Oloxinpwuevoc Bloynuixog

Muxpoarcintrneoc

Kugtaxr) Tooavtixidou

ktsantik@ece.auth.gr

Xeriotog Xoutoupldng

cchoutou@ece.auth.gr

20 Tavouopiou 2020

[eptindm

To ¥éua mou VYa napouciactel oe autd T0 dEUpo Elvor 0 OAOXANPOUEVOS Broynuixog

uxpoancIntreas. Apywd, topatidevtar ol Teyvohoyleg-opdomua Tou Borincay otnv

e€€MEN authc TN Teyvohoylac. ‘Eneita, emednyeitan 1 opyr) Aettoupyiog optopévewy

ano AUTOV €TOL WOTE VO YIVOUV XAUTOVONTE ToL TROTERMUATO XL TO UELOVEXTHUATO

Tou xadevdc. Ou teyvohoyleg mou Yo mapouctactoly eivon ta ISFET  xarddg xon

xdmoteg mopahhayéc avtodv, oo ChemFET xou ta EnzymeFET |, mou eniong éyouv

Baowotel mdvew oty teyvoroyla twv ISFET . Télog, epbdcov avageptolv To YeVxd

CUUTIERACUOTOL OAWY TWY TEYVOAOYUBY AUTOV, TOLOUGCIALETAL ULol CTUOVTIXT EQUOUOYTN

e TEYVOAOYiog AT 1) omolo elavt txavy| v aviyvedoet to DNA 7 RNA Siopdpwy

UXQOORY VIOV,

1. Ewaywyr

TEMTY ENOVAC TATIXN TEYVOhOYia, Bdom

e onolog e€ehlyUnxay xar Ghec oL u-

TOAOTES TEYVOLOYlEC oL Yo TaPOU-
CLICTOUY TOEUXAT®, EUQPAVICTNXE OTIC dp-
¥éc tou 1970 xau ovoudotnxe ISFET . Ty
(Bl meplodo eugpavic Tnxay xou cncIntrela cu-
o TuATA Boctopéva OE BLaXELTd Moy WY U-
Axd xon NAEXTEOOLYL, Tor omolor TEOTWR I Y
an6 ta ISFET | xadog we teyvohoyieg oy
TOLO TPOGLTEC GTOV LATELXO YWEO, apo) BeV
amottoVooY LOLTEQES YVWOELS UXQONAEXTEO-
Vg 1) e€elntnuéveg Teyvoloyieg mopaoxey-
fg. Emouévae, ol mpiteg egopuoyéc twv IS-
FET dpyioav vo eugpavilovton apxetd ypovia
apyoTERA, 0T TEAN TN dexaetiag Tou 90 xou

YWEIg Vo UTAPEEL OLCLUC TIXY) EUTOPLXT) EXUE-
TIAAEUOT).

Ané To étn 2002, 2008 o émeita, op-
¥iCouv xan TEAYUATOTOLUVTOL TEPLOGOTERES
€PELVEC TV OTNV TEYVOlOYia QT UE amo-
téheopa vo egpoviotovy o ChemFETs  »ou
o EnzymeFETs , to xoéva and to omo-
{oa €yl avtloTolya TEOTEQHUNTA KoL UELOVE-
ATAUATO OUWE ot Tal 800 AMOTEAOVDY GNUAVTI-
x| eZEMEN TNe TEYVohoYlog. 2T dpyéc Tou
2010 dpyoav va mapouctdloval €0EUVES OL
onolec e€EpELYVOUCOY TUPUANNYES AV GTNY
teyvohoyia tng mOAng evog ISFET . Ané to
2015 Suwg, Zexwvd 1 YEHOMN ULXPOCKOTXWY
nhexteodiwy otny nOAN Twv FET nou onua-
TO00TEl Yo TNV AVATTUEN EPUPUOYMY YLOL TNV
aviyvevon mpwteivay. Téloc ailet vo avo-
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pépoupe e Uetd to 2010, eupovileton xou
1 teyvolroyla twv nanofluidics . ITpdxeiton
YL UMY OVOAOYLXY| XATERYUSIA GE UIXPOOXO-
X0 €NIMESO TOL OXOTO TNE EYEL VA OTNULOVE-
YHOEL EAEYYOUEVA XAVIMA POTC TOU TROG €-
&étaon vAxol otov awodnthea. To nanoflu-
idics , av xou anoteholV oNuaVTIXG xoupdTL
TOU ¥A&BoU ouToV deV Yo avaludoly 6To To-
eoV dpipo.

