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Abstract

In order to make the user more convenient to lock the automobile, this paper designs an NFC an-
tenna based on NFC technology and principle for the automobile entry system under the door
handle environment. HFSS software is used to complete the model design of the NFC antenna, and
the effects of antenna area, wire width, wire spacing, and dielectric plate thickness on the antenna
equivalent inductance value are simulated and analyzed. The results show that a larger coil area,
smaller wire width and wire spacing can effectively improve the antenna equivalent inductance
value, while the thickness of the dielectric plate has little effect on the equivalent inductance value.
The selection should be based on the simulation value. Then the impedance-matching design of

XEEIH: AE, RIER. mEIKEIENR NFC RERITD]. B 515, 2024, 13(3): 2056-2068.
DOI: 10.12677/mo0s.2024.133189


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2024.133189
https://doi.org/10.12677/mos.2024.133189
https://www.hanspub.org/

R, FRIRAR

the antenna circuit is completed based on the Smith tool. The calculated matching parameters are
brought back to the model for simulation, and the return loss and voltage standing wave ratio of
the antenna after matching are evaluated. The results show that the NFC antenna designed in this
paper has a high matching degree, low reflection loss and good performance.
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1. 5|15

BEEVRE “HIUL” [URRIE, REFRMIES DI MARE AL, MR R IE 20Uk 2
21 AW TEEHRLRE N K 5 B (Passive Entry Passive Start, PEPS) R245[3] [4] [5], 244> LAz iR
(Near Field Communication, NFC)# A [6] [7]. K II#E# 7 (Bluetooth Low Energy BLE)$Z A [8] [9]FHkH ¥ Hy
(Ultra Wideband, WUB)# R[10] [11] 8 F R A PR A o B PIRBIAR DL AR, M8 T A F
MLERH 2 AE R ¥ 4 SR R i P FHAIEIE IS, SCPL T 8 Re BH Lo 5 R 3R o 2 [) D@ R, AR ]
DA —3BFAUE AT R BR EFEA TR B WA RS . o NFC HARME N — B E R AR AR
H LM . H, NFC HEARM &A@ AL, 10 cm [ TAFEE B 45 NFC £H RUL7E (56 H I 4 53
Wy B AR A3 BRI FLR, NFC BEARBEARBE A HESE [T 50, TR R AR, I B A0E eV el HAR €
)5 NFC HiAR TR, S8 A 5 AR A B v R G 38 R 3 v DASE IR SRR U s BIETEFHLC
MU L N L RETF IR VR 2R T 18

ZE LR, A VR EEA T GERE H — Rl T NFC BARIVRZE T THEF R& % it, FIF HFSS #4:
XfNFC REFATEBSG(iH, JFa@d FIHFE. BRI, 7 rtEx REMERIAT LAV .

2. ETF HFSS B NFC X&&i&it
2.1.NFC R T{ERE

JHH NFC RGHIE R W& S RSB &ILFA R, —#FWHHESE NFC KL HIE 13.56 MHz /il
BN AR il 1 R, 24 NFC RGTTUA TAERS, 2R ki R 2 AN Wikt m) S50 % S5 G o 25 5
WHHAH NFC RERI R BUE PR 2 eI R4 1 AR RE B, P92 10 2k Bl a il rE G R A 1R X7 2E 2 8
I RE B AR SRR FL IR, OIS R IR 2R B8 T B e HF G TAE, S R2BHR B RR R4 )G, st ik
KRGt A S B gD UK [ -RPR A R 52, AT SE IR 1R (9 £4 41

AP TIEF REJE TE R RL, H P EH NFC FHLEE NFC 5 & 72 10T X ddh 47 il
AR AT ST B RE

2.2. NFC R&iZitER

NFC REMZRAE 13.56 MHz SR K TAF, METLGuRL&IN = TARmEHEAE, w2l s &
(K77 A AR 5 IR RE NFC RZGY — Rl e 2k Bl . RALM G 2 B RANFIES B E 24 [
BUFE FIABEPL. Mot RETTREL M. ERTHREN & EE S AT LT KGR RLMESR, 1F
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Figure 1. Working principle of NFC system
El 1. NFC R TIERIZE

