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(57) ABSTRACT 

A lab-on-a-chip (LOC) device for detecting a target nucleic 
acid sequence in a sample, the LOC device having probes 
with a nucleic acid sequence complementary to the target 
nucleic acid sequence for forming probe-target hybrids, and 
an electrochemiluminescent (ECL) luminophore, and, elec 
trodes for generating an excited State in the ECL luminophore 
in which the ECL luminophore emits photons of light, 
wherein, the electrodes are arranged in pairs, one of the elec 
trodes in each electrode pair being a working electrode which 
causes oxidation or reduction of the luminophore to generate 
an excited species that emits a photon, the working electrode 
being positioned such that the probes are between the photo 
sensor and the working electrode. 



Patent Application Publication Dec. 22, 2011 Sheet 1 of 107 US 2011/0312612 A1 

Micro use 4. 

na Controller 
Mr. XXX XXX . exotic ro- w rt (8051 

enip 
Sársors 

Program 
arc at3 

s 

ECL Excitation 
Registers 
from 4. 5 Registers f 39 Programabie 

ciseiay 
EC 

Excitation 
trivers r 

S-22, -3C 
w E. rif 
5i 

Otis & 

  

  

  

  

  

  

  

  

    

    

  



US 2011/0312612 A1 Dec. 22, 2011 Sheet 2 of 107 Patent Application Publication 

~~~~ ?.+z ~~~~ Cº 

  



US 2011/0312612 A1 Dec. 22, 2011 Sheet 3 of 107 Patent Application Publication 

O 

    

  

  

  

  

  

  

  

  

  

  

    

  

  



Patent Application Publication Dec. 22, 2011 Sheet 4 of 107 US 2011/0312612 A1 

iS 

s 

  



Patent Application Publication Dec. 22, 2011 Sheet 5 of 107 US 2011/0312612 A1 

S 

  



Patent Application Publication Dec. 22, 2011 Sheet 6 of 107 US 2011/0312612 A1 
  



Patent Application Publication Dec. 22, 2011 Sheet 7 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 8 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 9 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 10 of 107 US 2011/0312612 A1 

& 
3. 

C s sity 

iii. 3. SEESSE: 

ress 
s-s-s-s Ya, 

& 

(S 
l 

(S) 
S 

(Y. 
NC Y 
X. 

    

  

  



Dec. 22, 2011 Sheet 11 of 107 US 2011/0312612 A1 Patent Application Publication 

) 

  



Dec. 22, 2011 Sheet 12 of 107 US 2011/0312612 A1 Patent Application Publication 

  



Patent Application Publication Dec. 22, 2011 Sheet 13 of 107 US 2011/0312612 A1 

/\ 
------- 

w ax. sr. N 

3: f\ 
w a. w KY 

s is 

S. i.-- is R {\ S. --> & s 

  

    



Patent Application Publication Dec. 22, 2011 Sheet 14 of 107 US 2011/0312612 A1 

FIG 16 
(Inset AE) 

FIG. 17 
(Inset AE) 

  

  



Patent Application Publication Dec. 22, 2011 Sheet 15 of 107 US 2011/0312612 A1 

FIG 1.3 
(Inset AE) 

FIG. 19 
(Inset AE) 

  

  



Patent Application Publication Dec. 22, 2011 Sheet 16 of 107 US 2011/0312612 A1 

FIG, 2O 
(Inset AE) 

  



Patent Application Publication Dec. 22, 2011 Sheet 17 of 107 US 2011/0312612 A1 

FIG 21 
(Inset AE) 

  



Dec. 22, 2011 Sheet 18 of 107 US 2011/0312612 A1 Patent Application Publication 

gº : •???? y gae 
o ~!@!) ~7~ „222222222; ) (22222222 

// 

  

  

  

  

  

  

  
  

  

  



Patent Application Publication Dec. 22, 2011 Sheet 19 of 107 US 2011/0312612 A1 

FIG. 24 
(Inset AB) 

FIG. 25 Y 
- Y - See 156 (neet A) 28-s-s--- 

  



Patent Application Publication Dec. 22, 2011 Sheet 20 of 107 US 2011/0312612 A1 

FIG. 26 
(Inset AB) 

FIG 27 
(Inset AB) 

  

  



Dec. 22, 2011 Sheet 21 of 107 US 2011/0312612 A1 Patent Application Publication 

(Inset / 
FIG. 23 

  



Patent Application Publication Dec. 22, 2011 Sheet 22 of 107 US 2011/0312612 A1 

FIG. 29 
(Inset AB) 

  



Dec. 22, 2011 Sheet 23 of 107 US 2011/0312612 A1 Patent Application Publication 

      

  



