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 Background & Motivation

 Radiometer Overview

* Near-Field Antenna Design

* MMIC Switch and LNA Design

* Measurements and Temperature Estimation
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e Various medical applications to benefit from internal tissue temperature

Cardiac surgery[1l]  Hyperthermia treatment[2] Sleep disorder|[3]
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* |nvasive methods
* Needle probes and radio pills

* MRI
* High-cost and non-wearable

 Heat-flux device
e Sub-cm measurement depth

** Microwave radiometer is a non-invasive and compact device that
measures thermal noise power emitted from a stack of tissues.
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* Black body radiation: all materials at 3K CMB
non-zero temperature emit . [
electromagnetic energy across the 2% L™
entire spectrum 3 Y™

* The power spectral density (W/Hz) is: ¢

hf

— 108 10t Frequency [Hz] 10t

P = Jnf/kr —q

°C

* For a human, the black-body curve
(red) peaks in the infrared
(penetration into tissues: ~1mm)

A TECHNOLOGY SOCIETY



o IMS Passive Microwave Thermometry

Connecting Minds. Exchanging Ideas.

* At lower microwave frequencies,

sensing depth is a few cm iy

hf NN ) : Bandpass filt

p = ehf/kT —_ 1 ~ kT I-! /3 1 Vl.ze_tiqt‘?r‘]

[ - {fL n;a\
e Near-field antenna attached on Ng;ﬁeld 2. @;DataAnalysis

skin to recelve thermal noise ﬁ | Muscle
Skin

Ll ———

®

*“Quiet” radio astronomy band: 1.4-1.427GHz (2% BW)
s*Compromise between sensing depth, low RF interference and size
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Dicke Radiometer

l/l%Radiation

Radiometer Overview
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Correlation Radiometer

l/ﬁ/l}Radiation Bandpass
Low-noise
. Ar\:pliﬁ er Filter Detector
l Low—qmse Bandpass Y D
Switch ~ Amplifier Filter Detector Coupler %Coupler R Set  F DC outputl
_/_ —f J\ :
{\> l} % S¢;  ——DC output X X e
C

o I/ S Reference _\—>/ _x (g S, DC output2

Reference Noise Source| | Nl

Noise Source

» Less number of components (L)
Allows calibration for gain
fluctuation @

Time on-target Iimited@
Switch is Iossy@

Continuous measurement of
both input @

Lower sensitivity to impedance
mismatch ()

Sensitive to gain fluctuation of
detector

AT — \/ETS)/S
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Temperature Measurement
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Tmuscle: Wmuscle

Skin
"-\l ) 4

Ttota!: Wtotal

Tskin: Wskin

Ttotal — WskinTskin T WmuscleTmuscle

W . Weight of layer
T : Temperature of layer
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1.4 ~1.427 GHz: kTB = —99.5dBm
@ 27°CB= 27 MHz

i YNSYivite = Dicke radiometer connected
Skin Switch LNA to a phantom tissue stack of
‘I.I\iear-ﬁeld ™\ skin and muscle
o antenna ]
- - —e = Switch and LNA
S o -0.29 dB 45.4 dB :
S 2 implemented on a GaAs
£0 Reference
_E noise source MMIC
DC Amplifier Detector  BPF n OUtpUt d|g|t|zed and
Data S o
— —<He¢ T processed
20 dB -2.8 dB
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Cross-section Top view Reflection coefficient magnitude
< 40 mm » \
< S trat < 0 -
> upcrstrate = <3205 mm > ‘ W
— i A N YT e T
"~ Rectangular patch v |5 5. ‘ Z
=~
P Substrate - = E @
| - : = .10+
P e Ground plane y i ? 05 A 5 .
. =  / T | F |— Probe in air
| | Coaxial feed feeding 151 —— Probe on tissue layer
' (measurement)
220 - RN EEREES Probe on tissue layer
g (sunulatmn)
1.0 1.2 1.4 1. 6 1. S 2.0