KRGH, REFEWPZEERFEIHEFAREEERN T, BT/RE, FIbHESHEEITR
LIRS, DFFETTHEF AR, R R RERIMEREZEIK . AR NFC [ THET R R & Btk
~F:

(1) NFC I LAEAZ Y 13.56 MHz;

(2) REAAR T 21 THET- P8 90 mm x 18 mm 7% [A] {1 ] ;

(3) REIMEFMHIBMELET 1 uH [12];

(4) WHEGHBITILAC B, R EESFENT-10dB, HHEEER IR 1.

3. BF HFSS X% %3t
3.1. HEENGH

TEABET T, AR BT KI5 H PCB AR IR P B NK 90 mm, 58 18 mm, KL L5
JGFEE K 80 mm, 98 17 mm. Wikl 2 frs, B2 B KA 5850 il O L5 Ly, BT RS EL
BRI X w 5 s, BUEWE N H. Input 5 Gnd AR KL HI A S, 72 Input 3% 5 Gnd 3%
BT R LR E R T .

AR, B8 NFC REGEL NER P T FAM, WEDRENWNARFKM, TAERNA
500 mm x 500 mm x 500 mm, ¢ BRI RLEH 7B AEIERAR, B FR-4, i HBHBUE 2 N 50 Q.

3.2. REGHISH X FHEBREAIRM

REHI R HREAHIVERE A RIIEASCNE, WR R RSBt /s, B4 RER 553 R
B e Rz, REGHIRST B R IR 2 AE RO E A, (HR 2N 52 ILRCH) A E, 1R
VLBC¥THAEE[18]. BTy, HELEEHBRALHILGH T REHUBME RN R R LS A Bk .

HSE, ATWHIRRARBMES TAEMFEZ PR R 2L mm, wilmm, s ylmm, HJN
1.6 mm, FFRFARTE Y 5~20 MHz I, R SERHBYE S5 IR 2R R UK 3 .
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Figure 2. NFC antenna model
2. NFC ReA=Hl
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Figure 3. Curve of antenna equivalent inductance value and frequency

B 3. REFWAERESINERKXRIL

I EERE, O REHERRBME SR RIEME KRR, BE TIEMEMIER, KRGS
AWK, £ TAEHR 13.56 MHz T, RS0 BH N 0.6267 pH.

BB, ARTIE AR B SR B KL L AR R 2w o 1 mm, sy 1 mm, H N 1.6 mm K,
LR PR K Ly AR AT LR 75~85 mm, R 45 A U 5 2R BB K3 L AR A R R 4 Fiow .

I EE R, 2R T AR R LR SR R BA R AR, B R B IEAR OO, MR Lx
BRI R, RSB MBI R, JF B4 L AUS 5O ME 85 mm I, 45 285 i B i
KAH 0.6563 pH. A T ORIUE R TERE, JFR W REHEL T HARE, ASCKRH Ly =85 mm.

B, R RORE IR S LB R w Z AR R 4 LN 80 mm, sy 1mm, HH 1.6 mm
I, ZRIBIM LR T8 B w RS A 0.5~1 mm, R 28 1 25 35k r R AR 5 2 BBl ) A 2R W FE w TR AR 4k o R
5 f7R e
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Figure 4. Curve of antenna equivalent inductance value and L,
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Figure 5. Curve of antenna equivalent inductance value and w

Bl 5 R&EFYWERESELTEEXFRIML

L TR, 2R R TE L w o R SR R EOR, IF R BLH UG K R fEAEL
FEREM 0.5 mm HERFE] 1 mm B R, REMISERHRBYEZ DN, 2B EL T w oy 1.5 mm 45
ROBAE A T B /IME 0.5656 uH, 7E w2y 0.5 mm I &8 R0 E HAS T KB 0.9336 uH. A 1 fRIER
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LerERE, IERARSERCEBMEIRIT BT AARE, ASCRRH w=0.5mm.
F0Y, AT TR B S 2R B E LR A BE s Z AR & . 24 Ly 80 mm, w iy 1mm, HJy 1.6 mm
I, LRI RIFELRIAlRE s ML TE DY 0.5~1 mm, RER SRR REL S 20 BBl B 2R IRV EE s AR 10 5% AR i 2k

