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Research of production errors' influence
on characteristics of the microstrip antenna

Modern microstrip antennas provide high repeatability of the sizes, low cost, small metal consumption, over-
all dimensions and weight. The main problem of such Microwave technique's production is ensuring the set
accuracy. This article represents the calculations and schemes proving casual deviations of the antenna's ge-
ometrical size from the required settlement. As the program for modeling and calculation of the microstrip
antenna's parameters we used MathCAD. By results of a research it has been proved that the above-stated de-
viations lead to mistakes in distribution of currents on the surface of the antenna and change of its characteris-
tics of radiation.
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Wireless communications play a significant role in our life. They allow to get rid of bulky and expen-
sive cable infrastructure, provide communication channels where laying of cables and other guides of sys-
tems is impossible or inexpedient. Nowadays are the century of rapid development of wireless technologies
access, such as Wi-Fi, networks of cellular communication of the second, third, fourth and, in close prospect,
the fifth generation, networks of satellite communication, radio channels play very significant role in tele-
communications. Besides access for subscribers to networks wireless channels play a role of the main chan-
nels in radio relay and satellite communication. They are used for TV and radio broadcasting and perform
still a number of important functions.

An important role in a wireless communication is played by antenna-feeder devices. Antennas are the
devices transforming the electromagnetic oscillations going from the transmitter to an electromagnetic wave
which extends in space and vice versa, the accepting electromagnetic waves from space and transforming
them to electromagnetic oscillations which are transferred to the receiver. Thanks to the directed properties
of the antenna concentrate energy of electromagnetic waves in the necessary directions that provides increase
in range of transfer and reception at the equal capacities of transfer, and also provide the best electromagnet-
ic compatibility with other send-receive devices. There is a large number of the antennas' kinds which are
characterized by ranges of frequencies, characteristics of an orientation, overall dimensions, etc.

Microstrip antennas are one of the modern kinds of antennas. It is a piece of the microstrip line which is
used as a radiator. Distinctive features of these antennas are their small dimensions, technological effective-
ness of production, narrow-band, small cost. Microstrip antennas are widely used in the aircraft, space
equipment, and also find application as antennas for strengthening of wireless data transmission's some
standarts (for example, Wi-Fi). This type of antennas is applied in the range of ultrahigh frequencies.

The important characteristic of the antenna is extent of its coordination with the line of power. The an-
tenna mismatch with the line leads to increase in energy of the reflected waves and reduction of the antenna's
efficiency. For coordination of the antenna its overall dimensions select such that the active component of
entrance resistance was equal to the wave resistance of the line, and the jet component was equal (or it is
close) to zero.

In the course of mass production errors at production of antennas are possible. Owing to the small size
of radiators and features of waves' radiation in the microwave oven range even the small mistake can lead to
inadmissible deviations of antennas' parameters. For this reason it is necessary to provide high precision of
the antenna's production. However high-precision production is more expensive therefore it is necessary to
select accuracy parameters according to objectives.

We consider a microstrip radiator of rectangular type (Fig. 1). Its length b is 39,09 mm, width a is
37 mm, power point shift from edge of a radiator utp is 6,8 mm. Thickness of a substrate h is 3,1 mm, mate-
rial SAM-ED with relative dielectric permeability €=2,5+0,1, the size of a tangent of dielectric losses
8 =6x10"". This radiator is constructed so it is coordinated with the line with a resistance of 50 Ohms that is
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standard value of wave resistance for the used transmission lines. Entrance resistance of a radiator makes
50,441-0,1731 Ohm at a frequency of 2438 MHz at these sizes. This frequency corresponds to the middle of
the 6th frequency channel of the IEEE 802.11 n. standard's radio interface.
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Figure 1. Microstrip radiator

For determination of entrance resistance of a radiator consider the radiating element's equivalent
scheme. According to this scheme the rectangular radiator is presented by a piece of the equivalent two-wire
line which is loaded on conductivity of face cracks (Fig. 2) [1].

