl st at i on
22 receives a manual input froma user. In this case, the control station
22 may i ncl ud#atipa? eprticamplemenied inapumbat el veyss Forgwwhplaghe donodistatiefi 22 s,
buttons, keyboard, mpuse, or the like. The control station 22 coul d be

i npl ement ed i fPuld t@&%&}t“é rtheéﬁm@)ﬂtﬂlé?“rq}bfé cargigsr thesttageil driighbiodree ddiland fepses ude a

gr aphi cal user interface (GQUI) for interfacing with a user, The user input
may specify altié%i Wade @6?‘%‘!" SO‘B@I CREQL CERET Moribthepp i the Hlusiptedismbadimentt he | i ght
source control cjrcuitr usts. the |.or al.ance and |nten5|ty of the
li ght source ¥4°18 Wﬁpe%t% g%é?nt@b%%lwﬁgdt @l Q wiserRg InGOPRORRRditg theey  t he

For exanpl e FAE YL B Sr A SREu b B THd ‘SBLBTRB® She type of cel1s in

the In one embodiment, the control station 22 receives a manual input from a user. In
this case, the control station 22 may include appropriate user input devices, such as
knobs, dials, buttons, keyboard, mouse, or the like. The control station 22 could be
implemented in a computer or other user workstation, and could include a graphical user
interface (GUI) for interfacing with a user. The user input may specify a desired color
balance and intensity, in which case, the light source control circuitry 16 adjusts the color
balance and intensity of the light source 14 to match the user-specified color and
intensity. Or the user input may specify one or more specimen viewing conditions, such
as, for example, the type of stain(s) used on the specimen, the type of cells in the
specimen, the type of abnormalities/diseases to be detected, the ambient conditions in the
laboratory, and the like. In this case, the light source control circuitry 16 computes a
desired color balance and light intensity based on the viewing conditions (e.g., by

referring to a look-up table), and adjusts the color balance and intensity of the light source

14 to match the computed color balance and intensity. Alternatively, the specimen
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speci nen, the type of abnormalities/di seases to be detected, the amnbient
conditions in the |aboratory, and the like. In this case, the light source
control circuitry 16 conputes a desired color balance and light intensity

based on thgowoeningsconditions (e.g., by referring to @ieRkmkgiobRAD! €),
and adjusts the color balance and intensity of the Iight source 14 to match

the conputed col or balance and intensity. Alternatively, the specinen -8 WO
2007/ 111735 PCT/ US2006/ 061972 viewi ng conditions may be automatically

i nputted. Forvig\%iﬁgp rﬁlt1ohma}p%{omatu§ﬁl?§dtp%d21?0 &gl?{plp(%hee&mr&@&gom} h a bar

code reader or ot reader” configured to read ormation printed on a

slide carryi ngaf Reeqbiphedl WA L5k coﬁeeéauér%nmhfafb@admeaﬁaked% ?étaﬁ Rfordgidiey al so be
equi pped with a sensor configured to nmeasure the anbient |ighting of the

room However phdi onARUde daftyinp the COI0IoERA] sBdcalidnO Theontr6! stafiph SRy A6 bet he col or
bal ance and 1intensity of the light emtted by the |ight source 14 will be

dynam cal | y aetjuigptdelitii Dsengair odtifigered pihdasure st embiag lightidiof iersort.or t he

speci men. For exanple, if a cytological specinmen is provided, a cytologist
may wi sh to vi ew dosenpltie ibfunto thoontidemtil 22ds sidénmackd, theicdl@ibalance and
green-stained cytoplasm In this case, the col or balance may be adjusted to
i ncrease t he mmositytof G lighteenttadiby ltite. lighdspurs¢ 14gilltbh dymaalicatly bdhawiae t husly woul d
mnimze the contrast between the cytoplasm and the background, allow ng

t he cyt ol ogi sprovide émsimuer viewipgeenditiensfocthespeci®emi Faekample, Ha ciytotogivgli t y of t he

| i ght source nmay be adjusted to allow visualization of the structure wthin
darkly st ai negpegimen isiprovisied. g cytolagishmey wish toawiry aitample thay inslwdesiuegttained| | s. The
nature of the information and manner of input will dictate how the |ight
sour ce cont r ofueld inggeprsipingd cyteplysip|le fisitpssdthe prlor halapgenay beiadjurebBs, butt ons,
or dials are , used, the control |rc itry 16 may include one or nore

pot ent i onet erglcrﬁ?segieﬁg}oumé’g ét‘% Pﬁ“?%@FPOI%‘] t@WB?ﬂtEUSIW‘?‘E%mBUP‘ﬁ%t anal og
drive signals_to con used to specify a

desi red ol or T ATIRRLERED 7 @ﬁ?pqﬂsmaaﬁﬁﬁeﬁ%kgﬁow hirone cya?lp%ﬂ.t? b6 rray
include a di g{n%v?i lt}{eaﬁl{}c ei. %1m1?anly, t'flé %genglglrof ﬁl% lill\g/}%rsgdrgegln t%l adju teg ogaﬂal S
visualization of the structure within darkly stained nuclei, or within a tight and dense
grouping of cells.