Dec. 22, 2011 Sheet 24 of 107 US 2011/0312612 A1 Patent Application Publication 

  



(-\/ 42eul) @@ -01-1 

Dec. 22, 2011 Sheet 25 of 107 US 2011/0312612 A1 

  

    

  

  

  

  

    

  



Dec. 22, 2011 Sheet 26 of 107 US 2011/0312612 A1 Patent Application Publication 

4 ~ee 

  

  

  



2011 Sheet 27 Of 107 US 2011/0312612 A1 9 Dec. 22 Patent Application Publication 

(O/ 42eul) Gg (e)||-|| 

) 
ar. 

  



Patent Application Publication Dec. 22, 2011 Sheet 28 of 107 US 2011/0312612 A1 

FIG. 56 
(Inset AC) 

EZYaz. Ezz, 
a. S SS s 199 ee - 137 

  

  



Patent Application Publication Dec. 22, 2011 Sheet 29 of 107 US 2011/0312612 A1 

insei: Ak TN' 

: ... j. x-r 

FIG. 5.3 
(Inset AC) 

FIG. 39 
(Inset AK) 

  

  



Patent Application Publication Dec. 22, 2011 Sheet 30 of 107 US 2011/0312612 A1 

FIG. 4O 
(Inset AC) 

FIG 41 
(Inset AC) 

  



Patent Application Publication Dec. 22, 2011 Sheet 31 of 107 US 2011/0312612 A1 

FIG, 42 
(Inset AC) 

(Inset AL) 

    

  

  



Patent Application Publication Dec. 22, 2011 Sheet 32 of 107 US 2011/0312612 A1 

FIG. 44 
(Inset AC) 

(Inset AM) 

  

  



Patent Application Publication Dec. 22, 2011 Sheet 33 of 107 US 2011/0312612 A1 

FIG. 46 
(Inset AC) 

FIG 47 
(Inset AN) 

  



Patent Application Publication Dec. 22, 2011 Sheet 34 of 107 US 2011/0312612 A1 

FIG. 43 
(Inset AC) 

  



Patent Application Publication Dec. 22, 2011 Sheet 35 of 107 US 2011/0312612 A1 

7. 72 

FIG. 49 
(Inset AC) 

FIG 5O 
(Inset AC) 

  

  



Dec. 22, 2011 Sheet 36 of 107 US 2011/0312612 A1 Patent Application Publication 

  

  

  



Patent Application Publication Dec. 22, 2011 Sheet 37 of 107 US 2011/0312612 A1 

  



Dec. 22, 2011 Sheet 38 of 107 US 2011/0312612 A1 Patent Application Publication 

  



Dec. 22, 2011 Sheet 39 of 107 US 2011/0312612 A1 Patent Application Publication 

(C1V 13euI) 9G Ø|- 

  



Patent Application Publication Dec. 22, 2011 Sheet 40 of 107 US 2011/0312612 A1 

FIG. 57 (Inset AD) 

  



Patent Application Publication Dec. 22, 2011 Sheet 41 of 107 US 2011/0312612 A1 

coca -- 47 : 
s 

------- H 
% r s 1. 

Si-Rosikas Nissa R-six 

FIG 53 
(Inset AH) 

  



Dec. 22, 2011 Sheet 42 of 107 US 2011/0312612 A1 Patent Application Publication 

§§§ 
2. 

s 

  

  

  

  

  

  

  

    

  

  

  

  

  

  



Patent Application Publication Dec. 22, 2011 Sheet 43 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 44 of 107 US 2011/0312612 A1 

\ 
R s: s is s is ss is is is is s is is s is is is sk 

zry. 
: 3 (O - 
: 

great 
37 ( 

- 
- 

r 1 S3 

Y 

FIG. 61 (Inset AF) 

  



s 

Dec. 22, 2011 Sheet 45 of 107 US 2011/0312612 A1 Patent Application Publication 

  

  

  

  

  



Dec. 22, 2011 Sheet 46 of 107 US 2011/0312612 A1 Patent Application Publication 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Dec. 22, 2011 Sheet 47 of 107 US 2011/0312612 A1 Patent Application Publication 

  



Patent Application Publication Dec. 22, 2011 Sheet 48 of 107 US 2011/0312612 A1 

N () () 
} S) & 

rea or rye are are a on on a rear e o are on a were a were 
-Na----------------------   



Patent Application Publication Dec. 22, 2011 Sheet 49 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 50 of 107 US 2011/0312612 A1 

s 

t 

s 

  



Dec. 22, 2011 Sheet 51 of 107 US 2011/0312612 A1 Patent Application Publication 

-saeg 

  

  

  

      

  

  

  

  

  

  

  

  

  

  

  



Dec. 22, 2011 Sheet 52 of 107 US 2011/0312612 A1 Patent Application Publication 

---> 

------------------------------------------------------------------------------------------------------------------------------------------------------------rrrrr------------------------------------------------------------ 

Susfo 

