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2.2

2.2.1

Bbf

T K f Hz

[7]

Bbf =
2hf3

c2
· 1

exp(hf/kT )− 1
Wm−2Hz−1Sr−1 (2.1)

h 6.63× 10−34 J·s c 3× 108 m/s k

1.38 × 10−23 J/K 2.1

[8]

hf/kT � 1 f

Δf Bb

Bb =
2kT

λ2
Δf Wm−2Sr−1 (2.2)

[9] 2.2

2

B

TB

B =
2kTB

λ2
Δf Wm−2Sr−1 (2.3)

e 0 ≤ e ≤ 1

e =
B

Bb
(2.4)
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IntegratorDetector
(Square-law)

LNAAntenna

Object

Vout

τ

∫

TRN , FRN , T0

TA

G, BRF

2.1

e

[10]

e = 0.996 e = 1 30 GHz e =

0.50-0.64 [5] e r

e+ r + t = 1 (2.5)

e r

2.2 2.3 2.4 T

TB

TB = eT K (2.6)

2.1

LNA Low Noise Amplifier 2

G LNA

2 2
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PR

PR = k TA + TRN BRF W (2.7)

[11] TA TRN

BRF

ΔTmin

ΔTmin = (TA + TRN )

√
1

BRF τ
+

(
ΔG

G

)2

K (2.8)

[11] 2.8 ΔTmin

rms ΔG rms

2

TRN FRN T0

TRN = FRN − 1 T0 K (2.9)

[11] 2.8

ΔTmin =
{
TA + (FRN − 1)T0

}√ 1

BRF τ
K (2.10)

ΔTmin

ΔTmin

2.2 LNA

TA

TC 2

TA TC
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RF
switch

Lock
in Amp

Detector
(Square-law)

LNA

Calibration 
source

Antenna

Object
Vout

τ

TA

TRN , FRN , T0

TC G, BRF

2.2

ΔTmin

ΔTmin = (TA + TC + 2TRN )

√
1

BRF τ
+

(
ΔG

G

)2 (
TA − TC

TA + TC + 2TRN

)2

K

(2.11)

[11] TA = TC

ΔTmin

ΔTmin = 2(TA + TRN )

√
1

BRF τ
K (2.12)

2
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2.2.2

[12–14]

2.3

2.3(a)

V1 f1 V2 f2

[15] 2.3(b)

f1 f2

r T r

2.4

kTobjBRF

kTbgBRF kTbgBRF

kTobjBRF

[16] Tbg Tobj

TB,i

R.A. Receiving Area T r
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V1 ( f1 )∫

V2 ( f2 )∫

(a)

f2 > f1

����

f1

f2

���	


(b)

2.3
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z

dv

�����

T(r)

��	


��
	���
TB,i

Tbg
Tobj

2.4 TB,i

[17]

TB,i =

∫∫∫
R.A.

Wi r T r dv K (2.13)

i Wi r

Wi r =
dv

m−3 (2.14)

2.14

Wi r =
dv

m−3 (2.15)

2.15 Wi r

Volueme loss density [W/m3] SAR Specific Absorption

Rate [W/kg] Wi r

TB,i T r

2.13 T r
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[18]

2.13

36.5-37.0◦C [19]

T r z

T z 2.13

TB,i =

∫
z

(∫∫
x,y

Wi r dxdy

)
T z dz =

∫
z

Wi z T z dz K (2.16)

[20]

[21]

[17]

0.03◦C 2 cm

2 σ 0.4◦C ±0.2◦C

2.3

2.3.1

[22]

[23] 32-35◦C

[24,25]
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( 0.2 mm) ( 0.15 0.17 mm)

( 1.8 mm) ( 0.3-0.6 mm)

2.5

2.5 2.5

0.3-0.6 mm [26]

0.15-0.17 mm

[26] 0.15-0.6 mm

2.3.2

[19]
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[17, 18]
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°C

2.8

2.3.3

2.2.2

HFSS

2.9(a)

t = 2

mm t = 10 mm t = 20 mm 3 [17, 27]
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2.9(b) HFSS Master Slave

xy

z = 0 mm z = 52 mm xy Floquet Port Floquet Port 1

Floquet Port

0 t = 10 mm

3

Gabriel [28]

2.10 2.10

HFSS

100% z

2.11 2.11 1 GHz

27% 100 GHz 0.15 mm

56% 1 mm 100%

1 GHz

100 GHz

0.15 mm

100 GHz

2.11

2.11 5 z = 10.15-10.6 mm 45.3% 91.9% −
46.6% 60 GHz

2.11

z 2.12

4 1-100 GHz
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2.3.4

[30]

[21]

2.3.3

10 GHz 20 GHz

2.3.3

2.12 10 GHz 20 GHz

2.3(a) −10 dB

2.0 dB LNA 30 dB NF 1.4

dB 2 FRN BRF

ΔTmin 2.15

−10 dB FRN = 3.86 dB 2.15(a)

0.03◦C 1◦C

0.5◦C 0.03◦C

−20 dB FRN = 3.44 dB

0.027◦C

2.15(b)

10 GHz

5-25 GHz
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3.1
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[2]

2.3.4

5-15 GHz 15-25 GHz

0.03◦C

−10 dB

[3]

2.1× 2.8 cm -

1-2 GHz 2-3.8 GHz −10 dB

[4]

3.8 1
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QRHA : Quad-Ridged Horn Antenna [5]

QRHA

QRHA

QRHA

[6,7]

QRHA

QRHA

QRHA

QRHA

3.2

3.2.1

TE10

[8]
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QRHA 3.1

QRHA QRHA -

QRHA

[5]

QRHA 3.1(a)

50 Ω

3.1(b)

[9]

TE10

QRHA

QRHA

QRHA

[8]

WRI-58 fc = 3.71 GHz f c

WRI-58 A = B = 40.4 mm

QRHA C C = 32.6 mm WRI-58

4.6 GHz λ0/2 λ0 QRHA

SMA

2 QRHA 1 1.6 mm

QRHA

HFSS 3.1(b) QRHA

−10 dB

3.1

QRHA 4
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3.1 QRHA

Parameters Values

Length A, B of aperture side 40.4 mm

Length C of flare section 32.6 mm

Length D of transition section 7.4 mm

Length a, b of waveguide side 24.0 mm

Width cx, cy of ridges 3.9 mm

Dimension dx, dy of gaps 2.0 mm

3 4 [9] QRHA

QRHA 3.2

QRHA

3.2 1 2

15 GHz

1.6

mm

3.2.2

3.2.1 QRHA

QRHA QRHA 3.3

QRHA 2

3.4

3.5 3.4 1 2

−10 dB 20.8 GHz 5.7

1 5-25 GHz 3.5 −10 dB

−20 dB
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3.2 QRHA

Parameters Values

Length A of aperture longer side 40.4 mm

Length B of aperture shorter side 20.2 mm

Length C of flare section 32.6 mm

Length D of transition section 7.4 mm

Length a of waveguide longer side 22.0 mm

Length b of waveguide shorter side 12.0 mm

Width cx, cy of ridges 3.9 mm

Dimension dx, dy of gaps 1.6 mm

QRHA 3.11

3.12 3.11

TE10 TE11

15 GHz
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−10 dB 1 2
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3

QRHA 5-25 GHz −10 dB [3]
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QRHA 4.1

[4]

[5]

MS-QRWG Microstrip-to-quad

ridged waveguide
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