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Abstract

In this paper, a kind of RFID reader antenna, which is based on the fractal structures, is designed
to work in UHF band. The antenna works in China’s RFID standard frequency band (920 MHz - 925
MHz). The antenna is designed in microstrip patch, using FR-4 material as substrate, and it is fed
with the commonly used 50 Q coaxial line to form a good impedance match. Two types of the frac-
tal structure, Minkowski and Koch, are used in the design of the antenna to achieve the miniaturi-
zation of the target antenna with the volume of 100 x 100 x 1.6 mm3. The measured results of the
proposed antenna are matched very well with the numerical simulation results. The antenna’s
impedance bandwidth (S11 < -10 dB) is 11 MHz and the bandwidth of the voltage standing wave
ratio (VSWR < 2) is 13 MHz, which covered the UHF RFID standard band.
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(920 MHz~925 MHz). RZEZEMHUAFR-4MEAZRE, RAMTIEF AR AR, BHENK50 QFH
RXITREHAT R, SREERRIFHBEPICER. RERTHZSF RN RA T KRB EARHEE R 5
M, T T BRREHR/MM, HR~1H100 x 100 x 1.6 mm3. RELMERFH, HizREHEE
15 B4 5 S22 R A4, SEMIFE L 9% (S11 < -10 dB)A11 MHz, BEi L #5 35 (VSWR < 2)413 MHz,
Jt BB 25 T UHF RFIDFRHESER o

K §Eia
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1. 3]

RFID (Radio Frequency Identification), B JCZitAiRmIbRES, & —FhEf N iEEHoR, il d
A2 ) AR 3R S BUE B IAE I, A TS HER, RFID BA Hmmfaet:, BHOmfEimsE s bl L E
KIME B2 & . RFID B4 e85 b T8 S5 ih i AR 28 04T 00, I HL RIS P, Tz BT
7 IR HENEE AR PR ISR AT 1] RFID AR TEZRAC A R, I8 2R B m i et . Ho,
PR R LR RN 15 4 R 238 7 Sl R AR A B2 IS BB S R0 R S BE (AR P, X e PR 3R % R -4 1 T ™A% 1)
TR, HHTX RFID KL AT 5 B A e BT 90 R 2R 45 M AR B R 3R KRR MR Re i sm . ML F,
W TS5 5 7E m AR B A fnid R b, AR4REE B, K UHF #5BCH) RFID N 43275k, [F%% UHF #iB
RFID KL BB KWL TR R s 2 —

T IS PR R EAR, T IAREMMEESEE A, NEER M E T & A6
55 H ¥ RFID #3iE¢, 463624 902 MHz~928 MHz, BX#H A 865 MHz~868 MHz, H 4/ 952 MHz~957.6 MHz
(2] MR HE b AA 1) B Kb, UHF ARBE RFID B HAR{SE AR 840 MHz~845 MHz Al 920 MHz~925
MHz. B IXEFRAERIWAL, 15— 2 XA RFID B4 il FAGE, £ — 2R ERRR T BRI
AR 3

Rt RFID R4 EBH RSy, K TAENRRE |84 RFID RS LAEMA, ik — 3Rl
TR R Z 0 B RFID RGP RE ™ AE 28 OC B2 0 . 72 20 I3 B F . 25K RFID #E4 HI(E
WVEELGF, Sk RFID REEWMESRRATREM/NEME, I H 5 THEMBI & . 7RSSR 1) A 2 Al B
M, NIRRT = AT B R 9 L2 M LR e, B AR R S ERSL FH B B A Y2 W UHF AREE
RFID F4t IE BN A ISR L 808 — . BT RAA SR 1) UHF S RFID RERSHEOR, A
TSR R R T B, AR SRS AT T UHF JiE: RFID RN HAR, 015 M ok 9 Fl 43
TEGE R (I3 P] KA By TR FIRHR 7 T &5 B fE— ik, N E] RFID RESMRIET 2, MiiA Bk |
RFID RZ&/NEATIE . 74b, N7 8 RFID K45 THEMAM T, I HikBIBRACHIESRAR B if, &
SCHTHF RFID B8 R AR 1Ay I stk 77 %6, BA FR-4 MBME R R TR, RAEA T 50 Q
[N Ze AT 15, W2 T TR S /N BRI e R, I HOH ARSI T RFID P 223K i) [ SXbR AR
B%(920 MHz~925 MHz).
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2. REERVETT
2.1. RER/NEML