~~~~)??? ~~ 

  

  

  

  

  

  



Dec. 22, 2011 Sheet 53 of 107 US 2011/0312612 A1 Patent Application Publication 

N 
SS) 

  

  

  

  

  

  



Dec. 22, 2011 Sheet 54 of 107 US 2011/0312612 A1 Patent Application Publication 

  

    

  

  

  



Dec. 22, 2011 Sheet 55 of 107 US 2011/0312612 A1 Patent Application Publication 

  

  

    

  

    

    

    

  



Dec. 22, 2011 Sheet 56 of 107 US 2011/0312612 A1 Patent Application Publication 

#~#~~~); 

  

  

  

  

  

  

  

  

  

  



Dec. 22, 2011 Sheet 57 of 107 US 2011/0312612 A1 Patent Application Publication 

  

  

  

  



Dec. 22, 2011 Sheet 58 of 107 US 2011/0312612 A1 Patent Application Publication 

—~~~~ ---- » ---; --; 

  

  

  

  

    

  

  

  

    

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

    

  

  



Patent Application Publication Dec. 22, 2011 Sheet 59 of 107 US 2011/0312612 A1 
  



Dec. 22, 2011 Sheet 60 of 107 US 2011/0312612 A1 Patent Application Publication 

---> • 

#|-- 
************************** * 3.3.3.3.3.5.5 ±±EEEEEEEEEEEEEEE?3.3.3.3.3.3.3.3|EZZE?????3:3:3:3:3:3:3:3:3:3:3:3:3:3: 

  



Patent Application Publication Dec. 22, 2011 Sheet 61 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 62 of 107 US 2011/0312612 A1 

Sr. ww.a. 

& ry (SN Cy Q s   



Patent Application Publication Dec. 22, 2011 Sheet 63 of 107 US 2011/0312612 A1 

S. s 
CY --y 

this - R -- ) 
S. 

tr-, i. S. wa 
s y r- N 

- 
- s t{) 

|-- S 
  



(\/(1 43euI) Z@ 01-J 

############# #### 

R. R. K R 8 

S) 
N. 
. 