Frequency (GHz)
* Designed to match the tissue layers

* Rectangular patch topology
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: 0 3.5
Schematic | [
V+ —10 _=;;:-‘___ ____-__.----.'_‘_‘_'_'_'_'_'.:----:_ 3.0
—~ 204 T LT 125,
o S ERE
Portl = T%Ml SR AN | g
v = 5 -30 7 Insertion loss 2.0 &
- +— IR ’ . @
50 ohm = 40+ \ Isolation [ <5
'II_,\/\/\/_" ELres u—PortS g ] "\ '.‘ ',‘ —3S1 l(through) I %
¥ . ‘ =z
Ve 3 -50 1 - 1.0 >
M2, ] o e i ~
Port2 J?Msl -60 - A e - 0.5
-70 - . - T - . - 0.0
V- 0.5 1.0 1.5 2.0 2.5

Frequency (GHz) _
 Solid : measurement

° Shunt—series t0p0|ogy  Dashed: simulation

* Inductor(L,.,) to resonate the “OFF" capacitors of the transistors
* Insertion loss: 0.29 dB / Isolation: 30.8 dB @1.4 GHz
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60 . 1.0
i [ |
50 -
40 4 - 0.8
30 -
a0 Z
gé 20 . B 06 g
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— (4"}
L 10+ h
TR a9
= 04 045
g ] _
- Ve T A -10 _ . \%
M=4x 164um L,=21.6nH L=0.95nHLs=21nH C,=8pF Vp,,:=2V 1,=16.4 mA -20 1 0.2
M;=4x 180um Ly,=21nH L,=20nH L¢=12nH C=4pF V=049V [,=12.2 mA 1
My=4x 132um Ly=62nH Lyi=47nH L=02nH C=SpF V@047V =136 mA -30 -
L,=13nH Lg6.5nH C,=1.5pF V;;=048V 10 ] 0.0

0.4 0.8 1.2 1.6 2.0 24 2.8
Frequency (GHz)

* 3-stage common source amplifier
e Distributed filters for stability improvement
* Performance at 1.4 GHz: Gain: 45.2 dB/Noise figure: 0.52 dB
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o IMS o MMIC Implementatlon
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06 08 1.0 12 14 16 18 20 22 24
Frequency (GHz)

S11 S33 ——NF
S22 — S31 w/ filter

—— S31 (through)
— S32 (Isolation)

e Performance at 1.4 GHz
e Gain: 45.1dB / 41.9 dB w/ filters
* Noise figure: 0.88 dB
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GaAs MMIC!

2
A,
5

Switch LNA
Near-field

antenna ‘ > A% |
| o v /
W) g / 3
-l I i 1LY /

-0.29 dB 45.4 dB

Phantom on antenna

Reference
noise source

DC Amplifier Detector  BPF
Data
analysis

R Thickness
—< |—-<1—|1 A
S N Phantom (mm) Er S (S/m)

20 dB -3.2dB
» Two muscle phantoms alternated Skin 2 28 | 0.82
on skin phantom Muscle 15 (7.7 | 1.26

Temperature logger

Thermocouple
logger
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o0 IMS Temperature Measurement
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2 2
th =
:
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5.0 i 1 ' I ' 1 i I i | i I i 1 ' 1 ' 1 i
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Time (s)

* Two muscle phantoms alternated every 20 seconds
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Volume Joule loss of tissue phantom
(W/m?)

7500.

5000

=0 =
SAN DIEGO 7073

2500

0
Weights from Joule loss Winuscte : 0.993
Werin - 0.261
f Pj
W, = Wirope : 0.03
fvtot ’0]

Ttotal — WskinTskin + WmuscleTmuscle
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Temperature (°C)

Ttotal — WskinTskin T WmuscleTmuscle

e Skin temperature is calibrated to estimate muscle temperature
* Average error of 0.77 °C
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Temperature (°C)
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20 1 Tmusclc(Radiometer) ------ Tmuscle(hOt) Ttotal
' —Ty, e T (cold)
10 +————— A e

Ttotal — WskinTskin T WmuscleTmuscle

e Skin temperature is calibrated to estimate muscle temperature
* Average error of 0.77 °C
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* Non-invasive internal body temperature measurement
45 dB stable gain, 0.88 dB noise figure for Dicke MMIC
 About 80 mW power consumption
 Temperature measurement and estimation using 2-layer

phantom stack
* Average estimation error of 0.77 °C

 Future work
 Further implementation to MMIC

 Temperature measurement of
multi-stack tissue layers
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Thank you ©
Questions?
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