2. Teyvoloyieg awointripwy

2.1.  ISFET

H évvowr Tou ion-sensitive FET 1 adiug
ISFET mou mapoucldo tnxe oTic apyEg Tng Oe-
xoetiog Tou 1970 and tov P. Bergveld [3] Ba-
olotnxe otnv teyvohoyia Twv metal-oxide-
semiconductor FET (MOSFET) . H yevixn
apy”) Tou otneileton oty Wéa oTL Evae MOS-
FET tou omnolou 1 petodlhixr mOAT €yel oupou-
eevel xou o omolo €yel BudoTel oe Evar HLdhu-
HoL, UE TNV TURAAANAT XeNoT EVOS NAEXTEO-
ofou avaopdc, urnopet vo yenowonomidel yia
VoL vy VeLoEL 1ovTa.  AeBopévng TN omou-
OUUOTNTUC TV LOVIWY LUBROYOVOU OL aPYIXES
€PELVEC GTEAPNXAY OTNV aviyVEUST| TOU.

Y10 oyfua (1] mapoucidleton 1 apyr| Aet-
Touvpyloc. E00 Tto didhuya epugpaviCetar wg
ywentxotnta Cpr- Double-layer . To duvo-
w6 Gp PAEEL YwENTIXOTNTEC TOCO TEOS TO
FET 600 xau mpog to Bidhupor xou elvon outd
mou ehéyyel tn pot| pedpatoc oto FET . H
olapopd AWg mapatneeiton and 6U0 SlaAduo-
Ta e SlapopeTind Baduol oviouol. Me autod
TOV TEOTO 1) YETENoT Tou Boduod oviouol 1
tou pH evog diahduatog toduvopel pe ™
uétenomn tng ywentxotntas Cpr.
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A) AmlouoTeuuévo PoVTEND EVOC MAEXTEOY I
%00 atotntipa ue o&eldlo wg VAS dietagrc. To
poptio TNy empdvela Tpoxaiel TN YetoBolr) oo
Suvopxd AWg.

B) To 16080vopo xOxhwpo TOU LOVTEAOL TOU oli-
ovnelou, 6mou Cpr, Cox xou Cp elvon ot yw-
enTxdTNTEC TOL Blohduatog, Tou ofeldlou xou
e meployc e€dvTinone avtiotolya, Omwe me-
prypdgpovton and toue Shoorideh-Chui [4].

2.2. Teyvohroyla CMOS

‘Eva onuavtixd Bua oty e&énén tov  IS-
FET #rav n yenowwonoinomn tng xhaouxig ye-
Y660uL xataoxeuric CMOS dhote va drnutove-
ynYolv cuotoyiec awodntipwy pH [5]. H
undpyovoa teyvoroyia CMOS | un tpomo-
TounuévT, elvon TOAD a&lOTo TN xan BeATio To-
TOWNUEVY), ETUTEENOVTOS TNV ToEay Y1) awodn-
THEWY UE YOUNAY XOTAVAAWOT ot EVEAE A
otnv xatooxeur). To ISFET mou moapdyo-
VTOL ME OUTH TNV TEYVLXY, XATAOXELALOVTON
enexteivovtog To pétalho tng moAng tou FET
(OOTE AUTO VO PTAGEL OTNV ETUPAVELAL TOU ONO-
XANPOUEVOL. AuaTUYNOS oUTY 1) TROGEYYLON,
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oV X0l EUXOAT OTNY TOUEUCKELT|, TEOCVETEL ULl
EMTAEOV YWENTIXOTNTA OE OELRd YETOEY TOU
BLaAOUTOC %o TN TUANG, UELOVOVTOS TEAXY
v evonodnoia xaw o edpog wétenong [0].

