PCT/SG2008/000042

WO 2008/097199

121

(wr +
Jsin(ar +¢.)

1
¥
|
1

1.5

1
H
-7
1
1
i
|

0.5

JR;] U
-10
=

x 10°

FIGURE 1



WO 2008/097199 PCT/SG2008/060042

2/21

[17 Light [1I] Analyte [1II] Optical fluorescence [Vl Mixer  [VI] Low pass filter
Modulation Interaction detection
Y T T Ve

ource
18 i\ Sample and |} | o
! b N (1 Optical
! | microfluidic rr® oo
! il ‘ N eiver
i i caed- B! ;
: W e
Lsin( ax ) L e
| e I =
i SineWave 1! i N

- ; ¥ Phase Délay
E Gerterator, | | ! Phaso De ‘y :
e———— : S Y— )
sin( ax ) [1V] Voltage

controlled pha
shifter G T T 1
1 . 1
! Calibration Cireuit |- —o" o
:L . : i &, is the phase of the analyte signal
_______________________ N th
200 [VII} Calibration Circuitry for s 'the phase of the substrate

phase tuning

FIGURE 2




WO 2008/097199 PCT/SG2008/000042

3/21

300
Reader and noise

\ elimination unit

308 310
Light source - Detection
system @ 9 T system

Sample inside
microfludic channel

FIGURE 3




WO 2008/097199 PCT/SG2008/000042

4121

400

/

414, (408)
408, 410 > A12

406

405 —
402

|

i

A A P o ol At A A o A E e — 404

FIGURE 4




WO 2008/097199

oeh ey s frowmn ot q—

5/21

PCT/SG2008/000042

560 5%, 5%

(5?:6 &, 50

Light Source

s - - v
é}’:m{(t)—‘&sm(d?l-!-gﬁ,) (+ 6‘5 N \

FIGURE 5

2y . d’ x ‘ . .
N guf}?;g%%o , 4, sin(er +4,) ( \Zj ) fﬁr)r;;;gggf‘# (
"7 gan S H
e i i A
1 s o 5% |
Sk [
S . ‘
,5(?" sin{mi+¢,) - (
|
|
| i
i
| |
' {
520 ‘
cos(at +¢d,) l
!
——




WO 2008/097199 PCT/5G2008/000042

6/21
1.0 |
530 mei,
T, S,
X N oA sin{uit g ) /
¢ Reqovered Al sinlax i ¢,
| o] P
R SN 9
Z / 528 \\ Vs
S o 7 W )7
% - / ™ %/
L
-1.0
3.4995 3.4996 3.4997 3.4998 3.4999 3.500C
Time (in ms)

FIGURE 6




WO 2008/097199 PCT/SG2008/000042

7/21

(5

Light Source

LB~

1%
sinfwt + ¢, = Ag,) / i
“Tig 1
(
n o i i
T 7 [ '”Z‘Si“(A?’N)

a7 i

s Tew mmn O o T

b /TN {
i \\
i
! 100
i
|
sin{wt { cos(w! +¢, - Ag,) ( 7w
f Lz i
¥ \

L‘—'""_“"'“m—.w&lﬂa—m-‘mw

FIGURE 7




WO 2008/097199

PCT/SG2008/600042

8/21
1.0 - T TN 1 i &
, AL site--pE Y724 %
- >\/ /724’\\ \‘\\ o A sinlar -l-gi.}.7134 7 /\/
/ / L1341\ | sin(ex+ ~A¢4l726 / \
/ PN ERNA RETL ga
X BN \

/

i N

Amplitude (in V)
o
M

gl N\ 1 )
/ \ N /
A/ AN
/ \ v/ . //
005 3.4996 3.4997 3.4998 34999  3.5000

Time (in ms)

FIGURE 8




WO 2008/097199

PCT/SG2008/000042

9/21
i [Vl [VI]
1 Light Source Vit 8= A, SR(@E+ ) N
—~ N Sample and "Optical +A, sin{ax +¢,) t@ o Amplitude |
- mlcrcoigldxc Regéiver 1 o . |- Detector
sin( ait )
Sine Wave
. Generator
[}
sin{ a¥ N
o “,vPhaE‘;e)v ¥ o 1Yk
Phase Delay 1 ety | LPEL =
£
[H] T sin{ax +¢,)
- A*;A' stn(g, ~4,) P \
[VII] JLPF3 g ey 900
v
sinf et )
" Phase |V ve L ‘ Mo |
| Phase Delay 2 -l LPF2 .VCO - 90
ey Detector " | i cos(ax+9,)
sin(ax +@,)
[var] [IX] [X]

