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Signal-to-noise Ratio Improvement of a FM Antenna Using a Non-Foster Circuit
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Abstract - In this paper, we demonstrate a Non-Foster matching method for an electrically small antenna to improve the
signal-to-noise ratio (SNR) of communication link. For the experiment, we used a general FM antenna whose resonance
frequency is about 52 - 57 MHz and a floating type Linvill negative impedance converter(NIC)-based circuit as a Non-Foster
matching element. By implementing the Non-Foster circuit to cover FM band, we can achieve a wide bandwidth matching
covers 40 - 200 MHz. Our measurement shows 3 - 7dB improvement of SNR for the same bandwidth though there are several

spikes which means no improvement of SNR in the band.
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Fig. 2 Small signal analysis of a negative impedance
converter.

T8 22 Linvill® Floating® NIC 3|29 LALOICE Linvill
S NICSIZ9] HElE= ofz] 7FAI7E oLt QHELIo & go] ]2
:rw:l— Qe E8jo] BEEA LUFOA Q= Floating SERO
Ch Floating & NICE= 1829] (b9t 0] EMAIAHCE v

330

JuEs 7,2 01830 AAE & UOH, EURAH
o E?TEH&% s BRE T RYe olgslol shMs ARy
HeE BAXO 28l iy 9 v BAS ofelgt Zo] A 4 AUk,

v, =7, (1-2a)i, + 2r i, 1)

()Y AoA o= EHRIAEQ Forward current gainO|E&
101 74T E=6t r = 1 g0l i FoBng AWEOZ NICY

AL Zae= A Q9 o] 3HE &= Qo duEATE 29
#ol FER, 7,0] AiAIHL AG9HY d% 29 7IE7E 7t
K= DJHEAQ Non-Foster £AS g 4= Uk

v,
Iy=—==Z-x,~-7 @

AA|Z= EWXIAEHO Forward current gain #t0] FFIt4ol
Hisl SlEZolm [8], Hiolo|~ 3|=et EMAIAEC] 245 71dd
2E0] 23 5 loBR Ol&EQl Non-Foster £AS] S2h&

She olze AsEd % Atk

=

3. FM QH|L}9] Non-Foster A} &4 A1}
3.1 FM QL9 Non-Foster A% AJEH01A

1% 32 Non-Foster /29| AIEHOIA JATE LEM 1
Folr}. California Eastern Laboratory AloA A&sh= 7144
2ol ZghE NESI33 EUWAAEH RES 0]&3UCH, LMK
FEAAN EHEHES B 13 2T 3204 Ry, Ry Ry Re=
HOJ01 A H%}O] oaks oIt vl A9 39 A2 a9 3ol 1
o 7, aAS SZ0] REISH Class A SE7]& HIO|OIA
ﬂ%‘-’?—%lEi Ng gt d83

HJZ:
;olt
L‘

Ly Cq
It oo, i
ER1 R,
L2 ]
R,
¢4
NE68133 P NE68133
ToTx C4 C; £Rs  Ry: C, ToAnt.
—_— i L .
Rs Rq3
Rs —-l-Cz Rs C,
L, Rs = L, Rs

" 3 NICO AlEdH oA 2=
Fig. 3 Schematic of NIC simulation



1 01919 $EARES NIC 3271 1Fuo] dFoAE 18

29} Zo] B8 4 JAEF Ho|A ARe 52 YJuEas
TIEE e G-I 2.2 89 #poz wEkehl Ae ¢
TEAo] sigste & DAE AUlehH, Zig Ho] rhkst
£59] Non-Foster 3|28 F81g o+ Tk

E 1 NIC AIZdO]AA] +=E52A9] gL
Table 1 Value of passive elements in NIC simulation

AR} VN VN

vz | %l ws | % ws | ®
R 680 Q Ry 40 Q Rs 1kQ
Ry 1k Rs 750 Q Re 390
Ly 1 uH ) 1 uH Ci 10 nF
Ca 1.2 pF Vi 20V Vo 3V

