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Development of phase-contrast/dark-field microscopy
with scanning laser illumination
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Abstract

For the specimen illumination in conventional bright-field light microscopes, incoherent light sources such as
halogen lamps or mercury tubes are used, but there is a certain limitation of image brightness as we cannot focus
light source images in small spots. On the other hand, laser light sources with single wavelengths and parallel
light path would be useful as we can focus for bright illumination. However, due to high speckle noise coming
from complicated reflections on the surfaces of optical lenses and beam stops equipped inside microscope system,
laser is almost useless for light sources. In this study, we designed a novel optics to scan laser light on the front
focal plane of condenser lens, 7.e., aperture plane, that is, with light sources placed optically at an optically infinite
distance from specimens. Diatom standard specimens were used for the observation in both the phase contrast
image and the dark field microscopy, and we could reduce speckle noise under applicable magnitude. Although we
could not solve the problem of biased brightness of illumination depending on specimen angles, the new optics
presented here is expected to be useful for the observation of fine structures with high image brightness.
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Fig. 1 @BEREBAL L—Y—XEADLLE. 74 FZESR (8 form testplate, K.D.Kemp, Navicula lyra) ZFALY, FESME
FEFEIAICKY, @FEN\OSUEBBAR ) & L—Y—3E b) FHE L (Plan20DC,NA0.4). R4 —)LiE, 100
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DM CIIH ST 2 81550% 400 Hz 23 ERR E 72 5.

BONFAFIOT NI ERIEEB1E, =Y BEiER (E-509.83, E-503.00, Physik Instrumente) % i L CHIE
L, #EHII7—Hovr=Y 7/ F2x—%— (S-316.00, Physik Instrumente) ~i%k-72. Z OEEEORKERMAIT
1200 prad, FELEFEENL 5.5 kHz THD. WSz 3O =Y T/ Faxz—4—~0xn, 2/83xn, 43z T>Th
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Fig. 6 SRERAPROEAR. REBLAEL—Y—H CEMER TERICERY (F137-2 5— 3 Z@BKR, BWHREOaI> T4
LYX, ®L X, CCD hASARET S EEAIS—DIS %w@ﬂﬁﬁmﬁr@héﬁé ETERIROL
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Fig. 7 L—HY—%0Oa/ RAa—TEBKEEONE. a & b, MAEZTEMHEESR. ¢ & d, BRGRAESREEG. a & ¢,
L—H—HDOEELTULVELE d &b, L—Y—ROELERAE.
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WD 22 771 ) A ZOPRMBOE DB TN D EE 2 HND. EOERR TR, SFIREEICT, K0V E
BERE DRV MEAEDS, LV K& T A N TSNS 720 EHEHI L TV D . AWFFETIE, LR 150Hz L
TORED L—F—HEELRATZR, BV FRTHREEEEOH I OREZB X TRV, EERIVINEL 2B MAH
ol ZOBE, BT DR IRINECTHWS TR v a s L X E T H 2 L T CTE S B2 BD. 150 Hz
O L— PR, 20 fps TOBEGUROY G, &7 L —AMOBERIZZEN D7 <, g, B)—720EE ToE
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Fig. 8 RFvTmEE @) EMEFHLIE (b) DOLE (A I Surireila gemma DIEXR). 20 Ex¥IL > X,
L—H—EERE 20Hz, CCD A AT (30 fps) Thras LI-(iBETAMERTE
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Fig. 9 EEEEMANCHAEEBRIZEZEEE. a-d, 1, 10, 40, 150Hz D L—H—LETEETCHRIBLI-FDO 1 &
ZHEIZADEEG. | R LINEFESHZEToER

BN Y OFEIC L SRHEE RO LSS

LT Y L ARTE RN BTV AAFRZE SRR BB O BRI 0 13, (RO B CILE AR /]
KThDH. AT, EEAI 7 —CL—F—HEBRRITEE L T2 E, 2o OBV IZARARE DL
TTHDH. Lo, AV b—PF—Ho e —AR0, MEZEBEEAOa T L U X2H DRI L ETFRE
<, AT U LU RIZ AT DRIERE CAAEZE AR Y Z W CTORET 20BN H -7, Fig. 1012, ZONARE
FHBRIRAL 0 OIFU SN TSGR 2R T

PSS, EBTERI150Hz T 1 BEIRE L7z0b, RS LEZL0THh s, S LBESE CilxL
Rt AEREOBES LAY TRY L. ZOREE, BRI 2l S 7\ &, Se7e RSB S I 0sE c & 3,
BIRBFIRIN O BIERMR L 70 D Z L ¥bino Tz, Fiz, BRINKY 2842 & T, BEBITESN, L ARSI
BIGEVVERNELND Z ERbhoTs. EBIT, Av L) A RTF LTI, KEAREMTIZRL, B E oL
—P—HDEELDOEEN T Do LB Z BN 5. U, sEHE & 1N RE OBIHRIZ R 5 2 T R T
DL—PF—ELDT- D L HEER SN D.