The nature of the information and manner of input will dictate how the light
source control circuitry 16 is implemented. For example, if knobs, buttons, or dials are
used, the control circuitry 16 may include one or more potentiometers or other
appropriate circuit elements, which output analog drive signals to control the light source
14. If a GUI is used to specify a desired color balance and light intensity, the control
circuitry 16 may include a digital/analog converter for converting digital signals
representing the desired color balance and light intensity into analog signals to control the
light source 14. If viewing conditions are input either manually or automatically, the
control circuitry 16 may include a processor for computing a desired color balance and
light intensity based on the viewing conditions. The nature of the light source control
circuitry 16 will also depend on the nature of the light source 14 used, as described in

further detail below.



representing the desired color balance and light intensity into anal og
signals to control the 1light source 14. If viewing conditions are input
either manual ly or automatically, the control circuitry 16 may include a

processor fwWp200APiHEs Ng a desired col or bal ance and | i glgrdBdR0Gioty based
on the view ng conditions. The nature of the |ight source control <circuitry

16 will also depend on the nature of the light source 14 used, as descri bed
in further detail below -9 WO 2007/111735 PCT/ US2006/ 061972 The |i ght

source 14 advant aggoy GlaY: i odes
(LEDs) of two or nor egég?]}éég gr gﬁg?geolgﬂwﬂuhé% ﬂ%‘glr&g@hggﬁﬁﬁg g?’fj iges of the

LEDs, or at (LeB§fofth€orGRdrt 86r gYGups. @IS inhnhed the SRERItiEE? (ROLEDs, GF UPI NG, MmRY
be |ndependently controlled to adjust the color balance (i.e., tint) and

intensity of fedietht c@hRttiveimstisHRer dash LERcoldt gRduplik Gidy leRRiehdatlyOr Vi ewi ng by a
human or for imaging with a canera. In this manner, any color in the

vi si bl e or eventrolled tcidplseths paatbalinte (i.é],aint)dhmgtenmytcﬁtHell@htﬁprox@@ﬂ tde produced.
Referring now to FIGS. 3A-3C, several enbodinents of the |ight source 14

(i 1'lustrat ed Ealogdida spetidien farvibwinpdyy,a hahna br thaimapiagwith aparesiehetds as an LED
nmodule, will be described. The LED nodule 14 includes a plurality of LEDs
24 (i || ust r at mahnars aiy4iolor in2lidyyisiBlé g ¢veminvsibleaspeatmmoieincludiag white lighGSan I8A- 3C, can
be arranged in a nodule that is <circular, annular, rectangular, or sone

ot her shape, mpdicedhy be distributed within the nodule in a st agger ed,
rectilinear, annular, or other configuration. In the enbodinments illustrated
in FIGS. 3A-3C, rB@feLrE@stO BifiSp 8h-3Chicsesalegibedimentypf th¢lggh@soumrl4exarrp| e, LEDs
24r may out put red Ilq LEDs 24b may out put blue lig and LEDs 24g may
out put gr een (fusied st i Aaerd cy, Whtqhi‘ai@gsm@lpw@é e ERmBOe. Whec 1 ¢

wavelengthsth are sel ecte r stai ns  us dW|th he speci men.
Fur t her nor e, sqriged: pihe LEB "ﬁ%{‘z‘@ 141 “f dpssa plyrplify of LIRS 24 (H ugtfates as%ﬂ 3C as

Contal Nl NGty e 0 e S SHUPHTR 88 NS s Y e 0L S QURL N9 e be
circular, annular, rectangular, or some other shape, and may be distributed within the
module in a staggered, rectilinear, annular, or other configuration.

In the embodiments illustrated in FIGS. 3A-3C, the LEDs 24 output three colors
of light. For example, LEDs 24r may output red light; LEDs 24b may output blue light,
and LEDs 24g may output green light. Alternatively, the LEDs 24 dies may output
specific wavelengths that are selected for the stains used with the specimen. Furthermore,
while the LED module 14 is illustrated in FIGS. 3A-3C as containing three color
groupings, other numbers of color groupings may be used. In particular, it is
contemplated that implementations of the invention could have two color groupings, or
four or more color groupings.