8 4= 7,9 EF0 WE NICQ ZHEA A9 AIEH0]
A ATet AWMAIEA/QIYEA AlEHOIA HIHE LR T
Zoltl. AlEHoA A 0~40 MHz 7HKlE Non-Foster 4K}
29| BF0] 274531, 40~200 MHz 7R Y29 7,3k=
ditho] 71€719t gte UErde gog 4= ATh

v
I | |-=-1deal -10 pF
! | | |=—2zL=10pF
E 600 -y [l A £
= ‘\ I I I £
s 4 o\ | i | S
< Y | | | =
£ 400 N~ [ A g
£ B \a : | £ i
8 Ny { | 8 |
@ 200 - - - (i I 4 3
| | i )
| | i i |
0P }
0 40 80 120 160 200 0 40 80 120 160 200

(b)

Capacitance (pF)
Inductance (nH)

a
]
i
i
T
0 40 80 120 160 200 0 40 80 120 160 200
Frequency (MHz) Frequency (MHz)

(c) (d)

Jd 4 (@ Z=10 pF € mf NICO Z|HEI~ AlEFHOIM 2k
(b) Z,=50 nH & mj NICO| Z|HE A AEH oA A} ;
(©) Z1.=10 pF & o NICO| AHWAIEA AJEH O AT}
(@ Z1=50 nH ¢ ul NICY ATHA AlEZold dit

Fig. 4 (a) Reactance graph of NIC simulation when Z;.=10
pF; (b) Reactance graph of NIC simulation when
71.=50 nH; (c¢) Capacitance graph of NIC simulation
when 7.=10 pF; (d) Inductance graph of NIC
simulation when Z;=50 nH;

Non-Foster 2|25 0|&%t FM ool A5 of X3H| 2|M

Trans. KIEE. Vol. 65, No. 2, FEB, 2016

0l olgdf ¢HUE FEeluxt 8 ZAole 18 59 o]
AEHOINE FESItE 4 SAY BAVIE ol&cto] FEst
TR SH= QHEILIS] S-Parameter®] S1P THYS FESH | 0|
AT Non-Foster 5]=¢t A14st0] g du|EA9} S99 &
WE HE AIEH oS FsIGt oln Z2 39 pFat 5Q9)]
2 AZ0|QCt.

=

: T :
. T )
: — :
1 L 1
1 :
i : j
—— I i —
. ! FM Antenna
1 1
! _1_ ! S-Parameter
Z.» Sty el T T TE_.
Non-Foster circuit
Simulation

% 5 Non-Foster S|2& 0|88t FM QHEILISl g AlEH0]
Qe

Fig. 5 Simulation schematic of FM antenna matching using
Non-Foster circuit.

T8 62 Non-Foster 328 0|28 FM QHLIC] A A&
gold A:E e JiZot). JsiZold & 4 J%0] 52~
57 MHz Q1 FMOIEIUS] 37 Fute AYE Non-Foster 2 &
BElAS 42 41~70 MHz 7HR] BEAIE & = Zg golg

+ QATh

o

=

o

°

E

E=

c |

=)

o I

= |

v l
20—~ - ¥ === Without Non-Foster

E } = With Non-Foster (Simulation)

_25 T i T T T

T | T | T | T
0 40 80 120 160 200
Frequency (MHz)

% 6 Non-Foster 3|Z2& olg€st FM QLIS FE AIEH0]
M A3t

Fig. 6 Simulation result of FM antenna with Non-Foster
matching circuit

3.2 FM QLIS Non-Foster At 23} A5 ) FEH]
Mz =38 A3t

I8 72 A% Non-Foster AESIZQF FM QHEILES] AFRIO]

331



HM7|&s =g X 65 25 20164 2

C}. Non-Foster 3]2% FR-4 7|ZHHIEE 435 FA 1.6mm)
Qo] =S MAFFHAE xeh FA| FARE WELL Johanson
Dielectric Al 0603 % QIYEIQ} Walsin Technology AFY]
0603 & A&} AHJAE, California Eastern LaboratoryA2]
NE68133 EHIX|AEE O]&cto] AFSIen +as4A9 32
AlEH O} SUFCE FMOEHILIS AP 71HE0R Algsh=
TR0 CHILIE E2I5lo] 50Q HIOIIARAEH HESAZ0|
g = ARSI

(b)

J" 7 (a) A&E Non-Foster 3]2; (b) FM QHILE
Fig. 7 (a) Fabricated Non-Foster circuit; (bh) FM antenna;

