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Ananusa Bol)eHux Tamaca meroguma B
TEOPH]€ KOJIa

Ctpora EM aHanu3a je ciaoKeHa U AyroTpajHa

Iloxena Kojia HA ayTOHOMHE LICJIUHE KOJ€ C€ OIMHUCY]Y
MpeErKaMa ca BUIIIE OpUCTYyIa (IIOPTOBA)

Penremwa: HaIIOHU M CTPYJ€ IIPUCTYIIA, TpaHChEP
(yHKIIH]e, KOMIIJICKCHU MHTEH3UTETHU Tajaca,
S-mapaMeTpu

3a TEM (u = kBa3u-TEM) Tanac 1mocroje HaloHu
(y TpaHCB. paBHUMA!) U CTpy]je

3a TE, TM, xubpugHe: €KBUBAJICHTHU BOJI
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Kpatka cekiuuja (ojacedak) Boaa
[IpumapHu mapamerpu
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CeKyHaapHHU IapamMeTpu
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da3zHa Op3uHa:

¢, =1/L'C’ Co = 299.792.458 m/s



Bon 3aBpliieH IOTpoIIayem
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Orpanak Boza L

Orpanak Boja (Stub) je cexmuja Boma 3aBpIiieHa KpaTKUM CIIOjeM
UJIA OTBOPEHOM BE30M
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[Tpumep orpanka Bonua L
f =3GHz X =100Q Z.=50Q Erg = 2 D=7
Zk,s, = JZC tg(BD) >0 | |
400 | |
BOI
BD =arctg 2 00F | - - - - xamem ]
200
ﬁ=21'cf«/8re /CO 100
Co = 299792458 m/s XL oF :
~100 | |
D — 12,45 mm OrpaHaK 2200 |-
L =X /®=5,31nH| uneanau xanem jzz [
-500 | | |
1 2 3 4 5

f1GHz]
Peanan kajiem nMma pe30HaHIA]€ U AaHTUPE3OHAHIIN]E U MTOHAIIIA CE CIIMYHO
Ka0 KpaTKO CMOJEHM OTpaHak (aju HE UCTE Ay>KUHE)!



[Tpumep KoakCHJATHOT BOJIa ca (i

TUCTaHIIEpHUMa
D=120mm [1=50mm d=1mm g =23

(TIONTMETHIIEH) ul : L] LI
Z,=50Q Z,=50Q |[,|=" ﬁldl% ﬁldl%
10 MHz — 20 GHz
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RES
D=R1
R=50 Ohm

=D-2(l+d)=18mm U s
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CMMTOB aujarpam

Hopmanu3zosana: _
UMIIeIaHca (pe3rcTaHca, peakTaHCca) C=2Z1Z;=r+X
agMuTaHCca (KOHIyKTaHca, cycuenranca) n=Y /Y, =g+ ]jb=1/C

r_6-1_1-m
C+1 1+4n

C‘1+F 1-T
1-T " 1+T

* I'paduuko npepauyHaBame uzmely
MMIIEJIAaHCH U KOoe(ulirjeHaTa
pediekcuje Ha BOIy

« (CnukoBuUTA MpeJicTaBa UMIICIAHCH,
KoeduijeHaTa pedaeKkcuje u
S-rapameTapa




Oco0MHE HEKUX ABOIPOBOAHUYKHUX i

Boq0oBa ca TEM Tanacom
Koakcujainau, 1BOXKMYHHA, MUKPOTPAKaCcTH BO/I

IIpeTtocraBke:
e Manu ryounu

e U3paxxeH ckuH-epexar

JlomunanTHu Tul Tanaca je TEM

PaHu oricer y4eCTaHOCTH JI0 HEKOJIUKO
necernHa GHz

®opmyne3a Z, 1 R (a, =R'/(2Z,))




KoakcujaaHu Boa
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TYPICAL CONSTRUCTION
(BLL DIAMETERS NOM.)

— < DA, E DI&A
BARRIER
DIELECTRIC
A DA AL H LR FTIE.
DUTER JACKET FOLYIMIDE MICROPCAOUS
FEF TAFE

E Dia, A, F DA

TUTER ERAID IKMER ERAID CENTER CONDULTOR

COFFER WIRE CFHC SOLID GFHC

SILVER COATED COFFER WIRE COFPER WIRL,
SILYER COATED SILVER COATED

ASTROLAB, USA (50 Q)

Inner Cy Gas injected 15t Al/Pet/Al
conductor dielectric

Inner white ~ Outer uSn 2nd Al/Pet/Al nk-jetted
-k Boid ik biond

FANTON, Italy (75 Q)