Wk 6 Firs.
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Figure 6. Curve of antenna equivalent inductance value and s

6. REFHBERESELEBEXRIMLZL

M R, ZRRERELRIAIEE s TR 2RISR H B AR ORI HL R IR DG . FERE R TH]
P s AL 0.5 mm HRE| 1 mm B REF, REMEZRBMEZ PN, FEHAE s 1.5 mm B SERHURE
HUE B /MA 0.527 pH, 7E s 2 0.5 mm B85 R0 FRUBE B R e K fH 0.7163 pH. 9 T IRIERZRIITERE, JFibk
LR E T BT HARME,  SCAKESREL s = 0.5mm.

G, AT ARRE B SN AREE H ZHBIK R 24 LA 80 mm, w2y 1 mm, s 24 1 mm K,

N RAUEE H FARAGTE DR 1~2 mm, RS RHURAE 5 A R B H 38 Rl 7 firs .

B R, A AR B H AR R 5 A BB s i, RILH ARSI R, U RS H
1 mm BERE] 2 mm FERE A, ZERFBMEAE H N 1.2 mm B EAS B K MH 0.6315 uH, 7E H A 2 mm Hf
A3 5t/ ME 0.6121 pH . ASSCN T 5 2R RIARGE F2 758, JEEL T PCB % WLIWEE, RIHCH = 1.6 mm.

ZE LRTIR, ASCATEH NFC RS NS Hfe N, KL 85 mm, ZkREI4ELN 17 mm,
LR B LR TE N 0.5 mm, FELEIFEA 0.5 mm, A FARZEA 1.6 mm, [HECH 3 M. ¥ FikSEE Bt
REGHATEAE, 223 77 B4 21 45 K 503 I 1R R 2 S5 88 i B S5 A0 1R o8 R N 41 8 P

Sk SISO S, H AT R 2R S5 R B A AT LUA $ 0.9871 uH, X AME L& AR H 2L H AR THA 1 pH,
J& SCEARSE X AMEAE A TR, 3T 5 SCRIVCEC B T 57

3.3. LECHE I

BHITULHEC A H &0 1 S U AR B b fi K DD AR AR St VERE o 24 R R A0 A A\ Rt i 1 )
BHPLS M2k MG A LR, 2 SBUE SR, SR ESRERETEEEtmIIR& b, &
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M HFSS A 3R15 1) Smith [R]_E, 0 L R 2614 2 5 R A i BT 7E 1 O ARA A B, R bR
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Figure 7. Curve of antenna equivalent inductance value and H
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Figure 8. Curve of improved antenna equivalent inductance value and frequency
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Figure 9. Antenna matching circuit

& 9. REILECERER

[ Name | Freq | Ang | Mag | RX | Terminal S Parameter Chart 1 HFSSDesign1 4
[ ml [13.5600(61.4659]0.9997/0.0007 + 1.6820i] 100 O sl
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Figure 10. Smith chart of antenna self-resonance
10. RZ& Bi&#x Smith El[E
A VAL IR 50 Q I, HE 10 AT AN
Z =0.0007 + j1.6820 (1)
D 2R 256 4 4 R BEL S -
R, =ra(Z)x50=0.0007x50 = 0.035 Q2 )

iy GV I DN R AN D)o R R AT K IE

B im(Z) _1.6820x50
0] 2xmx13.56

L

=0.98708 uH 3)

m
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S S SRR RIS B LA, BVE S Bt A .
A E R I Q = 10, 842 FEATIG T Fa im0 R 35K Fb BEL BEL (B0 TR 9 1 3 2 3 B34S