The type of LEDs illustrated in FIGS. 3A-3C are preferably high-brightness
LEDs, which may be implemented in a combination of single discrete LEDs or custom
multi-chip LED modules. Under certain circumstances it is preferred that a custom multi-

chip LED module, which has a relatively small aperture, be used. For example,

conventional microscopes are often designed with a light-emitting filament that measures
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contenpl ated that inplenentations of the invention could have two col or
groupi ngs, or four or nore color groupings. The type of LEDs illustrated in
FI GS. 3A-3C are preferably high-brightness LEDs, which may be inpl enent ed
in a conbi nwbizwemnairzsi ngl e di screte LEDs or custom nmnul tpcr@iN2tvelobigrmodul es.
Under certain circunstances it is preferred that a customnulti- chip LED
nodul e, which has a relatively small aperture, be used. For exanple,
conventional mcroscopes are often designed with a light-emtting filanent

that measur esasoh@ M by Q0rh Jelsd-A 3t RETAIBRABGHPEHR oeh@PiBhindidiRRY 2 MM a

size that matches the aperture of a Koehler illum nation |l ens systemthat

recei ves | i ghdystmaima: tddev Ughtofont BE sdurR@ @ GrdigcibgindfiRblivnliseibnatheon of the
bi ol ogi cal specinen. In order to make use of |egacy systens and designs, it

i s advant agesivisgitdigpecinter. [ @ldr tsmakiease sfigdcibsstons dddaleagder isof a few
mllinmeters in dianmeter. However, other inplenentations may include |arger

| i ght sour cesadvauggsowdshat debightaburcnsed of ondhsarde tofa felDaillichater heliaase Where a
custommulti-chip LED is preferred, nultiple LED dies may be integrated on
a si ngl e subsHowgver, bhepimplimestatzpng ey axclade larggeighhdourcksy sichiagenmibidagorses can  be
pl aced above each die so that the radiation fromeach die is collected into
a narrow conefdisrte [@Bnpl e, a hexagonal pattern of |enses could be used. A
substrate, such as one wth high thermal conductivity, could be used to

hol d nul ti pl e LEDIeithesase @bergaenston muiehineb B isprefarred, multigle EEPdlievpy be used to
wire bond the dies to the substrate for electrical connections. This
arrangenent neRiNISEraiss o MEngp hbstrads to pradpgerpederse erpngeppnindiidugldensey Gy t he

| i ght source to be used with caonventional systens and techni ques. However
the LEDs 14 aPePlicipronerachdic sp it e prEted Eck SR iTlledidiRip fiFgoM 6 i s

configured to i ndependently control the color grou of the LEDs in order to
adi ust the  cEMBr T AR ARSI RATEPA] s el e L AP TR %3 FE nodul e

L POl W SOOI b ELLte
patterns on the substrate may be used to wire bond the dies to the substrate for electrical
connections. This arrangement may be on the order of millimeters in diameter to allow
the light source to be used with conventional systems and techniques.

However the LEDs 14 are implemented, the light source control circuitry 16 is
configured to independently control the color groups of the LEDs in order to adjust the
color balance and intensity of the light emitted by the module 14. In particular, the
control circuitry 16 adjusts the relative intensities for each color of LEDs. For example,
in the module 14 illustrated in FIGS. 3A, it may be computed that the red LED dies are to
operate at 25% of capacity, the green LED dies are to operate at 25% of capacity, and the
blue LED dies are to operate at 35% of capacity. The control circuitry 16 then operates to
control the LED dies at the calculated capacity. If necessary, the light source control
circuitry 16 may include a processor (not shown) for computing the intensities of the LED
groups based on the desired color balance and light intensity.

The control circuitry 16 may either provide analog drive signals or digital drive

signals to the LEDs 24. If an analog modality is used, the control circuitry 16 may output
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in the nodule 14 illustrated in FIGS. 3A, it may be conputed that the red
LED dies are to operate at 25%of capacity, the green LED dies are to
operate at 25% of capacity, and the blue LED dies are to operate at 35% of
capacity. TWwe2xemui@s circuitry 16 then operates to congadmis2bdsdelol> di es at
the cal cul ated capacity. If necessary, the light source control <circuitry
16 may include a processor (not shown) for conputing the intensities of the
LED groups based on the desired color balance and light intensity. The

control circuj {digeldhdFBYurRhi BRI toRbOMIEIE2 A5 alRPML ol bMBp fi GaRkScRfroldhdi t al
drive signals to the LEDs 24. If an analog nodality is used, the control

circuitry 16 jysi@W mMelLEDs1Tha\, (RO Qréhtdrlile/iitaddahi VB2 RRH 18@1 Médighar ! t age
and/or current level to each LED 24 or LED color group in order to control

t he intensi tnteaditytoiehe LEDSL4 of DED colr grotirecogtréit e Whilben Malogagdalanednde current

| evel , the higher the intensity of the LED 14 or LED col or group

control | ed. Wsed, e digitalbmalabyy pnoilizb & tngrecfifividneand thader vaay dif gintrallingthd IEDL y

provi des a nore efficient and cheaper way of controlling the LED nodule 14.
For exanpl e, mhéilcbhthooéxamplecthe tamyrolidrcurtry 1 @maporttpw a pulsseidti rdédularaddul at ed
square wave to each LED 14 or group of LEDs The pulse width for each LED
will be dict sauerdwaye tolsechddiDy14corgraap POLERsaEhe nuis® widsh for egphd bl widl beecessary to
effect the desired color balance and Iight intensity of the nodule 14. For
exanpl e, if rdégtatedprthp dutysyrlepfopeach LED celor greunitegprsingstogfiect thealgsiredhe red LEDs
may be supplied with a pulse width nodul ated signal having a 25% duty
cycle, the gredof belerss apglishyintansipinfithednagiler 4 5 Feup@mplevif srdrereigtnddued si gnal
having a 25% duty cycle, and the blue LEDs may be supplied with a pul se