2.3.  Awgpoponooelg

Me v mdpodo Tou YEOVO XL UE YVMUOVA
TNV mpoondlela i aoINTReeS Ue xahiTERN
oaxp(Belo | emAegoTNTA, TEOTAINXAY OlEXE-
TéC Mapahhary€g TS mapamdvey pedodou. Mia
Tétolo toparhayn ebvon to floating-gate FET
onwe topovotdotxe to 2003 [7], oAAd xou pe
OLAPOPES TOUPUAAAYES X0 PUETAYEVECTEQA.

‘Onwe gaiveton xon 010 oy 2] autod tou
eldoug o aroUnthpag €xer 800 moiec. H pla
YenoLonoLelton Yo oviy veuoT xou 1 SN yia
€heyyo. Hhextpind xar o1 600 €youv avdroyn
Aertovpyla xan etvon ywenuxd cLlELYUEVES
oToV (810 oxpodéxTn. 'Etol adhayéc 6To (op-
Tlo onolacd|note MOANG emneedlouy To duvo-
U6 oto o&eldio.

Yyfua 2: Floating-gate FET

Mt dAAn Sraoporoinon etvon to double-
gate ISFET . Auto éyel mapduola dour| ye to
floating-gate , ye tn Slapopd 6Tt LAOTOLEL TN
de0teEN TOAN 070 oW YEPOC AUEAVOVTOC TNV
améxpelon tou awodnthpa. H poper auty ue-
AeThdnxE xuplwg Yo EpapuoYE and avdhuon

pH uéypl aviyvevon DNA xa yenowonotet
teyvoloyia tpavliotop Aentol @ilu [§], [9].

2.4. ChemFETs

‘Evo ISFET 1o ornolo €yel tpononoiniel wote
vou elvon eLaoUNTO OF LOVTA BLAPORETIXG. TOU
H™, ovouydletor chem-FET [10]. To Po-
oW CLUCTATIXG TO OTOIO ETUTEEMEL TNV ETI-
AegotnTa Tou auoUnTneiov o oplopéva -
OVTaL EvavTl GAAwY Tou Tuy GV Vo TopevEBou-
vay Tng Saduxactag etvon pio ueyPedvn ISM
(ion-sensitive membrabe) . Autr tonovete-
{te mhve oty TOAN xou SnuLovEYEL Ui un To-
AWUEVT BLETOPT| UE TO OLALUOL DTNV LOaVLX
nepintwon, 1 pueuPedvn elvon Slamepaty H6vo
OE OTO XATOLO GUYXEXPWEVO L0V, OAd GTNY
TEAET, To BLAPOEIL LOVTA TUPEUBAAAOVTOL Xol
peTapépouy éva tpooieTo poptio oty TOAN
uéow e peuPedvne, meploptlovtag €Tol TNV
EXNEXTIXOTNTA TNS %ot ALEAVOVTOS TO OPLO O
viyveuone. 1o oyfua 3] gaivovtan Sudpopec
xatnyoplec chemFET .