8-8 

Dec. 22, 2011 Sheet 64 of 107 US 2011/0312612 A1 

X s. 

Ya 
Ya 

to on to or on 
s is is ss ss is sists is is ss is is ss is 

OOQ^?”#| | #! |: • • • • • • • • }//--------------------------------------------------------------------- · 

~~ ~~~~*--, // … 
1,1 43€uj#z@Z@@#z@ O6 ? º? ? 

- 

A. 

Patent Application Publication 

  

  



Dec. 22, 2011 Sheet 65 of 107 US 2011/0312612 A1 Patent Application Publication 

SN 
- - - - - - - - - - - - - - - - - - 

2161 

A 23 f is a 
--- 

s 

  

  



Patent Application Publication Dec. 22, 2011 Sheet 66 of 107 US 2011/0312612 A1 

SSSIs 

  



Sheet 67 of 107 US 2011/0312612 A1 Dec. 22, 2011 Patent Application Publication 

as a RR x as as a R as x Ree Rae as ------------- as a solo as as a 
f w 

Q\ 
Sy 

  



Dec. 22, 2011 Sheet 68 of 107 US 2011/0312612 A1 Patent Application Publication 

  

  



(HC1 43euI) Z@ 0!!! 

Dec. 22, 2011 Sheet 69 of 107 US 2011/0312612 A1 

N 

Patent Application Publication 

  

  



Dec. 22, 2011 Sheet 70 of 107 US 2011/0312612 A1 Patent Application Publication 

(HC1 

  

  



(Ca1 43euI) OG O|-1 

Dec. 22, 2011 Sheet 71 of 107 US 2011/0312612 A1 Patent Application Publication 

  



Patent Application Publication Dec. 22, 2011 Sheet 72 of 107 US 2011/0312612 A1 

ty \ 
S). S N () Ny (S y t 

SSS. S. SSS S.S. S.S. S. no on an on an on an on an or 

k O 

IOOO CY --- R 
c. c. co do SY 

Yoccosee oooo -- ss S. 
N * 

st $ \ 
s I. st 

wn- s 

- s -S N) 
N ll. 

on a row on re ro refore on a ri 

s 
N 

ses is 

- 
\ 
CN 

: -Y 

S 
Y 

s 

(S) 

() 
res 

ll. 

T-- T 
S - N S. & 
S & S. N 

  

  

  



Dec. 22, 2011 Sheet 73 of 107 US 2011/0312612 A1 Patent Application Publication 

@6 

J ………………………………………… 

    

  

  

  



Patent Application Publication Dec. 22, 2011 Sheet 74 of 107 US 2011/0312612 A1 

-- 3C --- 

  



Patent Application Publication Dec. 22, 2011 Sheet 75 of 107 US 2011/0312612 A1 

- - - A 
366 
- 
PA 

s 
S. 
s 

3. Ru(bpy). 

(64 Ru(bpy." 
-- 2 

Ru(bpy). (362 
\ c a? --- S-36 w 

FIG 95 
(pKIOE. A KT) 

  



Patent Application Publication Dec. 22, 2011 Sheet 76 of 107 US 2011/0312612 A1 

XXXXX XXXXX 
2X8. 

374. 

3. 
S 
8 

: s 
8 

  





Patent Application Publication Dec. 22, 2011 Sheet 78 of 107 US 2011/0312612 A1 

s 
X x XXXX XXXXX XXXX & & six Ssssss S. 38S E. xx 

& & 3S & 

  

  

      

  

  

  



Dec. 22, 2011 Sheet 79 of 107 US 2011/0312612 A1 Patent Application Publication 

(3C 

94, 

83% 

FIG 105 

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Dec. 22, 2011 Sheet 80 of 107 US 2011/0312612 A1 

FIG 104 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
2 

YW, XYW, X, XYW, X, XY 

. '' 