wi dt h nodul atE@D§?I§¥%P“H¥§§P‘i‘ig‘s%i"@S%%&@P?“WB?%‘.W]FS@P’@ Aot G 4 an

cxemp!ary eroadi et ol oLt sl LN e e con ol o SHEUILEY 1R 1T be
ol a1 o0 "Wtk R0y B 0ye P I RE B FoBEBL RS SRkE L ) !
oM 2 B oceSTRg Bl ook AAFAR EORYCRL 2> Previously i scussed
Referring to FIG. 4, an exemplary embodiment of digital light source control
circuitry 16 will be described. The digital control circuitry 16 includes a pulse width
modulation (PWM) controller 26, which generates a modulated control signal in response
to inputted voltage levels. Such voltage signals can be input from a processor or digital to
analog converter, as previously discussed. In response, the different colored groups of
LEDs output light based on the signals from the PWM controller 26.
If the load requirements of the LED module 14 are within the output capacity of
the PWM controller 26, the output signals from the PWM controller 26 may be used as
drive signals to directly drive the LEDs 24. However, if the load requirements of the
LED module 14 are greater than the output capacity of the PWM controller 26, the digital
control circuitry 16 may also include additional driver circuitry 28. The additional driver
circuitry 28 may be used, for example, to amplify the output control signals of the PWM

controller 26, or to otherwise provide drive signals to the LEDs 24 based on the output

signals of the PWM controller 26.
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LEDs output |ight based on the signals fromthe PW controller 26. If the
| oad requirenents of the LED nodule 14 are within the output capacity of
the PWM controller 26, the output signals fromthe PWM controller 26 may be

used as drwoeosi@mass to directly drive the LEDs 24. Hov&yeheosiokiobhe | oad
requi renents of the LED nodule 14 are greater than the output capacity of

the PMWWM controller 26, the digital control circuitry 16 may al so include
additional driver circuitry 28. The additional driver «circuitry 28 may be

used, for exanpl e ReterifMRith ¥id. B McRidl ofQREb1Rhe BE BHRLSitRE b{h@ LEYM
controller 26, or to otherwi se provide drive signals to the LEDs 24 based on

the output sngadd B will bk Gescibl] GoMis RtHog thedfer seibds MOI&NOT boldrbiRRce
PCT/ US2006/ 061972 Referring nowto FIG 5, one nethod of controlling the

li ght enitt ed(stky 500)end &Eeiremibht iatedsdty\Wtdp SODE The desiredBght inkdhsityhting cotBt hod, t he
user selects the desired color balance (step 500) and desired |ight
intensity (steganbO@dy belblected; Sorreeainglé, ghihg phytied) sélécyiommedand @hdhras kinds ance may be
sel ected, for exanple, using physical selection nmeans such as knobs or

di al s, or nmaydihle s elag bt etbctell,dbr eapip) vy a computar wogpgraphiceisisergnterfage aphi cal
user interface (QGUJ ). Based on the desired col or bal ance and col or
intensity sel édilpdBdssd anrthe desingd cotonbalarict grhtcobp intepsitycelattedby tbe nseuiter y 16
conputes the desired intensity of the LED col or groups (step 504), and
gener at es dr i Vght sdugpagpriroheivduiigy 14 cempuiesdhedepizedjintensity é&le LHe celprdrpupside of t he
vol tage and/or current in the case of an anal og arrangenent, or duty cycle
in the case ofsten 304 agdegneraigs damBenslithpvinhaghasepogic §i.o. ke amphipde elthe nt ensi ty
for each color grouping (step 506). In response to the drive signals, the
LED nodul e 14VR1Re&R0ERF elaTent ip the cgietohar dalos agaigrant o WY cYsk lafesasdai ntensi ty

(step 508). Referring to FJ]G _6, another method of controlljng the |ight
enitted by th g'lf"l’:'ﬁfra“gﬁ'ﬂ‘iﬂt)éi‘ﬁﬁff%"ﬁ tﬁe Baryied ysnpibyfor ﬁ}écqlr?%tglpﬂi’ﬂmg%ﬁ“??st rated in

