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Peann3zainuja KaCKaJHOM BE30M
OJc€YakKa BoJa
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3amaTak

IIpojexkToBaTH MUKpOTAJIaCHU (PUITED
IIPOITYCHUK HUCKUX YU4E€CTaHOCTH

['pannuna yuectanoct 3 dB je 2,4 GHz

Ha yuyectanoctu 4 GHz
cnabJpeme Tpebda aa je Behe ox 20 dB

Homuuanne nmnegance npucrtyma cy 50 €2

S;;| TpeOa na je mTo Mame
y IPOITYCHOM OIICETY



TexHnonoruja

MuxkpoTtpakacTtt BOJ

[Tommora FR-4

JleOspmHa nmoagore je 1,575 mm
PenatuBHa mepMUTUBHOCT nojJjiore je 4,6
JleOsbuHaA MeTanu3aiuje je 38 um
Tanrenc yrina ryouraka je 0,02

Yenen xpanaBoctu: y MWO Rho=3



Peanu3zanuja

e duiarep peaar3oBaTU Ka0 KaCKaJIHy BE3Y
oJiceuaka BojoBa (stepped-impedance)

* KapakreprucTtrnuHe UMIIEIaHCE OCEeYaKa
Ham3MeHU4YHO uMajy Maiy (20 Q) BpeaHocT
1 BeluKy (90 €2) BpeaHOCT

* Anpokcumainuja je bareppoproBa



MMmmiemeHTanuja

N3aBojeH ckioI 0e3 Kyhuinra

Konexktopu SMA

YBoaHM BOJIOBU 011 5 MM, 3a SMA
Hajmama mumpuna metanuzamuje je 0,2 mm

Ha mnounum oamraMiaTi caMmo 0poj
MHICKCA ayTopa (CTyACHTA)

3a IpaBJbECHE MIIOYHUIE CE KOPHUCTH HALIPT
(layout) manmpaBinen mporpamom Protel



[IpojexkTHHU MOCTYIIaK

Anpokcumaliyja, peajlimsaluja,
MMILIEMEHTAal1]a



ATipokcumanuja

#Pro jekatFiltra.nb |:| |§| E|
24 -1 N
2%5

In[1]:= g = 2. Sin[ :rr] & /@ Range[5]

outf]= {0.618034, 1.61803,
2., 1.61803, 0.618034}
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Arnipokcumarnyja (2)

B projekatFiltra.nb M [=1E3
n2= Plot[10Log[10, 1 +w?***], {w, 0, 2}, 1"

4
2.5

GridLines - {{1, }, {3, 20}}, PlotRange - Al1];
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Filter Synthesis Wizand

Transmisszion Besponse Shape

Select the tranzmizsion responze shape that you want to uze to implement the

Band
Filter Synthesis Wizand

filker.

O} !

+—Loss

d

Filter Approximation 5election
Select an approximation to use for the tranzmizzion respo

Traditional Approximations

LC peanmnzamnumja

Filter Synthesis Wizard

Filter Order:
Band Edge Frequency:
Paszzband Parameter:

FPazzband Parameter Walue:

(#):Butterworth [Maximally Flat Passhand M agnitude}

Source Resistance:

#Pro jekatFiltra.nb

1

In[4]:= —— == 0.15915494309189535

27

Out[4]= True

() Chebyshew [Equal Ripple Passband tagnitude]

Load Resigtance:

FC

PP

Fh'."l

RS

RL

Lowpass Parameter Specifications
Specify the lowpass parameter values.

5 v
|0.15915434309189535 | GHe
'Ripple [dB] v |
3 | d&
K | Ohm
K | Ohm
| <Back || Mew> | [ Cancel

1A

200%

F

£

I+




Filter Synthesis Wizand

Lowpass Microwave Filter Technologies
Select the lowpass technology that pou want to implement,

{(#)ideal Electrical Modet

Filter Synthesis Wizand

Transmission Structure Selection
Select the tranzmizzion structure that pou want to uze to implement the filke

Planar Physical Structures

Electical bodels

() |deal Transmission Line

Lumped Element Spec Page

Lumped Element Parameter 5pecification
Select the lurmped element topology, and element logs.

Topology
i) Series Element First

Element Lozs
[ Include Element Loss

Inductor : |:|

Capacitor [ I:I

Fesonatar O: I:I
0 = Infinite

< Back ”
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l [ Cancel
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[ Cancel




LC peanuzanuja (3)

emr L mD T wo poRT
P B [ I T | ™ I S - = B
- F=1 Ohm - - L=LonH . . . . . . Lsl0OnH . . . Z=10hm.

cosorry oA e ] cap
el TTe=cr o T DsC2 T beCa
Cl=tees - C=COpk 0 C=ClpF o C=COpF
LO=1617"




CuHresa

B = Cprotozc,min / Rg By = LprotoRg / Zc,max

ﬂ ProjekatFiltra.nb IEIIEIEI
In[3l:= © = [
20 50
MapIndexed| (#1 If [0ddQ[#2 // First], —, ]) s,
50 ' 90
180
g] —
-

out3l= {14.1643, 51.5036, 45.8366, 51.5036, 14.1643)
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IToueTHa peann3anuja ca °
NJICAJTHUM BOJOBHUMA