Oco0OnHe KOaKCHjaJIHUX BOJOBA

Tamu kadao0BHu (CpeIUIIBLU IIPOBOJHUK — IyHA OaKapHa
KHIA WM JIETYPE; CHOJbaIllbU NPOBOJIHUK — INICTCHUIIA
oJ 0akpa HIH JIEType)

Jle0/bu Ka0J10BH (1 YHYTpAIlEbbU IPOBOJHYK IJICTCHUIIA)

EdurKacHOCT 3aTuTe OKJIallamkha CIOJbaIlIHET
IIPOBOJHHUKA — NOJAaBAKE METAIHE (DOJIH]EC

JInejieKTpUIM: T€(JIOH, NOJUCTUIICH, ITIOJTUCTUPEH

er=2,1; 2,25; 2,55

Koakcujamau BogoBu Mory outu kpyTH (rigid),
moaykpyTu (semi-rigid) u caput/buBH (flexible)



Boj ca HEXOMOIreHUM AUEIEKTPUKOM U
MHUKPO-KOAKCH]aJTHA BOJI

kBa3u-TEM Ttanac mpuMeHa: 00jlacT MM Tajiaca



JIBOKUYHU BOJ
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| IImanapHau BOIOBH

ItanapHa MyukpoTagacHa KoJja



[IITa cy manapHa KoJja?

* Y caBpeMEHO] MUKPOTAIaCHO] TEXHUIIY
OOMHUHHPA]y KOJia n3paleHa y TEXHUIH
[ITaMITAHUX Be3a (IUIaHapHA KOJia)

* [IpoBOAHHIIM C€ Hala3€ Yy J€IHO] UM BUIIIEC
pPaBHM, HA MOBPIIN JUEICKTPUUYHUX HOCaya
(mojyIoTa, CYymncTpara)

* ToJepanuuje Cy, THIIMYHO, PEAa BEIUYHNHE
10 um




llorogHocTH 1aHapHUX KOJja

Maine qumMeH3Hje

Oar4Ha MOHOBJBHMBOCT Y IIPOU3BOIHHI
Bennka moy3aaHOCT

Maira TexxmuHa (avionics & portables)
JIako ce MOHTHPA]y JUCKPETHU €JICMECHTHU

OcHoga 3a u3pagy MMIC — moHOIHTHHX
MUKPOTAJIACHUX MHTETPUCAHUX KOJIa




Henocraim?

e MakcumanHa cHara Kojy MOry Ja U3JpxKe
IJIAHApHA KOJa J€ peIaTUBHO Malia 300T MaJIuX
pacTojama u3Mel)y NpoBOIHUKA, JIOIIE TOILUIOTHE
IIPOBOJIHOCTH U 300T OLITPUX MBUILIA

e ['yOuum y miiaHapHUM KOJIMMa Cy 3HaTHO Behu
300T MaJIMX JUMEH3H]a IIPOBOJHUKA, OLITPHX
MBHIIA, Ka0 M 300T NPHUCYCTBA JUCICKTPUUHOT
HOCa4a, HEroO y KJIAaCMYHUM KOJUMAa

e (dakTopu JOOPOTE MamU 3a PEJ BEIMUNHE



OcHOBHA (pyHKIIMOHATHOCT

 [IpeHOC curHazia Ha BpJIO Maja pacTojama
(pea BEIMYNHE HEKOJIHUKO IICHTUMETAPA)

e OOpaza curHana Kao ITo j€ QUITPUPALE

e lIMmieMeHTaluja CKJIOIOBa U
MUKPOTaIaCHUX IIOJCUCTEMA
TEJICKOMYHUKALIMOHUX U JIpYyTruX ypehaja



[InanapHu BOOOBHU

(a) cumeTpudHU TpakacTH Boj (strip line), (6) MukpoTpakactu Boj (microstrip line),
(B) mpopesnu Boj (slot line), () TpakacTu Boa ca U3AUTHYTOM nojjioroM (suspended
substrate strip line), (1) koranapau Bog (coplanar line), (1)) konmanapHu TagacoBomd, U
(e) u (k) mpope3nu Boa y TanacoBoay (finline)



PagHe yuyectaHOCTH?

