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Open-Ended Coaxial Probe with Protruding Inner Conductor
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Abstract

Open-ended coaxial probe is used to measure complex permittivities of materials in a wide bandwidth. Complex
permittivity measured by a conventional coaxial probe suffers from severe fluctuation due to instrumental uncertainty
when the difference between reflection coefficients of reference and measuring materials is small. In this paper,
open-ended coaxial probe with protruding inner conductor is suggested to increase the difference between reflection
coefficients of reference and measuring materials, Its validity is assured by FDTD simulation and actual measurement.
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Fig. 1. Open-ended coaxial probe.
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Fig. 2. The measured reflection coefficients and con-
verted complex permittivity of silicon.
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Fig. 3. Geometry of open-ended coaxial probe with
protruding inner conductor.
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Fig. 4. FDTD calculation region of an open-ended
coaxial probe with protruding inner conductor.

A 4-& Atk LAt ol i B ad Y
2219 FDID 422 frE3}7] Sjstd A& 2
2 M(recursive convolution)2 ]2k TH.

AlZbo] t= (n+—42]1) (n+ )015’—,147‘]7} (o, 2)=

(ide, id2)=0, yY W E, E, H= 7z o33
ol EHHL

2e,6,, — 04t
E"H i, Py = 0% rx E" i, .
o ) [2505,0( +250X,,+0At] oD

Lo
=2
W
=

+ 2%, ¥30. )
2¢,8,, +26,X,+oat ) *

1 el
. 240 H] (1, j-0)=-H, )
26,8, +26, X, + 04t A4z

1)

2,6, — 04t
Ml i — 0¢ rx En i, ;
¢ /)= [250£,x+2£0XU+o‘At} )

2¢, e 24t
o0 W Y ————————— |
268, +25, X, todr ] 26,6, +26,X, +oAt

! 4' m‘ rH‘
H,*.))-H, 3(1—1,/)+H, i, )+ H, -1 ))
Ap 2p
@)
ElG+1L)-ElG.y) _EpG.j+D-ELG, Il
H, (rj) H, (l/)+#[ 4 e

&)
o 7] A



_ﬁ‘_lt,u"“

W= EAX, e T @
a

X, =(g, -5 )01-¢ 7] ©)

ol

£ FDTD 42 Re 73 7)efdd
E3 3719 WA foll gig AHAE Y Sel A
Ao 4z2 S8H celle] 27171 25 Z 50
B9t MAAF FEE AT o 9
$T-93 9 xHround off error)7} Z7t8HAl &
H9 Ul ME celle] 2717 EEFF ARt
AeAo] gt 19 45 A HFFT)
o o cell®] 7|7} Amin/11.964, Amin/23.8, A min/302
Z Az Aaghel] 2 wiAASY A7) Mg b
EM T QiTk Celld) 2715 Amn/23.80.2 & 759
Amir/309] B3] A HAM A HoAA] B2
WA, AN o] A A E Amin238E cell®) 3
712 3t F£AALE dith

79 sS4 88 EDID SAA) NHHS
wEo 2 alo) £2¥ Z2ne A9 Yy Aol
g Fatgch WAlel ZolE 0 mmo) M 5-E 5 mm7}
A 1 mm Zo] 7HA42Z ZIMAIIEA F 71E) 2
o 34 3719 wAlAlF 27) WSk Hty, 19
6ol AFE Yepl Ak

Wao] doAAS4E o] HAtASY A7 Fo}
A A% BEA 3719 iAse A7)E
Ao Wat g & Aok wekA WA Y Aol
7} Z7AESE )1EW AR B3 3] WS 27

9 ol Z7taA Bk

rlr

100 . .
083
oe | y g
094 - -
0e2 |-
__os}
=
088
—a—2_ /11964
088 - —w—1_ /238 1
i
osa | —o—1_ /30
082 | 4
aso L . . . .

.
a0 05 10 15 20 25 30
Frequency {GHz]

J8 5. FDTD 3] A4t 249 54
Fig. 5. Convergence of FDTD simulation results.
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Fig. 6. Amplitude variation of reflection coefficients
according to the length of protruding inner
conductor.
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Fig. 9. Open-ended coaxial probe with protruding inner
conductor.
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