X
Q = 4)

Horb X ONPFrs i R, RIE— R BT R AR 5y R O BRI e i s o () e L PRLAE, B
R=R, +R, . KAN(L)5ARQ)FHHBAENRN2 N, (HA]3RAG F UL HC A HUBHAE, B
R @k g _1682x50
Q
fEr B Smith BB TH AT, w0 11 o, fERE L Smith [5ES £U5 # S5 IR ZE E Ry (0 8.4 Q
FIPER A, HRHE t 8.4 Q P45 HiBHIE 5 50 Q S BHIEIIAC i, € R IFERIM LA CofiEh
82.1 pF, e igft 13 45 FhL BB 5 20 P L2 () A2 s A ) ER KL Co OB 59.4 pF, W1 12 P

~0.035=8.3750 ()

Figure 11. Impedance matching
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Figure 12. The calculated results of impedance matching
12. PR RE

4. REMEREVTN
W 13 PR, R AT S TS A L % S BB AN R AR R ) B 8 o3 5, mT RAAE B 017 32050 B
B RLVEREBEAT YA, T EAHE Smith B, [BIJAFE S RSB EL .

0 4 8 (mm)

Figure 13. Adding matching components to antenna model
B 13, A LA T

4.1. CERAY Smith

Hil 14 W, RELMIL T2 G, FHPTIEZ™ 4 T2, i TAESUREEL i i PR, KRR
fHZE4 0.0436. ZiZZMEB/NT, FoR REMIET 76 4 ILRC .

4.2. BIRIRFE
SN FHOE SON T IS AN 3 I (I E AR, B RIB A K(6) -
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Name | Freq | Ang | Mag RX Terminal S Parameter Chart 1 -
m1_[13.5600|39.4492(0.1403]1.2208 + 0.2221i 100 2 e 80

180§ 0
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Figure 14. Smith chart after matching
14. LELFERY Smith
F:Vinc — ZL_ZO (6)
Vref ZL + Z0
Sy, =—20log(|r) W

Hrh Zo AR GHIEHYT, Z Mo RGr) BT, TR RE R ARGV HSTS 7 PR PSR R, AP
RGN T e A ULER, AR5 iR B B 3 e A, I A REUE N 0.
(I HRFE E SO R A TR LE, 0L dB &R, WAR(T). —MERFT &KL
I AR FE BN T 10 dB, B2 30% M55, JT HFSS S-S B R LR [R5 RE i 2 an ] 15 FioR .
BT, RRIA R ARSI 13.56MHz I, [RI 5 FER% £2-24.9dB, -10dB LA T (1945 24T 56
0.86MHz, FFAAIK NFC KLZEHI#iTHEK,

4.3 BEHKE

PRI 0 B8 SOOI MR R IR AT AR A LB, He i s A 50(8) - FUIRBE I HL A AR AL Vi [ 2
1 Fl+oo, EFERILEKPRET, RITERG KR, MREEREY 1o BUE BT BOS 24 fRAE AR R 7T
REFZIE 1o 01 16 Fira, AR HFSS i 50, st iR 4 i IR BE B LR 1.1208, 12k T BU/D IR R .

®)

m
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Figure 15. Curve of antenna return loss

15, REHIELRARFEMLE
HEL s B 5 L o 2%

80 T T T
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Figure 16. Curve of antenna voltage standing wave ratio

16. RECHIEERIEN EL %

PLESRERH], RESTHLRAFIIAPILE, PEREILR. RETAREAE 13.56 MHz SR, Bl ARFEA!
—10 dB 7 %5 AR5 A2 NFC JH{E oot Rk e EOK, BRI EL R KR 1 R R UL BC LB R4, IA BT HE A
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5. B4

IN=A

ASCH AV EEREATRE, Wik —F A TRET BTSN I NFC KR4k, BT HFSS FAFFERL T 5]
EF R, i i R SERORIRER H T LT 4

(1) RE&LH, HIRLR AR, REVFSEROIRER; B 0ELT K, REMER
HUBRE R/ 2RI LR IRIBE R R, RS R HBE R/ o AR T i e T 26 K 85 mm &5
17 mm, ELLEE R 05 mm, ELZIEE N 0.5 mm.