* [IpBeHCTBEHO y 00JIACTH JIEIMMETAPCKUX

* U HCHTHUMCTAPCKHUX TAJIdCa

o [Ipoaupy y 001acT MUIMMETAPCKHUX Tajlaca
(mOCEOHO, IIPOPE3HU BOJI Y TaJIaCOBOY)




Koju ce tun tamaca npoctupe?

e Camo XMOpUJIHH TUIIOBH Tajlaca CE€ MOI'Y
POCTHUPATH MO IIAHAPHUM BOJOBUMA 300T
HEXOMOT'€HOCTH JUCICKTPUKA

* Koz cBuUX mimaHapHUX BOJOBA, OCUM KO
IIPOPE3HOI BOJA U IIPOPE3HOT BOJA Y
TAJIaCOBOY, IIPU HUCKUM Y4YECTAHOCTUMA
JIOHTUTYAUHAIHE KOMIIOHEHTE 10Jba CY
3HATHO Mam€ OJ] TPAHCBEP3ATTHUX




IIpopauyH miranapHUX BOIOBA

» CTpora TeopHjCKa aHaAIN3a IJIaHAPHUX
BOJIOBA 3aCHUBA CE€ HA HYMEPUYKUM
NOCTYIIIMa

* 3a HHXXCHEPCKY IIPAKCY j& HO0XKEJbHO UMATH
JE€OIHOCTABHE IPHUOIMKHE (POpMYJIE 3a
KapaKTEPUCTUUHY UMIICJIAHCY U TaJIaCHY
OYKUHY OPHU PagHO] YYECTAHOCTH



KsBa3zu-TEM ananusa

* Keazu-TEM anpoxcumanuja npoctupama EM
Tajaca JIy>K BOJIOBA Ca HEXOMOTCHUM
IHAEJIEKTPUKOM 3aCHMBA CE€ HA MPETIIOCTABIIM J1a U
€JICKTPUYHO ¥ MAarHETCKO MOJbE UMA]y MPAKTUYHO
CaMoO TPAHCBEP3aJIHe KOMIIOHEHTE, a J1a Cy UM
JIOHTUTYJIMHAJIHE KOMITOHEHTE 3aHEMAPJLUBO MaJIe

* OmpaBaaHa j€ aKO YYECTaHOCT HU]E CYBHIIIE
BHCOKA, KOJI CBUX IJITAaHAPHHX BOJIOBA OCHUM KO/I
MPOPE3HOr BOAA U IIPOPE3HOT BOJIA Y TAITACOBOY




Ilogiore 3a rmiaHapHe BOOOBE

e Ha 0a3u TepaoHa U APYTUX OPraHCKUX
MaTepujaja, Koje, o MpaBuily, uMajy
pEIIaTUBHY IIEPMUTHUBHOCT y OIICETY OJI OKO
2,1 no2,7

* Ha 0a3u HeopraHcKkux MaTepHjana, uMajy
peJIaTUBHY IIEPMUTUBHOCT TUIIUYHO U3Mehy

oull



TednoHcke moanore

* Ca Beh HanenmJbeHUM METATHUM (OaKapHUM )
(dorjaMa ca jeqHe UM ca 00€ CTpaHe

« dojmje ce Harpu3ajy (POTOnOCTYIIKOM:
OCTaj€ caMO NOTpeOHa MEeTaan3aluja
(HampuMep, Tpake BOJOBA)

* Memiajy ce ca KepaMUYKUM MaTepHrjaaInuMa:
MOT'Y UIMaTH BEJIMKE PEIAaTHBHE
[IEPMUTHUBHOCTH, OKO 10



[Tomiiore Ha 0a3u TedaoHa

Yemrhe

MexaHnuku ce jakiie oopalyjy ox
KepaMUYKHUX MOJJI0Tra

OtnopHHje Cy Ha yaape U BUOpaluje
Nmajy Behe ryonTke
Cnabuja pe30Jylu]y ITaMIIaHUuX KoJia

Cnabuja TepMHYKa IPOBOJIHOCT




TednoH 0jadyaH cTakIeHUM
BJIAKHHMA

OmInyHe MEXaHUYKE OCOOUHE:
CTaOMJIHOCT TUMEH3H]a, U3PKIBUBOCT

XEMMJCKH H3Y3€THO OTIIOpAaH

W3 aprxaBa BEJIUMKH paciOH TEMIIEparypa.
—27°C o +260°C

Ha ;eMy ce MOXKe JIaKO JIEMUTHU

Tepmuuky KoMmaTuOMIAaH ca OAKpOM



KepamMuuke mojiore

BpJio npenn3Ha mrrammna

Manu queneKTpuYHU I'yOuIy
(BeIuKH (paKTOpH J00pOTE)

JloOpo onBoheme TomoTe (Ha OpUMep, KO
CHaKHHUX IOJYIPOBOJHUYKUX AKTUBHUX
€JIEMECHATA)

Ckyma u3paja (Mexanuaka oopaja)