2.5.  EnzymeFETs

IMo v aviyveuon moto chvietwy poplnv o-
moutelton pior SlopopeTixr) mpocéyylon. T
TO OXOTO AUTO E€YOUV TAPOLCIAGTEL BLdpo-
eec teyvoroylec. Mio and autéc agopd ot
YeNon 0ZEWBoavaYOYIXAC EMLPAVELS UE TNV
T TOY POV YoM HoplwV-evlUWY Ta OTo-
for ovavnromololvTaL Tdve e auTY. Yuvidwg
TAL TEOG VLY VELUST) LORLAL AVTLOPOUY UE ToL EV-
Cuuor xou oUTE PE TN OEEd TOUG UE TNV &-
TUQPAVELN UETAPEQOVTAS EVTEAEL PopTio OTNY
mOAN. To évuyo umopolv oxdua VoL axivnTo-
moindoly xou aneudelag Téve Gty TOAN TOL
FET . Tt t0 oxomd autd yenotponololvton
OLAPOPES TEYVIXEC OTILC PUOLXT X Y TULXY
ATOPEOPNOT), ToyiBEVTT) EVTIOC TOAUUERWY, O-
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Eyfua 3: Kotnyopiec chemFETs

HOLOTIOAX T GUVOEDT), OTAVEOCUVOEDT) Xol [i-
xTh puowoy Nt pedéddou [10].

To mpwto EnzymeFET onuoupyrdnxe
ue evamdveor ueuPBpdvng otny mOAN e Olo-
G TOUPOVUEVT GLVOEDEUEVT TtEVIXIAvdoT. ‘O-
TaY UTEYEL TEVIXLALVY 6TO Oelyua, To €viupo
XATOAVEL TNV LUBEOAUCT] TNC TEVIXIANIVNC OF
Tevahoixo ol0. Ta mpwTtovia Tou aneieuie-
EWVOVTOL XATd T1) BidpxeLl TNE avTidpaong oA-
AaCouv To pH xovtd otny mOArn, xou auth 1)
odhary?) uropel var aveyveudet [12], [11].

3. IpofBiuota

Ta FET wq awontrpes, Omwe xou Ohot To 1)-
AEXTEOVIXL YEVIXE TUPOUCLAGOLY TEOBAYUO-
Toe xotd TN Aettovpylag toug. Kdmowa mohd
Baowd mpofBifuata o onolo mopouctdlovto

4

o€ OAEC TIC xaTNYOopleg TwV aucinTnelwy elvor
1N oAloUnon tdong xou o pol VopuPog.

3.1.  OhicOnon

Me Tov 6p0 oAicdnom tdong evvoolue TNy oA-
Aoy?) TN tdomng €€6Bou g Bldtadng Ue TNV
mdpodo tou ypdvou. To ISFET  ocuvidec
XATAOXEVALOVTOL YENOUOTOLOVTOS XATOLO O-
eldlo wg awointiiplar empdvelao. Autég ol emi-
(pAveleg €YoV Ula LovoTtovixn ohicOnon otny
mou ogelhoviaw oto otpdua ofewdiou [13].
Avuty 1 ohioUnon elvan cuvAdog oyupdTe-
en otav o awoUnthpag extiVetar oe xdmoto
otdhupor xou apyiler va otadeponolelton 6T
ouvéyeta. Ot Teyvixég avTloTdiuiong ylo Ty
ohlovnon mepioufdvouy ahyopripoug SLoe-
Ywone [14], eldwd oyedioaouévo xuxhdpoTo
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front-end [6] xou dAho.

3.2. Pol 96pufoc

"Evor axdua pouvouevo mou napatneeiton xatd
™ Aertoupyio twv ISFET elvar o pol Bdpu-
Boc h ol 1/ f noise . Autédc exdnhdrve-
Tan G OAMoUNoT Tou TeoxaAeiton and Ty AlES
OLAXUHUAVOELS GE UEYAHA YPOVIXEL BLOG THUATOL.
Q261600 0 YopuBoc auTog Exel xAnpovounel
ot ISFET ané v teyvoroyia CMOS [15].