¥ 82 Non-Foster F&E FM QLIS dIAEAS 53
&t J2fzOIth. Non-Foster 3|25 O|&3 52~57 MHz ¢ FM
oHELtel Fg thYg 45~200 MHz 2 ©F 150 MHz Ak &
A 5 AZE AT = Utk 80 MHz 7HAlE AlEEO1M T}
8 2t ok Bx IREE HOL 80 MHz F2E it
A0 Hol=H), ols 1 uH QYEQ SRF7F 60 MHz Q1 B
ol AlEZIOIM0A BIAER] Zoton, HES 71d g7t E
R4S HUojA oSskA] et A dio] gl geke
nE 2uz 8 5 A

10

=== Without Non-Foster
== = With Non-Foster (Simulation)
e \\ith Non-Foster (Measurement)

- weacaed

-

S,, Magnitude (dB)
) N

o o
| |

&
S

0 40 80 120 160 200
Frequency (MHz)

%Y 8 Non-Foster 3|28 0]&38t FM QLI A A] HIA}
&4 =8 A

Fig. 8 Return loss measurement result of FM antenna with
Non-Foster matching circuit.

332

NS of FSH A 549 49 Od 91t 2ol Agg +
Asto] ZAHSIACE. FM QHEILIOl Non-Foster SI2E ZElSIAl
LUE mWo] AHEY BA7] Lo|= HEi 4 AYE
g} &t1, FM QLo Non-Foster 32E o]gd] Ags6is
mol AHEY 247 wol= iy =4 FHE Ny, S0l2} &
W, A5 O &8 AT SNR.w & A1 9T} Zo] 53g £

UL

SNE,,, = (8 = &)= (N, —N,) ®

@

Antenna with

itchi
) no matching Received Power = So
v Noise level = No
(can be measured without transmitter)
S yer
Transmitter analyzer

Antenna with

Non-foster matching Received Power = 1

Noise level = N1
(can be measured without transmitter)
Spectrum
analyzer

Linvill NIC network

(Non-foster element)

I8 9 415 of FSH e 54 g dYL.
Fig. 9 Description of signal-to-noise ratio improvement
measurement.

O8] 102 s of TeH e 58 849 ARKlolt
Non-FosterS|2E &t 41§ 7HA9] Smot Ehlst LO|RE F
S5t &-ot] flsi Eulo FHIskolA SESHAL /44
7] 219 Agle R I3 Aok QLS SEEE Al
ot Fo) Azl 45 mZ SHGIROH, 41719 £82 5dBm
OF E4lolitt. AHER 24719 E<L Resolution Bandwidth
g FOigt 0] &S o] -100 dBmo] HE=E sl ZuE
S5k

FM antenna FM antenna
(with/without (Tx)
Non-foster)

Signal generator
And
Spectrumanalyzer

Bias for
Non-foster
circuit

*Input power : 5dBm

J9 10 Az o e e S8

Fig. 10 Measurement setting of signal-to-noise ratio

improvement.

Z8% SNR.Q Zit= J" 113 2T} JeiZolMdz: 891
g 4+ A%0] Non-Foster e Sl QHEILIS] WAL £=410]
MAE Fa e UodE didE ez As o) Zau7 /A



stolst

S gl £ 9lom, Y 7 dB AEQ AT of &SH] A
£ HYg SoIg 4= Qrh wtA] QLIS Non-foster Z§t
CHEILIY] Al o &SHl JRAL ZHEQ BAE0] ASE
Qg &= QIrt Lt thy ¥ EEolA SNRO] HAEA] Z=
Aao]37F UeEhb=E, ol 329 714 HEojA] 7|98t Ao
2 Ho, & ¢ B A+E Sof hdsior & FEojth. Od
ol 275l 40~200 MHz AlOlQ] 2 740l W& thelofAl
SNRO] gtEe & 4= Utk

1o o K o
ol b

10

SNR improvement (dB)

0 40 80 120 160 200
Frequency (MHz)
3" 11 Non-Foster S|2& 0|88t FM QHEIUY As of &S
Hl 7AAE 58 23t
Fig. 11 Measurement result of signal-to-noise ratio impro-
vement of FM antenna using Non-Foster circuit

