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Material under test (MUT):

MUT
/\/\/‘ (£.) > Dielectric constant at w,:

Wo

e, =& +je" =& (1+tand)

Analysis frequency T |

Parameters to be detected
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Resonator: linear circuit

MUT
(£,) O
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Injection locked oscillator (ILO) sensor:

Active .
MUT E
(1) (noniinear) | V(1) = z V. (£) e ket Pi(®)
K
Resonator
GBI g V= Vy(t,£,)— Observation variable

’\/G,a)
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Injection locked oscillator (ILO) sensor:

........................................................................................................ V(w, &)
MUT Active \ : _ Periodic
(&) (nonlinear) | : ‘

Resonator
(linear)
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Estimation:
V(w, &,)

(wg, wy) known , Periodic

/4
\

?

\4

(¢, ") determined
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System equations:

HB system
Active

(nonlinear)

Implicit function theorem

v
Resonator

(inear} [ Y(V,w, &) =0 (Inner tier)]
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System equations:
V(w, &)
A Border conditions:
Periodic /5(1) N\
. — = 0
w(p) —wy =0

@(Qbiﬂ)—(%:o
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1
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System equations: u ={V,w, ¢, &', "}

YW,w,e)=0

9w )

_=O

oa -— F(u,w;,wy) =0

w($) —wy =0 r p\

. 0F (u, w;, wy;)

@ Em —w = 0)f | (¢, e") = f(wy, wy) & det——=—=#0

N y
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Calibration of the Sensing function: (¢',tan§) = f(w;, wy)

1) Detection of (w;, wy) = g(&’,tan §)

tan o -~ Region of interest

- &' (wg, wy)

2) Obtain f = g1

AMITT-S
|EEE MICROWAVE THEORY &
A TECHNOLOGY SOCIETY



0 IMS Simulatio
Connecting Minds. Exchanging Ideas. I m u I n

=0
SAN DIEGO

Injection-locked oscillator based on the NPN bipolar transistor BFP420

1.2kQQ 680Q . . .
sonsig DWW o Ve Region of interest:
Area '”,{lefd'g" DCFeed %DCFeed
DCBlock 6.8nH Vou R
\ | oo | | J— g o tan o
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=+ o

g =1+x
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Injection source: chirp signal
V(w,x)

wc(t)
) ), Periodic R
Wy (x) _______ """"" - |
| Periodic
W (X) |-/~ ----------- -
> t :
W
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Injection source: chirp signal
Inner tier: Y(V,w,x) =0

|_'YV(V_VO)+Yw(wc_w0+§b_j§>+GYg(¢):O
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Detection of w; and wy

Averaging;
Lt +At
ILO Mixer LPF

el Bg O e
@G,w

(

D(t)
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Calibration:

o C(alibrated

Frequency (GHz)

10.01
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1 0.018

1 0.014

tan o

1 0.006

1 0.002

(i (%), wy(x)) = g(e'(x),tan & (x)) (e'(x),tan 6 (x)) = f(wy(x), wy(x))
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1.5

Estimation:
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x: Concentration of ethanol in water

1.2kQ 680Q

. CW—wW ° Ve
SeArr]Z;ng Injection T DCFeed DCFeed
Node
\ DC Block 6. 8 nH Vot
DC Block
6mm’| | ¥ | | BF P420 %—:0 SpF %
50 Q @ G,mp = -
2 1 T DCFeed
4.7pF__ 0.5pF_— fafa i Eids
| | _ 48 Q Watertight

resin

#l Sensing
; _container

Capacitive section of the resonator

Prototype built on Rogers 4003C substrate with
and without the resin container
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an IMS Application
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x: Concentration of ethanol in water

Estimation of ¢’ and tan §
80 - - - - - -

o Calibrated

X Estimated
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* Sensor based on an injection-locked oscillator driven by a
chirp signal

* The time interval for which the oscillator gets locked to
the injection source depends on the MUT

* This time interval can be detected and used to estimate
the MUT
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