4. 'Eleyyoc DNA xou RNA

M egapuoyy| evog ohoxhnpwuévou Bloyn-
ol pxpoaoInThipa mdve oE TeyVohoyla
CMOS yuw tov éheyyo tou DNA 17
RNA  nadoyovwy pixpoopyoviouoy onws
Influenza A, Influenza B, Polio xot duo-
POPWY GANWY LWV TOUPOUGLAG TNXE GTNY EQY -
olo “A Fully Integrated CMOS Fluorescence
Biochip for DNA and RNA Testing” [2]. O uw-
xpoaoUntiipag autde yenowdomotel Evay XA
current-sensing modulator ¢ aviyveuty
xan wie CMOS  6iodo avdotpogpne TOAWoTNS
WG UETATROTEN POTOVIWY OE NAEXTEOVIAL. 2T
cuvéyela Yo yivel avahuTixotepn ey nom g
apY A AELTOLEYIOC TOU XUXADUITOS EQPOCOV
TEMOTO TOEOUCIACTEL 1) YEVIXY| Gy AELTOUR-
ylog avlyveuong uxpoopyavioumy.

4.1. Apyn hertoupylog

H yevue apyr) Aertoupyiog tétolou eldoug
wexoooUntiewy mpobnovéter v Unopdn
woc peuBedvne otnv mOAN Tave TNV o-
ol Beloxovtal oxvnTOTOINUEVOL OVLY VEUTES
(probes) , 6mwe @aivetar xou oTo GYHUL
Avtol ot aviyveuTtéc decuebouv Tov TEOG o-
ValATNOT| UXEOORYAVIOUO oL TOV OXLVITO-
TOL0V OE Lol CUYXEXPWEVY ToToveaia. XTo
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(~40pl)

TRANSPARENT

COVER ( A)

-+—— EXCITATION FLUX (F,)
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FLUOROPHORES

EMISSION FILTER
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HEATER (M4)

METAL
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Yyfua 4: Hpwtotunn cuoxevh) ekéyyouv DNA
xou RNA [2]

Otdhuyo péoa oTo omolo VENOUUE VoL avLy Ve-
OOVUE XATOLOV UIXPOORYOVIOUO ToTo¥ETO-
Ope oplouéva @lopilovta poplar tar omolor o-
VTLOPOUY Y NS UE TOV ULXPOORYOVICUO Xl
EVOVOVTAL OTNV dxer Tou. AuTo €yel ¢ amo-
TENEOUA, OF XGVE UHPOORYUVIGUO VoL UTAQYEL
outh 1 Touéla (@lopilov pdeto) otny omno-
{o 6TV TPOOTEGEL GUYXEXPWEVT] CLYVOTNTA
QwTOC, apyilel xou auTH Vo U TN OElpd NG
EXTEUTEL PWS To omolo TeEMxd umopel var o-
VIYVEUTH| amd TN guTodlodo. Emouéveg, av
PWTICOUUE TO CUYXEXPWEVO OTUElD GTO OTO-
{0 UTdEYOUV OL CXUVNTOTOLNUEVOL VLY VEUTES
aVIAOY L UE TO PwE TOU Vol EVTOTUOEL 1) PwTO-
0lodo¢ umopolUe Vo ByYEGAOUUE CUUTERAGUTA
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yioo TV UToeén 1) Oyl TV UXEO0RYOVICUMDY
TIOU YAC EVOELAPEROUY XoMDC XOL YLl TNV TE-
PLEXTIXOTNTO OTO BLIAUMA TOU TTPOC aviy veuon
UXEOORYAVIGUOU.

[ FLUORESCENT
TARGET _o o /_ L
w ANALYTE o o
o
s
-4
w
CAPTURE
PROBES ~
7
soLID
SURFACE CAPTURING
EXCITATION
FLUX (F,)
'\of \o/\l s ", EMISSION
! FLUX (F,
cAPTURED  “, % O\T_ (R
ANALYTE — SSSS
Z