[Tomjiore Ha 0a3u HEOPraHCKUX
MaTepujajia

PenatuBHa NEpMUTUBHOCT TUIIUYHO 6 — 10
Meranu3anm)y HaHOCH CaM KOPUCHHUK

TaHkocI0jHA TEXHHKA: HAllapaBamke METaIN3aI1]€
(371aTa), HArpU3amkbe METATN3aLIN]C
(poTONMOCTYIIKOM

JleOenociiojHa TEXHHUKA: HAHOIIECHE ITACTE KOja
CaJip>Ky MeTajl caMO Ha IIOTPEOHUM MECTHMA,
KpO3 Moce0aH 3acTop, Ma ce€ OHJa, 3arpeBambeM,
nacTa akTUBUPA TAKO Jia CE€ CTBapa METAIM3AllH]a



FR-4 (BuTpomacr)

Hwucka 1iena

KomepiiyjanHe mpuMeHe Opy HUSKHM
y4€CTaHOCTUMA

Benukn quenekTpuIHU IyOuIy

N3pajga BUILIECIOJHUX IITAMIIAHUX I1J10Ya
AHAJIOTHUX U JUTUTATHUX KOJIA,

YKJby4y]yhH padyHape




LTCC

o [locaenmux rogruHa Cy pa3BHUjeHE TEXHUKE
BUIIICCJIOJHUX IITAMIIAHUX KOJIa Ha 0a3u
kepamuukux marepujana (LTCC)

e OmoryhaBajy BUCOK CTEIICH MHTEIrpallk]je U
M3paay MaCHMBHUX KOMIIOHCHTH HAJpa3IMUUTH]UX
o0JInKa

 [IpeBa3miaze niuaHapHe 00JHUKE U MPUOJIMKABA]Y
C€ TPOJAMMEH3UOHUM CTPYKTypama



[ Ipumep mapamerapa FR-4

[ =38 um W
d # 0000000000000000 l MSUB

| RKIRSSSLEEIGEILEI] H=1.575 mm

e T=0.038 mm

T Rho=3
h 1 575 Tand=0.02

= = mim ErNom=4.6

6 = 4.5 ’ Name=SUB1

[ 3aaBamE IOIOTE Yy £ fﬁfﬁfﬁ;

nporpamy Microwave Office




MAIN MENU - Microwave Design Computations. MUI-2084Jan2? GRT-Rogers Corp.
pe of design is microstrip transmission line,. amalytical.
its for dimensions are in mm.

me of suhstrate RO4883

i 1.575
A.8173

r.

rmittivity nf zsubstrate, Epr 3.388
sz of dielectric as tan & B.862780
% roughness of Cusdiel. pm 1.9884
z frequency in application 1 .B888R
. characteristic impedance 58.88
~ZA by digital formula 183.44; Key 0.R for digital ZB comments.
M fective peprmittivity.Er. eff 2.676
Wavelength., mm =183.24%93; Single open end fringing aL= @.6582
Qd{dielectric? = 416.4; Qclconductor?> = 3I68.3
'MW of transmission line 195.4
In dB/meter ad = B_358; ac = B.404; o = ad+uc = B.762
at conductivity, WromsK A.64800
Temp.rises{(RF power), K-kW 118.5; Power for <= 18@8+amh®C, W 843 .85
5] Temp.rises(DC current)z KsA2 A.185%%7; Current for <= 18B+ambh®C, A 23.20
collect menu Jalues in tahle cnlunn 1 for file HMUBGJZ24A.doc.
Lther menu of extra features. i
Select action by keying LIGIDGNEA; i or 4+T+ and RET 7 o




Alumina momiora

24 TXLINE 2003 - Microstrip ))&
Microstrip | Stripiine | CPw | CPW Ground | Round Coasial | Slotine | Coupled MSLine | Coupled Stipline | I
M aternial Parameters
Dielectic |.fl‘-.lumina j Conductar |E-:||:||:|er j 3
Dielectrc Constant |E|-E Conductivity |5-BBE+D? |5.-"n'| j |I| - ?
Loss Tangent ||:I.|:IEI|:|5 (/‘ (ﬁ“‘l"ﬂ : : -
Electrcal Charactenzstics FPhyzical Charactenstic
Impedance |50 \Ohms | Physical Length [L] |14.5575 jmm
Frequency |2 GHz =] 1 width [w/] |0.613396 jmm |
Electrical Length |E||:| ||:Ieg ﬂ R Height [H] |EI.I335 |n'|n'| j
Phase Constant  |6165.45 |deg/m | ‘ Thickness [T] |0.0034 mm v