3. Micro USB 
1 . 

: 
en 

Sensors 

Frogram 
adata liquid 

S&SOS 
36C, 

f 
EC Excitation 37O 

Registers 
al 

eaters . . . -- 3. Excar 
yes sectise 

Excitatio: 
rivers 

---, 3 O 

c 

FIG 105 

  

  

    

  

  

    

  

  

  

    

  



Patent Application Publication Dec. 22, 2011 Sheet 81 of 107 

laptop? 
otebook 

Oedicated 
feader 

Desktop 
computer 

aiet 
computer 

FIG 106 

US 2011/0312612 A1 

- ------1 f M 

------ 1C 7 

  

  

  

  

  

  

  

  

  



Dec. 22, 2011 Sheet 82 of 107 US 2011/0312612 A1 Patent Application Publication 

| ~~~~); 

ZOI 
    

  

  

  

  

  



Patent Application Publication Dec. 22, 2011 Sheet 83 of 107 US 2011/0312612 A1 

  

  



Dec. 22, 2011 Sheet 84 of 107 US 2011/0312612 A1 Patent Application Publication 

  

  

  

  



uc?¢&q:{{2!}+--~~~~~~--~~~~~~--~~~~~~--~~~~~ ~~~~--~~~~~~--~~~~~~~} 
Suafoused 

Dec. 22, 2011 Sheet 85 of 107 US 2011/0312612 A1 

-------------------------------------------------------------------------.) 

Patent Application Publication 

  

    

  

  

  

  

  

  

  

  

    

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Dec. 22, 2011 Sheet 86 of 107 US 2011/0312612 A1 

  



Dec. 22, 2011 Sheet 87 of 107 US 2011/0312612 A1 Patent Application Publication 

***********sesssssssssssss?s 

  



Patent Application Publication Dec. 22, 2011 Sheet 88 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 89 of 107 US 2011/0312612 A1 

  



Patent Application Publication Dec. 22, 2011 Sheet 90 of 107 US 2011/0312612 A1 

(S 
SY S. 

S 

  



Patent Application Publication 

t 

\ A 

n r 

Y ". 

M 

--- 8s 
------. 

Se 

{- arrarror-- 
s: -, ---------- 

\ 
N. ) i 

s 

s ra. 

erectors 
8 & & as a 

so is asso is pesos sees d 8x8 

ociologgololobloloo 

Dec. 22, 2011 Sheet 91 of 107 US 2011/0312612 A1 

  

  

  

  

  

    

  

  



Patent Application Publication Dec. 22, 2011 Sheet 92 of 107 US 2011/0312612 A1 

S\, n 
& S. C 

QS Q. w 

i 
---------------- ess as sers as sees ses. Rese ess sesse Rese is 

c y 
. 

N sea--S f 

  

  

  



Dec. 22, 2011 Sheet 93 of 107 US 2011/0312612 A1 Patent Application Publication 

(00 43euI) 6]] ©|- 

  



(de) 19eul) OZI OH 

  



Patent Application Publication Dec. 22, 2011 Sheet 95 of 107 US 2011/0312612 A1 

  



Dec. 22, 2011 Sheet 96 of 107 US 2011/0312612 A1 Patent Application Publication 

(10 43euI) ZZI OH 
-¿A --~~ 

  



L??L?L? 
Dec. 22, 2011 Sheet 97 of 107 US 2011/0312612 A1 

(e90 13euI) QZI OLI 

Patent Application Publication 

  



| 

Dec. 22, 2011 Sheet 98 of 107 US 2011/0312612 A1 Patent Application Publication 

  



Patent Application Publication Dec. 22, 2011 Sheet 99 of 107 US 2011/0312612 A1 

an on a on is a on to an on to an in a on a on on on 

a 
N 

w ar asso occo o: 

: 
W X) 

s 

f 
s N 
() &S) 
N -- 

r 
N4. 
() 

-S by 
S. R. 

SY 
S 
N 

& () - 
(N 

8. 

Q) 
rans 

----------------------- 

  

  

  

  














































