FERRMIRE R SE L, AR R/NRAE —FhiEss, fESCOLRRE B mPE BRI R, R AT b4
IR LG RT, R BRI 7> REHI N 37 &, JF HAEAS RERENS SE N7 [ SR s B R G Bl 4
BEAh, BN T REH/NRAL, A BT sk Ji B PR BE0) T T 2 0 4 Bt PRS2

TAFT UHF BB R R, MR g iy, X R E d S RO e mie 1, PRI R EAR %
PR RS, FERST L TARBARKIH 2y, ARSI, 7 A W PR A HL R ) R e BT it R
RO, RGBS . REI TARR KA 5 HAFUA R, /i B9 5T RE S A R4 R R R 1) AR i
Ko MMTZE N REREEAR RS, DR s HU R i A o ot RE NI R 2 — o RN RAL
BARIEOAE RN RIETTRE (R HA)SE, X LT iR e L3 a1k F s i) o Al s LB AR, A
T AR R LR RIS RS, 17 503 R R R RT3

WETEN GO R EG /N AL Sl 7 KB TAR,  SCRR[4] Bt AR R ER ) 7 i in 7 RE6H) T
PR, SR B0 R BRI B T 25 9T AR AR (K N BUL R AR, A RZR B R RS2 70 % 70 x 25 mm?®, {H
HI T RENR= 45, HIEEEOR, IS R IR A frclodt s SCERS 1A R ZAH BUR Ak 200y
AL, SEEL T RZ ST BB, JF HORZR MRS ST AR RPN I AL 2 T A AR, BRAR T
RGBT, IR T REIIRST S SRR R S i3t Tk, AR RSN 100 x 100 x
22.9 mm’, FHRLEMBABECAE A, SFHIVERS RIS 25 A 5 2R SCHR[6]/E BTG R ek
T T 5 A, SCBL 7 REMDBUI T AR VLR AR, I FLREAR 1 REGRST S A K/ 200 x 200
x 1.524 mm’, ZRENMREBUF HAE— @R Bl 7 /NRAL, ERST A HAb 598 HL AR T R 2R 11 5
FERE L BOREG R SCRR[71800H T — 3K TR TR RN AL R £, I HR AR IR L se Bl e f, R
ZRF 54 % 54 x 1.6 mm’, ZRLEFMEFHNERUR, A RLH AR FRSEOSHIE R B . 5
T ERE t, IR R SRR RES SEELR LR /N AL, DR AR SR i 20 T S M BT — i 2
EORMNEALRER

2.2. REREMET

AR MR LSRR o TS AT HAL, I FLk BIARRR AR 1 H 0,
B PR TR R G A e, 52— W T S HE(Minkowski) 5T FT— B RH (Koch) 5% 1%
WA T SR ] 1 R

O 1B
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Figure 1. Fractal structure, (a) Minkowski; (b) Koch
E 1. HRERTEE, ( HAXHESE; Ob) Bk
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REGHIREARZERI AN ] 2 FToR o B0 T B 4 A A 500 1 783 A AR i AR A B H(FR-4) 78 L iR v L s A
HHZ TSI, BABAL, Ak, RA FR-4 VEAHIVE RGN TR, BRIC T RERI A . EARTHIR
it SRABGEMS A dit %, HRZ R L2 SR 2o adE, A3 Ao FR-4, H
FHXF A B B ARFEM IEVI A2 AN: & =4.4,tand =0.02 [8]o N TSI RLN/NIAL, R 5 ERE

ARG Fr TR EE AL
2 [——>Y
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=

[
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Figure 2. Schematic diagram of the designed antenna, (a) Top view; (b) Front view

B 2. REEHREE, () HIRE; Ob) FIE

RSN 3~ IR, [ 3 AE M RR R, JUBRNIE T, %Kk
Fly 30 K TR AR A SR B A R [

W=c/(2f,\/§) (1)

He ARG TAEIR, & NREN TR A BER, c NESTIREE, W ARKETE
SN S . I X R MR T, K IETTE SR S0 4 NNETTTE, BTt
B0 3(b)Frow, PRl RHiE—B 70 iz 2090 & B b, BIFERR % N &8k — NS =M,
WKNFERBK R 173, W 3 fim. N T BRIERERERMER, Uil P g R LR, FHEH
RGN IR A BRI 4 NETEAE, BTEAE KRS . AR S L IR O A S
A 2= ST B, WO P A B S5 A il 2 LU 380k 201, e AR I R an 1] 3(d) B, B H FR K 2 10 5 54
He, Hh XOY 55— SR A E ) AR B (M, Mo [ 3 B a4 T B ] RO T R 4R
wH IR, W 3R, ERLEHRIHIREF S REMIMEREST OB E T — T P H. Rk
oA N LR BT 50 Q, AT AU/ XOY AL AL R (L, L), 24 50 Q [RIFZR e, MZkhEs 5
RERTE B R U (I BT -
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Figure 3. Schematic diagram of antenna structure design process, (a) Ant.1; (b) Ant.2; (c) Ant.3; (d) Ant.4; (e) Ant.5
B 3. REEWOTEIRTREE, () R&1; (b) REK2; (o) REK3; (d) RE4; (o) REKS