fIHEERA)YHRL {EERA)vEY Oy

Fig. 10 GIMEZEEMBRERKKRY OBERICLIBEBOEL. L——HEETRE 150 Hz, L2 X 20E CCD
AAS (30 fps) T 1B LNEFEHET oz BREYZIVTUOYLOADERICHAT S LT, (EEE
MEBEDEUIERSND I EMNERTES. B 2=ARY I I/ A ADERIEEMoT=. ZOBRKKYDERIZKLS
BREOEVNE, BREFRAZETTIEDEL. LML, BT 5&312, HHEOARIZK DIEEDOENKE L\ERES
EHEDOTWA I ENBHLMEL ST
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ZEIIEE TH S, WECROBRIFIIAIC L 28I T, AN X oI RRALE L 2501zt LT, T4 O%IH]
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FEAE 90° [EMA L T L2 DRTE DO 1T o7 (Fig. 126 - g). A Y UEEARD Nitzschia sigmalL, Kl
W2k U CEAST 2 TSRS 2 B E 2 R0 A4 VY U TH DD, T LR — NERHE LT, HHRET-AE
IBATLY, ZOMSEEBIETE R oTo, ANRFROE 3 I T —ONMERB I OAEERETT 5 2 & T, FEUMICEPE
FRINEICT 2 Z L DNFRETH D23, BIDOMAEDOEIGE AL BIET 2 L 0 ICHPEEIIRTRE Th 203, BEtOR-EHiGE
DETEFRFHIIBIET D Z LN TE R

Amphipleura pellucida Frustulia rhomboides

Pleurosigma angulatum Surireila gemma

Fig. 11 fERDEEG (L) AR TR L L——EERBBVAIC K HEZBEMERSE (TRD DL
ENETNDT A BEFEESMERLV:
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Z OBSIIRIDEORIEEL, Lo RDFER, BLO, Lo X TORIG14, 15173582288 LTS FTREMEAS & .
B~ 5 L—Y—RIAGE 1/2 WERE ©E—A R v # %l U CHEBMEGE & 72 - CHEMED RIS 5.
AT LR AT AHELES, EER I 7 — %8 L GREM- OB AZEER S $7 55 TH, thmrztd52
LT, Z DIRICIREED BB DFEEE IC B 2 5.2 TWADNETERT B 728, B —L A7) & FHIC 14 % E
BN L L—P =2 R LRI bz, & BITRERFED /N W TS O L o X ff
A LESEIZBNTY, 3 27— ONEFEE TR Y REE S H O JFHIES LGRS hiRhotz, THvay
L ZADRI VIS, L R 2 EAEED, HDHWVITNL A L D EREIGED/ NSV L R L R
HEDEBIFEET X ar L X2 EMBEDE DR ED, a T U EDS F TORFROSES LB B A
7.

BEE B O T B EORIERAITRIER TH DD, ~A 7 0 B —XD & 9 7y INCE T892k % FRIA4 5 IRBA 5k
L LT, AWFECTRR L-FIETIAEDTH D Z Lvraniz Fig. 13). Zhix, Noda HI812VR L= JFEITEEI LT
WD, BN, AFFEORBNENS L——tE a7 O Y ECHBISERT S 7EE AV, RN s
L—H DT HRA % EEDDLEM L 7> T DDIZR LT, Noda HOHIET, MARDME FREHIR L CHE#ERIC
EHIDHIED L —P—E— L Lo TNEETH S, Noda HORIENREIE, FIEFRNALY 7L A XDRE
bN5A (Noda B, Fig2c M), AHFFETIE, MWVBIEREEZER TE 7 BIZ, A~y 7L A XD TOUEN
RoitTns. nm~pm FEEOEFHI~DISH b AEEE B X HiLD.

Fig. 12 ERBEBLIUABEFEMBETRIIA I 0A—42BOLE. BEEHEIR1, 4LRA—TH5.
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AFFETIE, TERONFEBEEORIDEE 1 72T T I D L—P =T Z 7257 U AR ZEBEISEE K O
PP EE A AT C, EDOMERERFTM L7-. (ABZEBERENE, kDI & il U ORENE L, Ay 7L ) A XD
DIRNBIEGNER TE T, Ay 7 ) A A%y T —E LTCOERMUTT L Z LN TE 2. AHFFEORFHREFIRIA
ETHR LU LR, BN HOKY 20 STICHIAREAZEATLHZ LT, ILIBOUENREE Bbhs. £
7o, HOWRICE LTI, ASRIE, (AHZEBSEERA OMARI SRR O Y CTIEMIC V4 R ONMAIES 52 55%ET &
o TNADHDT, ZORTYH, SEETXHRHITH 5. AU CHRT-RAREFRIRAY, BEERNOR S5m0
HEHLORIN T & edroTe, ZhuL, FMRDERETE L ChdES T, B CIIfEkROR B BEMEE L 0 G2 < 5
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MEIZITFEED. LivL, A 7 8 =20 & 5 2 CHIWED 22 W BIEGAR D55, R I m\ R DR EFIREA
PIERRTE, nm~pm FHIOTZO DI GEE L THITE 2 TREMEAS & .

5. B

ABFZEE, PR LA R e R, B R0, SCMREE RIS e RPETRIEIZE (21023018) OHBhT
it STz WFTEDSHRZ VRS B 72V, 7o, AWFIED, Ve’ 172 20507 WA » DG LIS, B L0
HEAMEREDOWHER ATV, FIRESN~A 7 o =X W ERA~ LB LI O TH D, A, AR &I, I
L UTOMERLEE EMEFORANEMEIZ IV TE L TRERWH MEHSEAEN Tk Sz, T 2 Chtot®
ZHIAT LI R TARMLE L L ODHI LT, #AT, HERE~DROEEDOXFLERK LIV,

13 FEREFRBASH T THRLER 0.4 mDIA I OE—XB. a~e &, aAVTUYEHBITADTENLE
ELIRER BRGOEBESMERLIZYZ7%6ITRY, R7—)UIE50 um.
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