FIGURE 9




WO 2008/097199

PCT/SG2008/000042

10/21
m [X1] X
Light Source Al sinlax+8,)
X | Microfloidic | § Optical )
T card Receiver 2 LPE4
sin{ o}t )
Sine Wave
- Generator
(]
sin{ ax 1}
’ "
Phase Delay 1 -I D‘;‘;”jfo P wem AR
s
11 1 sin(ax+¢, — Ad,) ,
: : v =%—sin(A¢">
éalibfaﬁonCifcmtl et
[XV] [XVI] [XIV]
- - Alsin(ax+¢,)
g N T R - | Opiical
. Sample - "1 Receiver 3
[XVIH]
g w B RA =~’£sin(A¢,)
Calibration Crcuit 3¢ 2 “LPF5
sin{ ox J
Phase Delay 2kl P25 L2t 1pm [ VOO E %° A»II
T sin(@+a-ap) |
[VIII] (X} (X1

FIGURE 10

1000




WO 2008/097199 PCT/SG2008/600042
11/21
L [V] [VI]

Lihts ‘ V() = A, SID{@X+ 8,) .
® “)ﬁ‘:"’c _ [ Sarmple and R +4, sin(@r+4,) t@ .| Amplitude A,
=2 | microfluidic Regeiver ] &/ ' Detector

sinf alt)T
Sine Wave
Generator
]
sin{ ax R
Phase Deldy 4 e AR LPEL | LSy
[m] 1 sin(ox+9,)
An—Av in(,
X sin(@, —¢,) ; \
2 .| Contol
[VO] | | rees 1 Cirouit,
X 1100
\
sin( @t )
‘ Phase |[Ys e | £l ane
2 ’F2. vCOo 207 |
Ph“seml‘ay" Detector |} FFF2 [P cos{axt +¢,)
T sin(ex +¢,) !
[vigj [IX] X1

FIGURE 11




A\

1200

WO 2008/097199 PCT/SG2008/000042
12/21
M [X1] [X1]
Light Source A? sin(ax +4,)
P Microfluidic {__§ Optical 5 :
- card Receiver 2 o LEEs
sin{ ax )
Sine Wave
Generator
[ [y
sin{ @t §
Phase Delay 1 hase Lol LeFL veo m
A " 5 -
[II] T sin(ax + ¢, — Ad,) |
- \A &-é"z:sin(Aaj")
Calibration Circait- 1 |
[Xv] [XVI] XIV]
= AS sin(ax + @,)
b ] : o Optical ’ ;
> Sample ™ Receiver 3
[(XVII]
‘ — 1 v =Eisinag)
- Calibration Cirouit 2. = LPF5
sin{ ax
Phase Delay 2 H—] oo l—vi e [ veo E 50
T inGerg -A8) |
[VIII] [IX] X1

FIGURE 12




WO 2008/097199

PCT/SG2008/000042

- 18/21
1] [v] Vil
" ) = A, sin(ax +¢,)
Light Souree Y8 ‘ As
—~ R ngpéle a(;xld " Opical, +A, sin(ax +¢,) t@ b Amplitude R
| microfluidic " Recetver b . Detector
card - X
sin( w:f
Sine Wave -
Genérator.;
[IV]
sinf axt )y e — sin{ax +¢,)
Bhase Delay 1 ! A_v__]!
31§
i ~ ;Av sin(f. ~4,) Control
[VL] § | ees ™1 Circait
) ‘
¥
‘ 1300
sin{ @t )
i sin(ax +4,)
¥ Phase Delay 2 ‘ (ox+4,)
L cos(ax + g,

[vij

[X]

FIGURE 13




WO 2008/097199

PCT/SG2008/000042

LPF4

14/21
I [X1] [X11]
Light Source g Al sin(ex +¢,)
=~ o} Microfluidic | Optical >
= card | Reesiver 2
sin{ ax )
Sine Wave
Generator
[XT1I]
sin 21 sin(ar+ g, ~Ag,) —
Phase Delay 1 ! 90°f !
[11] .
v = Eesin(ag,)
Calibration Cirouit 1 =t
[XV] [XVI] [XIV
PUR o [ opticat Al sin(at+¢,)
> * 7| Receiver 3
[Xvij
AN =~é—‘~sin(A4),) o
Calibration Circult 2 2 LPES
sinfar § sin(a + ¢, - Ad) 1
| Phase Delay 2 90°
v X1

FIGURE 14

1400




WO 2008/097199

PCT/SG2008/000042
15/21
(i} [V] [VI]
‘ _)’,,h,,(t)=A, Sin(w""?);)
h ‘ .
b t“:'f’.:me Sample and Optical sasinerg)  TOTY | Ampliude A
»- mierofluidic Reoeiver 1 ” " Deteotor
card -
sin{ a):f‘
Sine Wave
Generator'
[111]
sinf ax
R v -
Phase Delay 1 i D?::;r b Ler [
. e .
[ T sin(ax +4,)
\ ﬁ:ﬁsmm -4, +A¢’)+£ﬁ_§iﬂ(/§_¢§_ P '
” o | Control
. LEF3 ™ Circuit 1500
! V] ,
[XVII] | Calibration -
Circuit 2
sin(ex) ¥ ;
o Phase. ¥y, S Ve § SR
Fhase Delay 2 Detector A Pz = veo L__Jgo cos{ax +¢,-Ag,)
T sntarvg-ag) |
Xl [X]

