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Because the diversity of DNA molecule and the affinity between different forms of DNA molecule, a concept of
DNA computing has been regarded as a break-through to create such a memory, which can break the diffraction
limit of light. In the scheme, a local-controllable photonic technique is attractive to control DNA reaction.
Under this background, a photonic DNA memory was proposed. An optical trapping technique invented by A.
Ashkin in 1970s has become a useful tool for non-invasion and noncontact manipulating biological objects.
Holographic optical tweezers (HOTs) system including a spatial light modulator (SLM) is dynamically
controllable and takes advantages of the characteristic of the parallelism of light. However, the conventional
HOTs system with an SLM is limited by the large feature size of SLMs and the small manipulation range, which
means a small storage if we apply this system to the photonic DNA memory. In order to increase the
manipulation range, a DOE-SLM combination method is studied.

At the beginning of the thesis, the optical trapping theory is studied. In chapter 2, DOEs and SLMs are
described ; and the method for generating a spot array are considered ; then a 3D dynamic parallel optical
manipulation system with using DOE-SLM combination method is proposed. In chapter 3, three dimensional
dynamic manipulation of multiple polystyrenes at distant locations is described. In chapter 4, as a preparation
for spatial addressing, three DNA clusters are transported ; six cluster divided into two group are manipulated
dynamically. These results imply that spatial addressing can be dynamically realized in a large spatial range
by applying our system. As an extension of the conventional dynamic HOTs technique, these results
demonstrate that the constructed system is better than the conventional system. It is feasible to apply this kind
of system to the implementation and manipulation of future DNA memory.

The developed technique is expected to be useful for implementing the photonic DNA memory, and other kinds
of photonic DNA information system. For example, DNA machine, DNA automaton, DNA self-assembly,

lab-on-chip, each of them provides a way toward the new generation of DNA information science.
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DNA O LEEMERE BB FSHE AR L7z DNA 20 B a—F ¢ U ZHifIE, F 2 A7 — VOB HILEET & LT
HFETHY, BlxiE, KORHRRAZITHET2HLWF A TDAEY) (74 h=v 27 DNA 2EV) EH~DT L —
7 ZN—HiffiE LTS TWS, 74 h=v7 DNA A% TiZ, DNA O EFROTEHEZ ML LT,
DNA % 22 R FTHN I3 2 BAR OBRFE R AR AIR Th 5, Z D BIZK L Ok & Wik & O EVEH TRAET 2T
ZRRALEE By MERTAZTHY . SEIEARFABRBEIN TS, 220, WHIERLE OB AN H O
BEFNIVELFE LR, KX T, 74 F=v 7 DNA AE V) OFEEA~LITHREIH LT, AurlI7 0y
sHE Lty FOIRIZEDSS VAT AOREEZOHEIEDEFEZITIR>TWD, An /T 74y 7By b
X2 (SLM) OFIHZ AR L3523, B CABINICHE F FTHEZ SLM 7 /31 2D 2 IRTTAi 2T <4
— L DIYRAEI e K EL 10 Ip/mm FEE TH 0 [ 2N S W2 RO BRERTRERPEN IR SN D, —F, 74 h=
v 7 DNA A&V ORFELZERT D72D120F, EREOFEIBICE L BIENEREIN D, £2T, 2% M 2ERE
TREREHTAZFIE Lot/ 2 — o BRI F3F (DOE) #fAab i LnIisbie sty b
AT LEERL, ZOHEMMECOVTHRABREN TS,

LD FEHEIRERIILTO LB TH D,
(1) DOE & SLM Z#AGbeiz 'ty hOBEREREL. TOBIEEESCHISZIIRL TV D,
(2) KRFHEICESS VAT LAEMEL, HEOWMNE—XEZRTMIC R T v 7L, WHNICERETED Z L 2L
W5,
(3) AT AERICOWTRE L. BRERTRESEIRMIER L, BAEATRE 22 RS S N+ % Z L 2R LT\ 5,
(4) HEfE~T B DNA ZfEA L7/hE—X (DNA 7 7 2 %) OBEICKT L TARFEZEA L, BX L BRIENTT
MADHZERETFLTND, ARERIZDNA B TOFREE L TERBSNHBREZRO S Fik LGEATELZ L
ZRLTWD, IHIZ74 h=v 7 DNA AE VIZHLEREHNE CTO DNA 7 7 A X O F R F 2 EGE L T
%, THUIZ7 4 b=y 27 DNA AE Y DZERT L 7 ~DILHREEZ TR L TV,

PlED X 51, AfwiE, SLM & DOE #HlWelisDe ety b A7 ADRELE 7+ b =v 7 DNA AE U~
DISAAREME D EFEIC DN TR R b D TH D, TNHOREIL, FWEF, FC74+ h=>27 DNA 2 a—7
AT DRBICHEETDHETHANREN, LoT, Ml (FRET) O e LTS 2D LBD D,
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