Yyhua 5: Apyh Aettoupyiag tou aviyveuty DNA

4.2. Tlpobnotéoeic

o v viomolnon authc g Sadixactog
TEENMEL Vo TAMEOUVTOL OPIOUEVES TPoUTO-
Véoeig. Apyixd Yo TeEmel To oTROU TOU Blo-
Eedlou Tou mupttiou (SiO7) vo épyeton o€ €-
Topr) Ye To LOUTLIXO Belypa. Erniong, Yo mpénet
vo emxpatel Wio Yepuixr) otadepdtnTa 1) O-
molor €lvon ovoryxodar ylor TNV EMTUYT TEAY-
HATOON TOV YNUIXOY AVTIORACEWY TOU Ao-
Bdvouv ywpeo péoa oto didhvpa. H péyiotn
TUXVOTNTO TWV AVLYVELTAOV elvar 1) TEAEUTOLAL
Teolno¥eon mou mpénel v TAnpeelton X elvon
6 pue 9 nm .

4.3. Tlomoinon

To oloxhnpwuévo, OTwe @alveton xaL GTO
oyfuafd] amoteleiton ané eninedo otpwUdTLY
EVG TO OAOXANEWUEVO Eyel uéyedog 100u m .
270 TPWTO AV CTEMUA UTHRYOLY 0XLVITO-
TOUNUEVOL OL OVLYVEUTEC TIOU GECUEVOLY TOUG
UXEOORYAVIONOUS TOU OLohluaTog Tou e&e-
TdlouyE. XT0 AUECKS EMOUEVO GTEWUA TO-
EoxdTL UTdpyEL Eva PIATEO oL PLATEAEEL TO
pu¢ Tou exméumouy ta @Hopllov udpla ETol
oTe v umopel vo evtomileTon o e0xoha oo
TNV QwTo6{0d0. XTO ENOPEVO eT{TEdO, UTdp-
xeL évac heater pe tov omolo emituyydve-
Ta 100 1) Yepuiny| oTHEQOTNTA TOU UTOLTE-
{te Y TNV Stadaciar 0G0 xou 1) AAVCLOWTY
avtidpaon mohupepdone (PCR) ‘Ernetta, v-
TAEYOUV OL UETOANXES OLOUVOESELS XAl GTO
Téhog uTtdpyEL 1 PwTodiodog xou 0 LA mod-
ulator (o aviyveutrc). OuvolaoTxd, T0 QK
TOU EXTEUTETAL OO TIC TOUTEAES TWV ULXEO-
OPYOUVICUGY YTAVEL UEyEL TO TeEAeuTalo emime-
00 mou Peloxetar 1 YwTodlodog xon exel yive-
Tan 1) Sdtxacior TNG UETATEOTNAS TOU oVOAO-
Yol ofpoatog (évtaon gwtéc) ot Pnploaxd

GHHAL.

4.4. To x0OxhwUd TOU AVLYVELTN

‘Onwe goivetar xon 670 oy Bl o aviyveu-
T vhoroteiton e évav mpdtng TEng XA
current-sensing modulator , o onolog ano-
teelton amd €vay ohoxAnewth (X operator
) xou évay Avahoyixéd oe Wngloxd Metotpo-
néa (Analog — Digital Converter) . Eniong,
o Beodyoc xhetver pe évav Ungloxd oe Ava-
Aoyw6 Metatponéa (Digital — Analog Con-
verter) , o omolog ebvar 0 ‘A’ operator o
EMO TEEPEL Tiow orua ToL YpeeldleTon Yol TNV
OWOTH UETUTEOTY TOU OVOAOYIXOU GHUATOC
oe gnerod. To onuavixd elvar mog autod
TO ®UXAWUA BEYETAU WS {0000 TO AVUAOYL-
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%0 CHUL TNG POTOBLOBOU X0 ETLOTEEPEL ULl