LG 0L ! TG RoblE TS B8 ) A0 o RS 1R 20,
I nput, but raghery LS kiR bndheRi§ (@dp FB) € SpPeci men view ng
Referring to FIG. 6, another method of controlling the light emitted by the LED

module 14 will be described. The method illustrated in FIG. 6 is similar to the method
illustrated in FIG. S, with the exception that the color balance and light intensity is not
selected based on a user input, but rather the input of one or more specimen viewing
conditions (step 600). As previously discussed, the viewing conditions may include, for
example, the type of cells to be imaged, the type of stain(s) used, the ambient conditions
of the room, and the like. The light source control circuitry 16 then computes the desired
color balance (step 602) and computes the desired light intensity (step 604) based on the
viewing conditions. Based on the computed color balance and color intensity, the light
source control circuitry 16 computes the relative intensity of the LED color groups (step
606), generates drive signals having a characteristic that effects the computed relative

intensity for each color grouping (step 608), and in response to the drive signals, the LED

module 14 emits light with the selected color balance and intensity (step 610).
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conditions (step 600). As previously discussed, the view ng conditions may

i nclude, for exanple, the type of cells to be inmaged, the type of stain(s)
used, the anmbient conditions of the room and the |ike. The light source
control cireibéyiidBst hen conmputes the desired col or ba@EngRodsatep, 602) and
conputes the desired light intensity (step 604) based on the view ng

condi tions. Based on the conputed col or bal ance and color intensity, the

| ight source control circuitry 16 conputes the relative intensity of the

LED col or groups (#iiRRhe f@@@%in%]@&ﬂﬂﬁi@ﬁﬁa% dWCHYR s§ SR Sth SR b Ger@ontrol
characteristic that effects the conputed relative intensity for each col or

groupi ng (st emd@R8tenicdddirbdlNit [seSROBSSCd AatlcBRLHEAMS oBis@Bh ol ahd@edible nodul e
14 emts light with the selected color balance and intensity (step 610). -13
WO 2007/ 1117 3&nfréItbti$B0 0%l 0B tanpldiitagt st @iyagQicRgateled éstlopitdlgNandas

descri bed separate nethods for user control and electronic control, it is
cont enpl at ed i et mayoatiat thatdtiings daingumadingcd terspdcirmond AglaRethdr@kdntple,cont rol coul d
be used. For exanple, default settings may be generated el ectronically, and
a user may al defaulttsbrengsatayibagdeathdrbly agisdrang khegettfigs tnfag be plearédidaetrondsallgnot her
exanple, default settings may be selected by a user, and the settings may
be altered el bwsedanieated gonditiarediriog videing of thelspecimdi.t Inadditioy whidgthei ewi ng of
the specinmen. In addition, while the nmethods described have conputed a
singl e duty cipethedsfdescribeddrergomphted EpBgla dety exstesionmgroyp ofgiEdsianbepnstandyngl e
drive signal to the LEDs, the drive signal could be altered during view ng,
based on user Pregeka singhesdrive sigeal icthe HERG Agidtivovienal yldtisekered &uringhi [ e ¢ he

m croscope has, been described as projecting an inage to a cytol ogist or

ot her hunman opéyagdyrsediop uses selesHors op etecied copiionfragni fi ed i mages of a

speci men coul d be trﬁlnsm'tte.g 0 a carreLa or ot higr i npyt device, and the

i mages coul d be ARAMPEH: WK 1B RIGHEIAPE pas RATH GICrRELASSEPIFHRE RLEES Yifewi ng by

ol ctt rontcal | 5 Rear el TBRERB - ghi SUTPPIFRLER TRSRAF PBEE Wdscr i bed above.
't enei by coutigons EReRa Pl a8 et B G afLone BRSRLGEER of (e
analyzed via a computer and/or stored for later viewing by a cytologist. In such a system,
the color balance and/or intensity could be electronically computed based not only on
those conditions described above, but on other conditions as well. For example, the color
balance and/or intensity could be adjusted in order to facilitate data compression of the
stored images, in order to facilitate analysis by a computer program, or based on the type

of imaging system used (for example, ultraviolet light could be used in conjunction with

an ultraviolet camera and film).
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stored images, in order to facilitate analysis by a conputer program or
based on the type of imaging systemused (for exanple, ultraviolet |ight
could be used in conjunction with an ultraviolet canera and film. -14 \Wat
is claimed is: 1. A nethod for view ng a biological specinen, conprising:

il lumnati the |bi ol g ical specinmen with a light source having |ight
emtting ésSCE'L % arranged in a plurality of unique col or groupings;
generating a magni fied i mage of the illum nated biol ogi cal specinen;
receiving an input to effect a desired |light characteristic of light emtted
by the 1idht sdhPedhodignNieninga biglogierispasimans 6eMpri§inda respect i ve |i ght
intensity i i ; j tLnput ;

generat i ng“ghﬁﬁﬁgltﬁ%;‘Jokfgléjériigegeﬂéé{l\gﬁ?“ g@é&@ﬁ%@%@@a‘“@ i ve signal
char act er i giodes lflafsl8) aranded in @purasty dfiugiguei qolargsotgingsir a correspondi ng one

or oupi ngs. GetRraf e S SABUREE AR brHe Maflifitel PRIBICARpRENED icrei i 1 ght
i ntensi ti eseclvitidian fpdt eoéfféct ar dsired gghtedraradiseiend eight emitteamnsyrteél ed to