TLIM
ID=TL4

Z0=ZcMAK Ohm

ElL=h Deg
FO=Fp GHz

TLIM TLIM TLIM
ID=TL1 ID=TL2Z2 [D=TL3
Z0=Zcmin Thim ZO0=ZchWAX Ohm Z0=Zcmin Ohm
EL=a Deq El=h Deq El=c Deg
FO=Fp GHz FO=Fp GHz FO=Fp GHZ
|:>—I+ o o

FORT

P=1

Z=Zp Ohm frmin=20 a=1416

ZoMAKX=80 bh=51.4

Fp=2.14 c=45.84

['pannyHa yyectaHoCT
je He3HaTHOo nmoBehaHa

TLIM
ID=TL5

F0=Femin Ohm

El=a Deg
FO=FpGHz

Zp=40

FORT
P=2
F=FipOhm



Kpurepnjymu onTuMu3anuje

* Moayn napamerpa S,;, Tpeba na je
Behu oq —3dB3af<25GHz, ana

BHUCOKHUM MambH OJ1

—20dB,4 GHz <f< 6 GHz

* Moayn napamerpa S;, Tpeba aa je
MamU 011 —10 dB Ha HUCKUM
y4eCTaHOCTHUMA



OnTuMu3oBaHa
peaamn3alyja ca BOJIOBHUMA

TLIM
ID=TL1
Z0=Zcmin Ohm
ElL=aDeqg
FO=Fp GHz
FORT
F=1
£=Zp Ohm

7

TLIM TLIM TLIM
ID=TL2 ID=TL3 ID=TL4
Z0=ZcMAX Ohm Z0=Zcmin Ohm FO0=ZcMAX Ohm
El=b Deq ElL=c Deqg EL=h Deqg
FO=Fp GHz FO=Fp GHz FO=Fp GHz

o o

TLIM

ID=TL5
Z0=Lcmin O hm
El=aDeq
FO=Fp GHz

Zomin=20 a=28.2349157174619 Zp=50
ZrMAKX=80 b=51.33111958233152

Fp=2.5 c=41.93886954043822

PORT
p=2
Z=Zp Ohm



ITouyeTHa UMIIJIEMEHTAIH]a

(0e3 MojieI0Bamka JUCKOHTUHYHUTETA)

MSLB
Er=4 6
H=1.87% mm
T=0.033 mm
Zp=30 Rho=3
Tand=0.02
Ertom=4.6
Mame=FR 4
M1 M LIM
ID=TL3 [D=TL4
W=\ Zeomin mim W= o AX mm
L=Lc mrm L=Lhk mm
0

M LIF

ID=TL5

W=\ Zomin mim
L=La mm

Wicmin=10.7 La=4 Ff
Wi ZoMAK=087 Lh=93.454
Lc=6.98
fd LI M LI
[D=TL1 ID=TLZ
W= Zomin mm W=WWE o MAK mm
L=La mm L=Lhk mm
FORT
F=1

f=Zp0Ohm




(ca 3a0KpYKHBAHEM )

Zp=a0

MLIR

ID=TL3

W=\ Foomin mm
L=Lc mm

Wicmin=10 La=4
Wi ZcmAR=048 Lh=4
Lc=7
MLIM M LI
[D=TL1 ID=TLZ2
W= Zomin mm W=WE o MAK mm
L=La mm L=Lb mm
FORT
F=1

=7p Ohm

MSLIAB
Er=4. 8k
H=1.875 mm
T=0.038 mm
Fho=3
Tand=0.02
Ertlom=4.6
Mame=F R4
M LIR M LIM
ID=TL4 ID=TL%
W S oh AX omm Wi =W Zomin mm
L=Lbh mm L=La mm
m —I—<:|
PORT
p=2
=7p Ohm



OnTumanHa UMIUICMEHTAauja
(Ca JUCKOHTMHYUTETHMA U YBOJHUIIKMA)

MZUE
Bedi
He 157
T U3
- Rlhvom3
WEZ il 10 La=5 Zp=30 Tando 0
. - o =
WZMA 40 2 h=7.6 Ip=5 Pl

+
o @

LN IN
|||||||||| =TL4 TL TLS TL
Wm0 m m ZTEFR§ WmWZ o MCTEFR§ WimlWZ MZTER W=l Zan MZTER W=l Z ZTERE W=l Zemin min ZTEP§ WmlE0m m
mm  10=TLE  L=Lamm TLE LeLbmm D= TL L= Lz il L= Ll L=La L= Ip il
P T P FT
Pe i Pz
= Ip Ol T=Zp Ol

WZemin=10 La=5 Zp=50
WZcMAX=0.8 Lb=7.6 Lp=5

W50=2.9 Le=7
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Hanpr (layout) 3a EM 3D cumymnanujy
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Hampt y nporpamy Protel

FCEE O8]
viddb ﬂ SteppedimpedancelowpassDVT.PCB

Laper § BottomL aper A KeepOutl aper A MuliLayer



KoHekTopu




JIaGopaTopHjCKU IPOTOTHII |







B Merenie.nb (=13
n[2]:= {f, S21lre, S21im} =t // Transpose; |-
S21dB = 20 *x Log[10, Sgrt[S2lre”™2 + S21im"2]] ;
ListPlot[{f, S21dB} // Transpose, PlotRange - All, )
GridLines - {{2400, 4000}, {-1, -3, -20}}]~
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Mepeme (2)

ﬂMerenje.nh
In[3]:= ListPlot[{f, S21dB} // Transpose,
PlotRange -» { {500, 2550}, {0, -3}},

GridLines -» Automatic];
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