\ 4

b/2

A A

>
>
Y \=

Zu Zup

Figure 2. Equivalent circuit

Data of conductivity are complex. The exciting strip line is presented as the parallel jet resistance and
the ideal transformer. The coefficient of transformation of this transformer is believed equal to unit, and par-
allel reactivity equal to zero. Then the entrance resistance of a radiator will be equal:

Z*Z
Zin = Rin + iXin = 1 : 4 Ohm’ (1)
Z+Z,
where Z, is the entrance resistance of a piece of the two-wire line length of 5/2 —y,, which is loaded on re-
sistance of a face crack of Z.;, Ohm (2); Z, is the entrance resistance of a piece of the equivalent two-wire
line, length of b/2 + y,, loaded on resistance of a face crack of Z,, Ohm (3).
The corresponding resistance are from formulas (2) and (3) [1]:
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where Z, is the wave resistance of the strip line without losses, Ohm; f is a distribution constant quazi-7
waves m—1; y,, is the shift of a point of food of rather average point m; Z, is a resistance of the first face

crack, Ohm.
. b
Zcr2 + lZwave * tg(B[2 + yl‘p jj
Z,=7

2 wave b
Zwave + iZch * tg(B[:Z + yl‘p jj

where Z., — resistance of the second face crack, Ohm.
The distribution constant quazi-T waves is according to (4):

B=ky* e, sm, @

where ky is a wave number, & is an effective dielectric permeability of the environment. We find these sizes
on formulas (5) and (6) [2]:

, Ohm, 2

, Ohm, 3

21 -1
k,=—,m 5
Y 6]
where A, is a length of wave.
1
12k 2
e+1 b a

g, =—+(e-1)———, 6
g = t(Ee-l) (©)

where 4 is a dielectric thickness, € is dielectric permeability of material of dielectric.

We find wave resistance from a formula (7) [2]:
-1

0,082(e~1
_@(%+0,44+ ,082( )+‘°‘+1(0,231+0,159[%+0,94m . (7)

Z wave — \/E 82 €

Resistance of cracks can be learned from their conduction. Conduction of cracks we calculate according
to a formula (8):

G, =24 150 (14i*(1-0,276lg(k, * 1)) , em, ®)
Ao Vg
where &, 1, are absolute dielectric and magnetic permeability (g,=8,85-10"> F/m, po=4-n-10~' H/m).
Resistance in this case is equal to (9):

cr

1

Z G Ohm. )

It is possible to calculate the entrance resistance of the microstrip antenna by using above-mentioned
formulas. Coherence of the antenna with a transmission line and its efficiency depends on this size. Degree
of coherence can be found out from reflection coefficient. So it has better coordinated the antenna than it is
less. The coefficient of reflection p is connected with the coefficient of the running wave (CRW) by a ra-
tio (10):

1-CRW
Pl erw (10)

We accept as admissible p equal to 0,1 value. It corresponds to CRW equal to 0,818 that is admissible
for a wide range of tasks.

Value p is from the entrance resistance of the antenna and wave resistance of the line according to (11):

Z —7Z
in / (11)

P= Z +7
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We make taking note of errors by means of the Monte Carlo method. The essence of a method consists
in receiving a large number of a random variable realization which is formed as also a real random variable
in a task. It is possible to draw conclusions how the random variable in general influences process by having
received a large number of realization.

We accept antenna length b as a random variable. We set an error in 1 %. We accept b as the random
variable distributed under the normal law with population mean in 39,09 mm and the mean square deviation
equal 1/3 from an absolute value of an error. Such size is entered for a reason that 99,73 percent of normally
distributed values' deviations random variable from population mean get to an interval from three mean
square deviations (the rule three sigma). Therefore if size b possesses such mean square deviation then abso-
lutely most part of the made antennas will correspond the set error.

We make modeling in the environment of mathematical algebra MathCAD [3]. For a task of a random
variable of b we use the rnorm function (n, 4, 6) where n is number of values of a random variable, 4 is
maths expectation, ¢ is a mean square deviation. This function removes a matrix column with normally dis-
tributed values according to the set parameters. The window of calculations is presented by MathCAD in the
Figure 3:
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Figure 3. Window of calculations in MathCAD

As a result we receive a matrix, there are a column b from 1000 values of size b and p matrix column
with values of reflection coefficient's size for preset values b from the corresponding matrix. We make 5 ex-
periments for 1000, 10000 and 100000 values of a random variable b. After sorting by the «csort» team we
can see from 1000 values in the first experience 74 values above, than the limit specified earlier, in the se-
cond is 79, in the third is 82, in the fourth is 65, in the fifth is 83. We consolidate these data, and also data for
10000 and 100000 values in Table 1:
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Table 1
Results of experience
Asgizgtril;ﬁf 1st experience 2nd experience 3rd experience 4th experience Sth experience
1000 74 79 82 65 83
10000 784 849 836 799 817
100000 8025 7989 8014 8098 7969

We make statistical processing of the obtained data. Let's reduce the received results in Table 2:

Results of statistical processing for an error in 1 %

Table 2

Amour.lt of Maths expectation Rejection rate, % Megn square Relative mean
selection deviation absolute square deviation
1000 76,6 7,66 6,591 0,086
10000 817 8,17 23,656 0,029
100000 8019 8,019 44,05 0,0055

The most exact value is the last what tells small value of a mean square deviation about. Thus, we re-

ceive about § percent of marriage at a production error in 1 %.