effect the desired light characteristic. 2. The nethod of claim1, wherein
the LEDs cHOMrSOSESS ED di es di sposed on a single substrate. 3. The method of

claiml1, ' ' litho Bt Fﬁ@ ikt inteinsi fy;r%ra' | or
bal ance. %Sr?ﬁgﬂ?rdé{lﬁodgﬂgbf@ﬂ:&|tfn)?%,re§ ertlgiéﬂllﬁﬂllgfelgggr e F?gﬁ%h c E(j?act eristic
further conlor gegawpingsibaged onrtherirguty. 5. The nmethod of claim 1, wherein the

| nput i s dapgﬁ%ﬁhg LRIty St afil€ sITRAROSad o VAL s 2 WIRERlighd) Ne 1 nput is an
characteristic based on the computed light intensity for a corresponding one of
the LED color groupings; and
supplying the plurality of LED color groupings with the respective plurality of drive
signals, wherein light intensities of the LED color groupings are independently

controlled to effect the desired light characteristic.

2.  The method of claim 1, wherein the LEDs comprise LED dies disposed on
a single substrate.

3. The method of claim 1, wherein the desired light characteristic comprises
a color balance.

4. The method of claim 3, wherein the desired light characteristic further

comprises a light intensity.
5. The method of claim 1, wherein the input is a manual input.
6. The method of claim 1, wherein the input is an automated input.

7. The method of claim 1, wherein the input is based on a viewing condition

of the biological specimen.

8. The method of claim 7, wherein the viewing condition is a type of stain

used on the biological specimen.
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7. The nethod of claim1l1l, wherein the input is based on a view ng condition
of the biological specinen. 8 The nethod of claim?7, wherein the view ng
condition is a type of stain used on the biological specinen. - 15 9. The
met hod of claim11, wherein the drive signal characteristic is an anplitude.
10. The method of claim11, wherein the drive signal characteristic is a
pulse wdth. 11. A systemfor view ng a biological specinen, conprising:. a

m croscope conf iThe methoarof geivaraivhegein tiegmd sighalicmagstéristicheaki ol ogi cal
specinmen; a light source configured for illum nating the biological

speci nen, ?H@"ﬁﬁdﬁht source having light emtting diodes (LEDs) arranged in
a plurality of unique color groupings; an input device configured for
receiving infornation to effect a desired characteristic of light emtted
by the |ight18olheaethediotdaim dl wbereduiherdyive sighadahardctepisticispppylseg t he
plurality WI t’TED color groupings with a respective plurality of drive
signal s, eacch of which has a characteristic based on the information
received by the input device, wherein light intensities of the LED col or
gr oupi ngs ar$ i n&iepeindent |y cont bml led to effect the desired |ight
characteristit. A8y eﬁ“ﬁ@%‘é@’i@rﬁ lagical spadmef,eRBPISRGe LEDs conprise LED

the desi Fed OB e o g e e R e syt em
of claim 18pecimenein the desired |ight characteristic further
a light source configured for illuminating the biological specimen, the light source
having light emitting diodes (LEDs) arranged in a plurality of unique color
groupings;
an input device configured for receiving information to effect a desired
characteristic of light emitted by the light source; and
control circuitry configured for supplying the plurality of LED color groupings with
a respective plurality of drive signals, each of which has a characteristic based on
the information received by the input device, wherein light intensities of the LED
color groupings are independently controlled to effect the desired light

characteristic.

12. The system of claim 11, wherein the LEDs comprise LED dies disposed

on a single substrate.

13. The system of claim 11, wherein the desired light characteristic comprises

a color balance.

14. The system of claim 13, wherein the desired light characteristic further

comprises a light intensity.

15. The system of claim 11, wherein the input device comprises a user input

device configured for selecting the desired light characteristic.

16. The system of claim 11, further comprising a processor configured for

computing the desired light characteristic.
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conprises a light intensity. 15. The systemof claim 11, wherein the input
devi ce conprises a user input device configured for selecting the desired

| ight characteristic. 16. The systemof claim 11, further conprising a
processor configured for conputing the desired |ight characteristic. -16
17. The system of claim 16, wherein the processor is configured for
computing the desired |ight characteristic based on a view ng condition. 18.

The system ofi7.clBigrybiemwhelaih et mewuremdwoﬁ@gyéns &ohfigered foype of stain
used on the biological specinen. he systemof claim1l, wherein the

drive si gn&PMEHHR Eleé?qsé’?ﬁé'gh%d'@rﬁadﬁﬁﬁﬁ t{a\ﬁéﬁ ongViewRw eapsiition of claim 11,
wherein the drive signal characteristic is a pulse wdth. 21. The system of
claim 20, wherein the control circuitry includes a pulse wdth nodul ation
control | er cd®fithe systéroof gaimeridt whgrgruthecviewidglconditioh és adypecefrstaiol si gnal s.