Yo €€odo.
x[n]
DAC

Syfuo 6: XA current-sensing modulator

b 4

4.5.  Awdixaota aviyvevong

Y10 mpwto oTddlo, Ye TNV Pordeio Tou
heater , avZoueudvoupe Ty Yepuoxpasia oTto
OLIAUUOL OOTE VoL ETITEUYVEL 1) TOAAATAY) oLV T
veapr, Tou DNA 7 RNA tou puxpoopya-
viopoUL. Auth 1 Sladcacio ovopdleton oAUGH-
0wt avtidpaon moluyepdone (Polymerase
Chain Reaction — PCR) xou avtiypdgpel to
YEVETIXO UAMXO TOU UXQOORYAVIOUOU WEYEL
wou 230 qopéc.  Edd mpémer va avopepde-
{ TG OTN CUYXEXPWEVT] EQUQUOYT UXONOU-
Yeltow i Tpomonotnuévr dadixactio and auth
TIOU TEPLYQPAPNUE GTNY YEVIXT oY1) AELTOVE-
yioc. Io ouyxexpwéva, 1o gplopilov wdeto
BeloxeTtar 0TNV dxpEn TOL AXVNTOTOUNUEVOL o
VIYVEUTY| X0l EXTEUTEL CUVEYOS Q. Em-
Théov, P€oa OTO BLIAUUO UTEEYOUV GUYXE-
xpwéva uopta (primers) to onola 6tov TAN-
owdcouy ta @hopllovta udplar TOU oV VEL-
T TEOXUAOVY TNV TEOCWEWY| EAUTTNOGY TOU
puTog Tou exméumeTon.  H Owdwacia g
OE€opEVOTC TpaYUaTOTOLE(ToL EQPOGOV G ToE-
eomnotcouue TNy Vepuoxpacio Ayo mo xdte
and Touc 60°C.

[Mo v emiteuydel 1 TowtdyEOVn vy veuon
OLUPOPETIXWY UXPOORYAVIOUWY UECH GTO Ol
dhupa yenowonololvTol ToANoL uxpoocdn-
Theec 100y m .
CUYXEXPNUEVT] EQOQUOYY), YPNOLLOTOLOUVTOL
32x32 uwpoocintieegs (32x32 array) , o

Lo cuyxexpyéva, otny

1
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Syfua 7: Mixpoypapia Tou ohoxAnpeuévou

xadévac amd Toug omoloug TEPLEYEL Blopope-
TixoUg aviyveutég (probes) o omolol Seoue-
0OLY BLAPOPETIXOUE UXEOOEYAVIoHOUS.  E-
pbéoov Ta ubplar (primers) evedolv otn ulo
dxpn Tou xde avtiypapou Tou YEVETIXOU U-
Axo0 Tou €youv dnuoupynloly xon xaddg
dtavbouy Oha tar 32x32 xouTdxia Ue Toug Blo-
QOPETIXOUC UXPOUoUNTHRES, BecuELOVTOL -
TO TOUC XATAAANAOUC OVLYVEUTES XOL OXLVT)-
TomolVTAL. AUTO €YEL W ATOTEAECUO GTO
CUYXEXPWEVO XOUTAXL VO EAXTTOVETAL 1) EVTO-
o1 PWTOC ToU exTEUTETAUL. Emouévng, yve-
etlovtog Tolog UixpoopYaviouog Yo Enpene va
oeopeLeTa VewpnTixd ot xde xoUTdxXL xoL o-
vtloTtoya e€etdlovtoc av €yet yewdel 1 évto-
o1 POTOC PECK TNS POTOOLOBOL TOU XAVEVOHS
%OUTIOV, ETUTUYYAVETAL 1) aviyVELCT) TOU Ui-
XPOOPYAVIOUOV.