We conduct similar experiment for an error in 0.5 %. The obtained data are consolidated in Table 3:

Results of statistical processing for an error in 0,5 %

Table 3

Amour.lt of Maths expectation Rejection rate, % Megn square Relative mean
selection deviation absolute square deviation
1000 0,4 0,04 0,49 1,225
10000 5,6 0,056 1,02 0,182
100000 51,4 0,0514 4,5 0,088

With such accuracy measurement of defect's percent from 1000 values b is very inexact. In fact, from 2
experiences marriage in 1 case from one thousand had been received, in three other experiences defect wasn't
and all values had got an admissible limit.

From the table, reduction of an error has twice led to reduction of defect by 156 times. It speaks about
need in ensuring high precision by production of microstrip antennas. Modern technologies of creation of
microstructures allow to achieve very high precision that allows to create very exact printing designs.
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MuKpOKOJIAKTHI AHTEHHAHBIH CHNIaTTAMAJIapbIHA
OH/IipicTIK KaTeJIep/iiH dcepiH 3epTTEy

Makanaza Ka3ipri 3aMaHFbl MHKPOJKOJIAKTHI aHTEHHAJAp OJIEMJICPiHIH KeH KeleMiae KellipiniMIepiHix
JKacallyblH, a3 KYHJIbI, METaJ(bl KOI KAXKET eTIeH I, ipi enmremMaep MCH MacCaHbl KaMTamMachl3 eteni. MyHnai
JKOFaphl KUUTIKTI TeXHUKAHBI acayIblH OacThl IpodieMachl OepinreH MONAIKTI KaMTaMachl3 €Ty OOJBI
TaObUTaBl. ABTOpIAp aHTEHHAHBIH T'€OMETPHSIIBIK OJIIEMICPiHIH Ke3IeHCOK aybITKYJIapblH AQNeNIeHTiH
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ecenTeyiaep MeH CyiI0amapblH YCBIHABL MUKPOXONAKTHl AHTCHHAHBIH IapaMeTpiepiH, cyrbamap MeH
ecenTeyiepi MoeNnbAey YIliH Heri3ri 6araapiaama perinae MathCAD Garnapiamacsl KOJIaHbUIABL 3epTTey
HOTIKECIH/IE JKOFapbla allThUIFaH aybITKYJIap MMKPOXOJAKThl aHTCHHAHBIH OCTiHAE TOKTHIH YJECTipyiHIe
JKOHE OHBIH CAYJIC LIBIFApY/bIH CHIIATTAMAIAPbIH ©3TePiCKe YIIBIPATATIHBI JOJICIACH]I.

M.3. Axy6oBa, B.I1. Pasunkun, T.I'. Cepukos, A.K. MypaTtoBa

HccnenoBanue BJAMSTHUS NMPOU3BOACTBCHHBIX HOFpeHIHOCTeﬁ
Ha XapaKTePUCTHKHU MHKpOHOJ’lOCKOBOﬁ AHTCHHbI

CoBpeMEHHbIE MHUKPOIOIOCKOBbIE aHTEHHBI 00ECIEUMBAIOT BBICOKYIO MOBTOPSEMOCTh Pa3MepOB, HHU3KYIO
CTOMMOCTb, Majbleé METalJI0EMKOCTh, rabapuTHbIE pa3Mepbl M Maccy. I'maBHas mpoOnema H3roTOBIICHUS
takoi CBY TexHukum — oOecredyeHne 3aJaHHOM TOYHOCTH. B craTbe IaHBl pacueTbl U CXEMBI,
JIOKa3bIBAIOIINE CITydaifHbIe OTKJIOHEHHUsS I'€OMETPUYECKHX Pa3MEpPOB aHTEHHBI OT TPEOYEMBIX PAaCUETHBIX.
B xadecTtBe mnporpamMmbl Ui MOJEIMPOBaHMS M pacdeTa [apaMeTPOB MUKPOIOIOCKOBOW aHTEHHBI
ucrionp3oBana MathCAD. Ilo pe3ymbraTam HcciieoBaHMS JTOKa3aHO, YTO YKA3aHHBIC BBIINIE OTKIOHEHHMS
TIPUBOAAT K OMIMOKaM B pacpeieNIeHNH TOKOB 10 IOBEPXHOCTH aHTCHHBI U N3MEHEHHUIO €€ XapaKTEePHUCTUK
WU3IIy4EHHUS.
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