22. The sy cl.aim rein the control circuitry further includes
drive ci r@é?%ﬁft%eohﬁo?ﬁ%iap%&eguppI ying pul se wi dth nodul ated drive
signals to the respecti ve plurality of LED color groupings in response to

t he control gnals. 23. A or .viewing a bi ol ogi cal specinen,

conpri si ng: ?1&’ W?FHQfPﬁE“B%W ST%F“%@’%W'W?WCE@’FP@ a%our ce havi ng
light em ttahﬂﬁltud@'. odes (LEDs); generating a magnified i nage of the

i I lum nated bi ol ogi cal specinen; receiving an input to effect a desired
|l ight characteristic of light emtted by the |[|ight source; conputing, by

control cir Cﬂbt "Yhe ?ysteerﬁ%?% a|r}4"311I {A/ﬂe}em ﬁ'ut ecﬂ%/' ts\fgnacf hglaacpen {IC shgphlggs
width.

21. The system of claim 20, wherein the control circuitry includes a pulse
width modulation controller configured for generating pulse width modulated

control signals.

22. The system of claim 21, wherein the control circuitry further includes drive
circuitry configured for supplying pulse width modulated drive signals to the

respective plurality of LED color groupings in response to the control signals.

23. A method for viewing a biological specimen, comprising:
illuminating the biological specimen with a light source having light emitting
diodes (LEDs);
generating a magnified image of the illuminated biological specimen;
receiving an input to effect a desired light characteristic of light emitted by the
light source;
computing, by control circuitry, a respective light intensity for each of the LEDs
based on the input;
generating one or more pulse width modulated drive signals, each of which has a
pulse width based on the computed light intensity for a corresponding one of the
LEDs; and
supplying the LEDs with the one or more pulse width modulated drive signals,
wherein light intensities of the LEDs are controlled to effect the desired light

characteristic.
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based on the input; generating one or nore pulse width nodul ated drive
signals, each of which has a pulse wdth based on the conputed |ight
intensity for a correspondi ng one of the LEDs; and supplying the LEDs with
the one or nore pulse width nodul ated drive signals, wherein |ight
intensities of the LEDs are controlled to effect the desired |ight
characteristic. -17 24. The nethod of claim 23, wherein the LEDs conprise

LED di es di sppserhe mBthaddfediv 28U hefdih the I25Ds EHMPABE DE@) @bs @ls Pbgéd?&
wherein the desired Ilght characteristic conprises a col or ance. 26. The

net hod of EN& NS SUBHEHBI n t he desired |ight characteristi c conprises a
light intensity. 27. The nmethod of claim 23, wherein the input is a manual
i nput. 28. The nmethod of claim23, wherein the input is an automated input.
29. The net hdad ofhecinathod2s cIaMne23eWh\ere1'ethmqin&ireids!igbasimiaoueriatic/i ew ng
condition Qf the biaq Ioncla speci nen. 30. The nmethod of claim29, wherein
the view n§°’88H%‘?%?88° a&”??/pe of stain wused on the biol ogical specinen.
31. The nethod of claim 23, wherein the one or nore pul se w dth nodul at ed
drive signals conprises a pluralit pul se wi dt h nodul ated drive signals

that are reg%e&neu@pghogﬁ%iame@w Fain BREHSSIIOB! PRATHGIGTSth, | nCens ! L1 eo

of the LEDg Jalrf=tetciarel y controlled to effect the desired |ight
characteri s?'ﬁ@ﬁs%é @He mﬂatglttod of claim 23, wherein the LEDs are arranged

into a pl urallty of unique col or groupl ngs, and the one or nore pulse width

rmdul at -Ed dr h'lj'}egrgghxoldeogﬁg elv«gperenn |tHea'ln'prtyls am nuas‘lemp\{\l"Jtdt h rmodul at ed

drive si gnal

28. The method of claim 23, wherein the input is an automated input.

29. The method of claim 23, wherein the input is based on a viewing

condition of the biological specimen.

30. The method of claim 29, wherein the viewing condition is a type of stain

used on the biological specimen.

31. The method of claim 23, wherein the one or more pulse width modulated
drive signals comprises a plurality of pulse width modulated drive signals that are
respectively supplied to the LEDs, wherein the light intensities of the LEDs are

independently controlled to effect the desired light characteristic.

32. The method of claim 23, wherein the LEDs are arranged into a plurality of
unique color groupings, and the one or more pulse width modulated drive signals
comprises a plurality of pulse width modulated drive signals that are respectively
supplied to the plurality of LED color groupings, wherein light intensities of the
LED color groupings are independently controlied to effect the desired light

characteristic.