3. REMESERESTNBHEI LS4
3.1. REHMEHSBIRILS R

FERELH A P SRR, REM ORI A 1K) 58 52 R A5 b s A B0 R 2 1 A 1k e 2 i L A
Ko IE A Bh = 4k HLRE 0 BB AF HESS X R RIS ARG A S8 W LR i AR AR AR B L AT S 4K
i, AR EEERES P, AF SR, R SEIREAL, SHEMERIE 4
e MIE 4(@)FTEAEH, HEE L=6mm i, FEE W KSR, RENERBF AW, If HAFE R
N W AR RE TARAE IR A, W IR R T AR AR (R LUK, A k32w BT e3e K
LRI LAESE . K 4(b) TR, M4[EE W= 58 mm B, B L 103K, REULRS 2R UF AR 22,
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Figure 4. Scanning chart of antenna structural parameters, (a) Change # when L =6 mm; (b) Change L when =58 mm
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T %

R REBTHERE LA BORZ (K 3) I AR A 585 W 98009 58 mm,  EIK 3 RAFULACI % R 24
(S R B AT 5 s, BT 2RO LS 3 AR e . KL 5 iTRAR Y, AERINAE 2
W(RE 1), REHIEIRMRE S, B9 B PR TR (RE 2), REFEIRIR U] 5 IS,
FEMEERY b SIN— B TR ER 3), REAIE IR R e A W] 25038, (ER R DL BC FE AR AR b
RE 3 BIRE 4 (HARRE) KR RAERE 3 HFEAl EXIIN T 4 MaTEAE, MIE S bl A, STRAE R
SINBLER AL T R R . MLRE 3 MIRE 5, B E— 3B B 20 B R IF AR B3 R R
LR BRI AN DL ECE , PRI A — 2 TR B B 5 vt AN RE R B e R 2 kg . 5 b, AP A2y
T HABBCVA RSSO B, T DA RO R RT DU e BT UL e %

S11 (dB)
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Figure 5. Reflection coefficient of each antenna in the design stage when fixed ' =58 mm
5. BE w=>58 mm B, &I ER&ERLENR G RE
IR LT S ATl A, 4k85E  HFSS X REGHEAT AL BT, 35T i 12 R 2k e A 45 44 25 B0 )
Pl % 1 & T e i ot R LS AR B S A

Table 1. Optimal value of antenna structural variables

F 1. REGHTENRIME

AR D /4 H rl 2 L M

{H/mm 100 58 1.6 8 7 6 11

3.2. REAIHBHERMIALER

REHREZPUIN T HiE, Hsehunlsl o fron. A %L ES071C REMZ DTG 7L RL
¥ B S 2 (ST AL B BE 7 EE(VSWR), - SR e 017 FL o A AR Bt i 73T b, s 7 s AL 7 19
XSS R AT LA Y, Sl 8 5 0 B BT 45 SR ALY &, RERI S BT 98 (S11 < —10 dB)A 11 MHz,
BEPLLAT 98 (VSWR < 2)04 13 MHz, J H 520 I £k 1 A5 00 B e 9% 7 o 199 82 A0 e v 00 B 9 [ (920
MHz~925 MHz), &3] 7 FUHKIBEHER . [ 7 op Sl i R 26 B S5 28 K ol 0 Rz B i 2 A0 EE 07 504
Ry WA SO A WA, KRBT INTREGR, B TEEVEE, RN A A B
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Figure 6. Picture of the proposed antenna, (a) Positive; (b) Negative
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Figure 7. Comparison of the simulation results and the measurement data of the antenna, (a) Reflection coefficient; (b) VSWR
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Figure 8. Antenna radiation pattern, (a) 3-D pattern; (a) XOZ plane; (b) YOZ plane
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TEfR B 3s, REMEHERRTE 26 pT o TAESE, 1M B 2 TEEME/N Y RFID %45, &K 5 H 1 UHF
B RFID [ 3248 R4k o

Table 2. Comparison of parameters, advantages and disadvantages of the proposed antenna and other literature antennas
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SCilk R R~F/mm TAESRBY/MHz [RSS 7958
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