(2) AR R 5 R 2 F R S I AR 2R M G R, FEVCTEI BERT DU 8 L AR SR, Rk 4
LRAIBRERCOR A . AR T 1.6 mm 1R B .

(3) AVRBEIT R LR 25 3% B BHAE A 987 nH, £ NCF3320 (1)1 [X 8] ; F 28 (1 0]y 45166 —24.9 dB
/N F-10 dB, HURERUDN; HURGEECA 11208, VCRCFEEER R . 28 AR, ARUR LR K LS L i 1)
BB -

JE BERT LASE R LA e 28 Bl [T 00T IR 2 S5 280 L BB (1 520 2% FEAE PN 5 FEDUIC HL R R i i A2 v
F 18 EMC UV Z0T R A AMERE ISR, L4 FL07 52 i 5E 8 B . AE VPN AR bR J7 TS N3 3 PRI G 37 43 A 19 D
F37 58 2= R A IE R 2R BETH & B

B oW

TR A e 5K TN A I T SCRE IR T S8 S 3 B AN 3, AT AR T, Fh LAE 0T
TREITEV IR T A T

S 3k

[1] FREE, K, 2 CA. FrPUIk(ACES)W i BVAZE P A B BE M2 A AT 78— — 2 VR4 5 T UL ) i e ka3 oy
BT[], Lok ARA1H, 2023, 10(4): 35-44.

[2] R3E HEPR: AR 7= R TSR, 2017(2): 98-99

[8] ZRIE. RHEIHLIN—E shizi R 7 [D]: [l 22008 3C]. M o R T 555, 2018.

[4] E#. HELHBEN R 7 Z&H[D]: [Wl2AA0e 3] Kb WiFg K%, 2014,

[5] 5KBEAS. 54 PEPS LML RGL MW TH 5 SLELD]: (L& Anie ] Lifg: LIgRTiE K, 2014,

[6] WA, BRBER, BEZE NFC BATER B FAIRMNERS NN EAVKZE, 2019(4): 37-38.

[7] ¥rHfasE. NFC HRTER BEFHLH BT FL[I]. @I, 2018(7): 81-82.

[8] Francesco, B., Annalisa, L., Rosario, M.L.S., et al. (2022) An Improved Method Based on Bluetooth Low-Energy
Fingerprinting for the Implementation of PEPS System. Sensors, 22, 9615.

[9] Wang, S.S., et al. (2018) A BLE-Based Pedestrian Navigation System for Car Searching in Indoor Parking Garages.
Sensors, 18, Article 1442.

[10] el LA RGFIHSR, BT EORRINE GEEN RG] VR4 SR, 2020(17): 48-49.

[11] Y, YEFk. 0 5w iEE K RIUIR S AR E, 2023(17): 10-12.

[12] kA, FZME, FKNI, 25 NFC HiAREHEE & MNA]. RBHER, 2019(5): 69-70.

[13]  XERAE, BT 5 BOoR (8 RS T8 R ST [D]: [k 2 A 0], m st m a3 K%, 2021,

DOI: 10.12677/mos.2024.133189 2068 jé

m

S


https://doi.org/10.12677/mos.2024.133189

	面向汽车进入的NFC天线设计
	摘  要
	关键词
	NFC Antenna Design for Automobile Entry
	Abstract
	Keywords
	1. 引言
	2. 基于HFSS的NFC天线设计
	2.1. NFC系统工作原理
	2.2. NFC天线设计要求

	3. 基于HFSS的天线设计
	3.1. 模型设计
	3.2. 天线结构参数对等效电感值的影响
	3.3. 匹配电路设计

	4. 天线性能评价
	4.1. 匹配后的Smith圆图
	4.2. 回波损耗
	4.3. 电压驻波比

	5. 总结
	致  谢
	参考文献