33. The method of claim 23, further comprising computing the pulse width for

each pulse width modulated drive signal.
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supplied to the plurality of LED col or groupings, wherein light intensities
of the LED color groupings are independently controlled to effect the
desired light characteristic. 33. The nethod of claim 23, further
conprising conputing the pulse width for each pulse w dth nodul ated drive
signal. _18 34. A systemfor view ng a biological specinen, conprising: a
m croscope configured for generating a nagnified i mage of the bi ol ogi cal
speci nmen; ah$4.|gmzmemcfer vjewfriggubiedﬁgicar]spédimah,rmmpé\@ir&d)e ?i ol ogi cal

speci men, the |ight soyrce aving lLight emitin i odes, (LEDs); an input
devi ce con?i’@ﬁﬁoégo'?%?orﬁﬂgh'é‘?ﬁ @aﬂﬁpgﬁa&e ?W?@f"ﬁ‘?& @?m?fdhelb@'%@ ct a desired
characteri ghaGmeh; | i ght emtted by the light source; and control circuitry
configured for supplying the LEDs with one or nore pulse width nodul ated
drive si gnallight scasee enfigirechfon dkiminatingrthe binlegieal sppeisan, dre lighd souictor nat i on

recei ved bK#in@iérﬂ%i{t&?’d&S&s @%ﬁs‘?j nlight intensities of the LEDs are
0 ec i

controll ed esir 'ght characteristic. 35. The system of

cl gi m 34, wahérrit devibe cbﬂﬁ@lrﬁd)ftlmdysemlmﬁw e czvinlg mmh & iondo C?ﬁleeﬂaﬁgl e
substrate. 36. The system aof cl ai m 34, rein the desire i ght

character i 9??'@%&%?%_@%%“" ‘gf lighy W'ttﬁaﬂ’Xﬁ\é\gﬁQ@ﬁouﬁ% agdst em of clai m 36,

wher ei n t hgoRifst icfr8itr) 'c%ﬁg&@é“i‘&%?u@blgﬁg‘ the LGt of@BPHcPEpuRe Wigit
intensity. 38. The system of claim 34, wherein the Input device conprises a
user i nput mogeiatecdivensignais cerahoef whichebas agharastatistic beged pgithe

h S . ) of . . . oY
e e e g e WL B MR e oSBT BrPcesser
controlled to effect the desired light characteristic.

35. The system of claim 34, wherein the LEDs comprise LED dies disposed

on a single substrate.

36. The system of claim 34, wherein the desired light characteristic comprises

a color balance.

37. The system of claim 36, wherein the desired light characteristic further

comprises a light intensity.

38. The system of claim 34, wherein the input device comprises a user input

device configured for selecting the desired light characteristic.

39. The system of claim 34, further comprising a processor configured for

computing the desired light characteristic.

40. The system of claim 39, wherein the processor is configured for

computing the desired light characteristic based on a viewing condition.

41. The system of claim 40, wherein the viewing condition is a type of stain

used on the biological specimen.

42. The system of claim 34, wherein the one or more pulse width modulated

-19-



40. The system of claim 39, wherein the processor is configured for
conputing the desired |ight characteristic based on a view ng condition. 41.
The system of claim40, wherein the viewing condition is a type of stain
used on the biol ogi cal speci rren. 42. The system of cI aim 34, wherein the one
or nore pulse wd | itgglvem jses a {5] alltyof
pul se wi dt ﬂ”‘fﬁaﬂ&i‘%!?&&mcﬂ’r”%%aa YA OF PHiSE Wid kYSlS;Hr?u% 8% to the
LEDs, wher pishettily $@pplied rn@ mfeSLEmestremhﬁe h&ﬂsm@hemes o gRErEBO hifey
controlled to effect the desired ht characteristic. 43. The system of

cl ai m 34, Wﬁ’éP%”q?rtﬂﬁéoﬂﬁﬁﬂedaﬁoee%cF ﬁwg&f'rpﬂﬂlehtapfwaﬁtamsttcy of uni que col or

groupi ngs, and the one or nore pul se width nodul ated drive signals
conprises a plurality of pulse wi dth nodul ated drive signals that are
respect i vel y43.suihe systenn of clagn |Bl4uwhelieirythefLElEEDanecﬂrmng§ddnmi mglsral'mhefr ein

to et fect - EREURGEISF aeP g g i s o Pefs 898a idta raohaRH ke YighaR 30,
wher ei n t heophédsta pRirdiRybf pyisé Wdthmuﬁ’atwﬁﬁﬁe srghdtshhamwraépéwv@lsmt roller
configured for ﬁ‘generatl %Iﬁ)hu' se width nodul ated control signals. 45. The

system of EVRRIgA4a theypluraithof D ealer aErupingscwherajn Fﬁhtt"Néﬂs'F'ﬂ%PfMGS drive
c1roul {1y EoBfdRgdRks SHORLMACH P PRt LrbctTdesiadghi ve i anal s

to the I'n response to the cont signhal' s
characteristic.

44. The system of claim 34, wherein the control circuitry includes a pulse
width modulation controller configured for generating pulse width modulated

control signals.
45. The system of claim 44, wherein the control circuitry further includes drive

circuitry configured for supplying the pulse width modulated drive signals to the

LEDs, in response to the control signals.
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