FIGURE 15




PCT/SG2008/000042

LPF4

WO 2008/097199
16/21
1y X1 [X1]
Light Source " As sin(ax +¢,)
s o] Microfluidic. | Optical * .
T eard " | Receiver | "
sin( ax )
.. Sine Wave
Cenerator
(1] [XII]
sin{ ax ]
Phase Dolay | Diifj;r 5l emt B veo ? 90~
s ooy . —
[ 1 sinar +9,-A8) |
j';}c;alibmﬁoﬁ‘éixcuin1 -

v =%‘isin(A¢n)

[XIV]

FIGURE 16

A

1600




WO 2008/097199

PCT/SG2008/000042

17/21
Il vl [VI]
Light Source Vet () = A, sin(@t +4,)
o~ . i"é‘:é’éiﬁi “Cptieal +A, sin(ax+4,) t@ | Amplitude A:
card Receiver 1 Detector
sinf ox }
. Sine Wave
Generator
;
sin{ ax )%
\ Phuse Vs |- v
Phase Delay. 1 Dmmﬂ-& LPFL b
A
[H] T sin(ax +¢,)
-4, . A, sin(A
1 | 5 sing, g, + g+ 2B
) LPES "] Circutt
A4 [VI[] Y \
[XVII] | Caiioraton- X
«. Circuit 2 1700
sin(ax) ¥
Phase Delay 2 poase. Ll Lpm [ VEO o0
Cee — cos(ex+ ¢, —Ag,)
T sin(ar+g,~40) |
[X] X1

FIGURE 17




WO 2008/097199

PCT/SG2008/000042

| LPF4

18/21
1] [XI] X1
Light Source X ; ¢ sinax +
¢ .| Miorofluidic | {1 | Optical & » .
: c‘ard‘,fuj Receiver 2 o
sin(ex)
" Sine Wave
- Generator,
[ [XIIT]
sin{ o g
Phase Delay | haso Ll L1 [P VCO - o
L " - fno . —l .
[ 1 sin(@+¢,~Ag) |
Calibmﬁqglfﬁ%uiil :

V) = =2sin(A
r 2 ( wn)

[XIV]

FIGURE 18

1800




WO 2008/097199 PCT/SG2008/000042
19/21
[ vl vIj
Light Source Yo () = A, sin(aX +¢,)
Sample.and; - LA sin(or o} f\\ As
—~ | Dumpean Optical A sinfor+g) ¥ ol Arplituds ||
¥ microfluidic Receiver 1 o z ~1 Detector
card
sin( wc:f( ’
Sine Wave
Generator’
: 1v]
sinf ax )y sin(ax +¢,) r.___ —
Phase Delﬂy 1 L_f’:___l
(1}
A ging, - g+ ag ) S EERI
LPE3 o Cireit \
A i {VH] \4 1900
[XVII] | Cailbration
Circuit2
sinfax) ¥
’ sin(@r +¢, ~A4,) |
> ' | o
Phase Delay 2 3 | PO
X1

FIGURE 19




WO 2008/097199 PCT/SG2008/000042

20/21
m [X1] [XI]
Light Source —— A sinax +¢,)
Y | Microfluidic pl Opical - LPR4 .
o card™ | : ‘Receiver 2 o o
sin{ ax)
Sine Wave
Generator
[X]
sin{ ax — sin(ax ,+,¢" "A¢n) -
Phase Delay 1 Lo
(11 c \
v =sinag)
Céﬁbrgﬁon Cironit 1" j«@ 2000
[XIV]

FIGURE 20



WO 2008/097199

PCT/SG2008/000042
21/21
(] vl VL
Light Sousce Vio = A, sin(@t+¢,)
Sample and - : = m As
¢ N B Qptical . +A sin(@t+g) 1 .| Amplltude
#»| microfiuidic . Recaiver | o Z ™ Detector, >
|_card ] e . :
sinf axT
Sine Wave
Generator
: V]
ety sin(ar +4,) =
. Phase Dielay 1 Lf..v_.‘
]
= LA Ginp, — g+ Ag - A S0AA) Si’;(A“”: pEv—"
LEF3 * Crouit
¥ (V] y \
[XVII] | calibration
L Clroult 2 2100
e ¥ cos(@r+g, ~Ag,)
¥ Phase Delay 2

FIGURE 21