‘Otav ohoxinpwiel n dwadcacia tng cUA-
Andne, mparyuortonotetiton plar avtiotpogn Slo-
owocia Yéow TG omolag UTOpOUUE v E-
TPBELADCOVUE T CUUTERAGUATA OTO OTola
ptdooue. Ewdidtepa, xdde €voon uetald e-
VO AVLYVEUTH) X0l TOU YEVETIXOU UALXOU TOU
XA0E ULXPOOPYAVIOUOU EYEL L0l LOVAOLXY) X0
umoAn T™Eng (melt curve) , xotd v omola
0 aVTOTOLY O UXPOOPYAVICUOS ATOUOXEUVE-
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Tl OO TOV AVLY VEUTT] TTOU TOV €YEL BEGUEVOEL
xal 1 pwTodiodog cuvey(lel vo dEyeTol WS E-
{codo 10 pu¢ Tou exméuneTon amd To PUo-
etlov popo tou aviyveutr). ‘Etot, oflonor-
OVTOG TNV HOVOOWOTNTA AUTY UTOPOUUE VAl
emBefondoovye TNV UoEEn eVOC CUYXEXEL-
HEVOU UXEOO0PYAVIoNOU GE xdUe €va amd Ta
xoLTdxLa eEETACOVTOC TNY XoUTOAN THENG Xo-
Té TNV omola dEYICE 1) PWTOBIOB0C VoL Ly Ve-
OEL WAL g, AuTy| 1 Braduxaoio emiTuyydve-
Ton u€ow tne adénong tne Yepuoxpaciog amod
toug 55°C péypet Toug 95°C xou €tol ouota-
o TS dnplovpyeltal pLot GUVEYOUEVT XOUTOAN
THENG %aTd TNV oTtola OE BLUPORETIXES YEOVL-
%€¢ OTLYUES Ol avTioToLyoL UiXpoopYaVIGUOol
Yol ATOBECUEVGOUY TOUG VLY VEUTES.

5. YuumepdoyoTa

Or ohoxhnpwuévol acUNTHPES TOU TUEOUGCL-
dotnxay oto mopdv dedpo amoteAolY HoVO
Eval Uxed Belypa aUTOV TOU €Y0UV UERETY-
Vel xou xotaoxevaotel. Hapd tic onuavtixég
TEOGTAVELES, 1) CUVOAIXT TEOOBOC TIEOG TNV €-

UTOEIXY| EXYETAAAEUOT) oty PETELAL XE AUTO
GUVEPBAAE 1) BUCKOAIDL TTEOGUPUOY NS TWV NAE-
ATEOVIXWV GE LYPO TEQIBAAAOV. XTO €pYo-
o Tplo TETOLOL £BOUC TEOCUPUOYES EYOLV &-
mrevyOel ahAd 1 TeEhxn Toug ETIXEATNON Kol
polix| TRy WYY TUPUUEVEL OXOUA ACUPTHC.
Emnpociétwg, av xou autol ol cawointhpeg
UTOOYOVTAL YOUNAO XOCTOC XoU OmAOTNTA,
x&de e@apuoYn anoutel TEPIGOOTEPOUS TOU €-
VOG YLl VoL ETUTUYEL TO GTOYO TOU.

[opd Tic mpoxAfoel, TOAMEC eToupeleg
GTOYEVOLY OTO TMEOCEYEC UEAAOV VO XUXAO-
(popHooLy TEotoVTA Baclouéva OTOUC OAO-
xhnpwuévoug aointhces.  To mapdderyyo,
n DNAe avantiooel gl GUGKELT| SoXNS
ofne Baowopévn o ISFET mou xoataoxeu-
dleton pe TN YPron UN TEOTOTOMUEVNS Olo-
owoactag CMOS . Emmiéoy, 1 Quantum
MDx
YvwoTixig ovoxeurc yewoc Q-POC. Ilohi-

€yel Cexavoel Ty Owdeor tng Ola-

Aéc axdpa etanpleg axohovdolv xaL dpPXETES
OO VOEVETOL VL aXONOVITICOLY GTO UEN-
Aov. M emixpdnon autric tng Te)voloyiog
Yo odnyloel lowg oe palwh mopaywyy ou-
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OXELWY ToL Vol PTAcoUY GTO xdle oTiTL Xou

Yo TEOCPEEOLY GTOYEVUEVN XaL Eyxouen Ot-
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