4.8 B
B2 =Fojkl= Non-Foster S|Z& O]&%H OHHLIO Y F
o CHLEel AlE o FEH KA 2] BAE AdEe Sl
Fotal, 1 dE EeIth A8 23 Non-Foster 328
ol CHEHUE iy g 49 8 Y HolAle tAZ
S O FSH9 JhMo] Ylge Eolgh = QU 2 A Et
EE 8% Non-Foster 3|2& 0|83t CHH|LIC & 74
Ae o FeHI9 AXE AEE Ed Non-Foster B8 g
gt 7tsd ZAoE HoH, B dATolA AAls A
23l0] Cherst HEjQ] Non-Foster A8E SAK}
718 = Qe ZoE Z|tjdct

& > iz Sy omo
&
o o=
, oo o
fol
o M [:LS 4

%
or
o
0

aAe 2
This research was supported by the Basic Science
Research Program through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education,
Science and Technology (NRF-2015R1D1A1A02061454) and
by the Info-Communication & Broadcasting Technology

Research Program through the Ministry of Science, ICT
and Future Planning (No. 2014-044-047-001).

Non-Foster 2|25 0|&%t FM ool A5 of X3H| 2|M

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

Trans. KIEE. Vol. 65, No. 2, FEB, 2016

References

RongLin Li, Bo Pan, J. Laskar, M. M. Tentzeris, “A
compact broadband planar antenna for GPS, DCS-1800,
IMT-2000, and WLAN applications”, IEEE Antennas
and Wireless Propagation Lett. vol. 6, pp. 25-27, July
2007.

C. Rowell and E. Y. Lam, “Multiple frequency band
and high isolation mobile device antennas using a
capacitive [EEE Trans. on
Propagation vol. 60, no. 8, pp. 3576-3582, July 2012.
H. A Wheeler,
antennas’, Proceedings of the IRE vol. 35, no. 12, pp.
1479-1484, Dec 1947.

R. M. Fano, “Theoretical limitations on the broadband
matching of arbitrary impedances’, of the
Franklin Institute vol. 249, no. 1, pp. 57-83, Jan. 1950.
Hongjong Park, Sangho Lee,

slot”, Antennas and

“Fundamental limitations of small

Journal

Sunghwan Park and
Youngwoo Kwon, “Negative Impedance Converter IC
Matching”,
Electromagnetic Engineering Society vol. 26, no. 3, pp.
283-291, Mar. 2015.

Hyemin

for Non-Foster The Journal of Korea

“NIC-Based

Resistively

Yang and Kangwook Kim,

Non-Foster Impedance Matching of a
Loaded Vee Dipole Antenna’. The Journal of Korea
Electromagnetic Engineering Society vol. 26, no. 7, pp.
597-605, July 2015.

R. M. Foster, Bell System
Technical Journal vol. 3, no. 2, pp. 259-267, April 1924.
J. G. Linvill, “Transistor negative-impedance converters”.
Proceedings of the IRE vol. 6, no. 41 pp. 725-729, June

1953.

“A reactance theorem”,

H & 2 (Hongwoo Park)
1991 49 3094, 2014d AE0Istw A
g EUEs SAh. 2014 3~
AEgiga dr12e AAE we &,
Tel. : 053-950-5601
Email : pjw33223@gmail.com

333



HM7|&s =g X 65 25 20164 2

Z & 9 (Sungtek Kahng)
20004 2¢ stthstn AAESAEs &
Q(ZSH HEAD. 2000. 3~2004. 2 SHEAR}
SANTY  SAEMNEAY AJAATH.
2004 ~SA QIEthstnl FREAIZSHT ul
42007~ S WA AR
2007 ~§x) St=EAISIS] mfoja2a U A
AT AAE, sh=EAtrsts] HEOIAL =AOIAL 2014
12 tisbR7|818] stedt @A E MAN Bop). 2015.
3~8x tistR7|hs] SholAL
[FFHAE0H A A A 2 28, EMI/EMC thd, =
AFD BE 9 oL A, HEREATR o2 H 88
Tel : 032-835-8288
Email : s-kahng@inu.ac.kr

0|

Z & # (Hongjoon Kim)
19724 102 494, 1997¢ FEOig D &Y
Z8hl EY. 1999 University of Southern
California A715stat EY(ZSF AAD. 2006
H University of Wisconsin-Madison &7|
et £ (ISHEAD. 2006. 9~2011. 2
D)=+ City University of New York Zul<.
2011. 3~SA) ZEtisty ™7|1Zsh Rl
Tel : 053-950-5601
Fax : 053-950-6600
E-mail : hongjoon@knu.ac.kr

334