Effective Diel. Const. |B.53032
Loss |2.07883 dBim v




AHM30TPOIHE TUETEKTPUYHE O IO B

* AHH3O0TPONHMU JUCICKTPUIIHA Yy PA3TAYUTUM
IpaBlMa MMa]y pPa3Idn4YuTe OCOOMHE

 Kpucramau marepujaid M HBHUXOBA

AHU30TPOMHOCT IOTHYE O] OCOOMHA KPUCTAJIHE
pEIIETKE

e Tunu4yaH OpeJCcTaBHUK aHU30TPOIMHUX AUEICKTPUKA
KOJ MMa]y IPUMEHY Y MHUKPOTAJaCHUM KOJIMMa ]€

cadup

&, 0 0] [940 0 0] e =12,0— 121 .
e=|0 g O0f=|0 11,60 0 l—|—0,39[lﬂgmw
0 0 & [0 0 940 h

TEH30p IIEPMUTUBHOCTH e(eKTUBHA peaTUBHA MEPMUTUBHOCT



depuTHE 1Mo I0re

e (DepuTHE MOIJIOTE KOPHUCTE CE€ CaMO akKo ]e
IOTPEOHO OCTBAPUTH HEPEUUIIPOUYHE OCOOMHE
MUKPOTaAJaCHUX KOMIIOHCHTHU

e 3a CBE Jpyre NpUMEHE MUEICKTPUYHE MOJJIOTE
cy 00Jb€ IO CBUM OMTHHUM MapameTrpuma (Kao IITo
Cy I'yOMIIH, J€IHOCTAaBHOCT M3paje, [ICHA)

p k0
ﬁ:“[] _jl‘: H, 0
0 0 1

TCH30P MAIrHCTCKC HCpM€a6I/IJIHO CTHU



IIpopauyH 1m1aHapHuX BOIOBA

[ IpuOnuxuu oopacuu



HaunHu npopadyHa

e CTpora aHajnm3a IJIaHApHUX BOJIOBA, 110
IpaBUIy, 3aXTE€BA U3BECHE allpOKCHUMAIIH]€E,
WJIM IPUMEHY HYMEPUUYKHUX METO]1a

e VYV nmuTepaTypu ce MOry HahM pa3InuyuTH
avjarpaMy Wik OpAOIKHM 00paciy
(100H]€HN MHTEPHOJIALN]OM HYMEPUIKUX
pe3yJiTaTa) 3a Hajuellhe niaHapHe BOJOBE






EdexTnBHa penaTuBHA
[IEPMUTHUBHOCT

o Epekmuena peramuena nepmumueHoCm
IpeCTaB/ba PEIaTUBHY IEPMUTUBHOCT
(6EKBHBAJICHTHE) XOMOI'€HE CPEIUHE Y KO]O]
Ou TpeOayo Aa ce Hajla3e MPOBOJHHUIIM BOJIA
na Ou oAy KHa KanaluTUBHOCT OWJia UCTa
Ka0 KOJ CTBAPHOT BOJIA

* OBa NEPMUTHUBHOCT C€ JC(OUHUIIIE O
pellanujoM




BenuauHe U3BEIECHE U3 €,

* bp3uHa npocTupama (aze

€0
IJIAHAPHOT BOJIA Cp =
Sre
e TamacHa qy>XMHa Ha BOAY A 0
Kg =

Ere



Hammerstad-osa ¢popmye

e, +1 g, -1 1
Ere = = + = h
- - 1+12—
W
e + 1 ey —1 1
Sre = 5 + 3 h _
B T l+12=

3aHemapeHa Je0JbMHA METAIU3alIH]e
(KOja je peaa BeIMYMHE HEKOJIHUKO
JeCeTHUHA WM), Tj. Y3€TO Ja CYy TpaKe
OE€CKOHAYHO TaHKE

/ N2

W W
+QMU—— <1,
\

h) | h
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aHaJIN3y MUKPOCTpHIIAa €(DEKTUBHOM IIMPUHOM TpaKe
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CumMmeTpuyaH KOIJIaHAPHU BOJ U
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CHMeTpHYaH KOIUIAHAPHHU TAlacoBoj ca CHMETPHYAH KOIUIAaHAPHH TajlacoBOJ KOHAYHE
IPOBOJHOM PaBHH mupuHe pedepeHTHOT MPOBOIHMKA (“‘Mace”)

Z, (K@) Ku) ]'

Z, = +
2 e \ K () K'(uy) o _a ¢ —b? A4 Cc? - B’
L™ ﬂz_az’ 2 B\ 2 _ 42

e =1+(g, —1) K ) K(u2)+ )
* r K'(uy) K(uy)

U, =%, Uy, = th[%]/th[%]




MukporanacHe KOMIIOHEHTE

JINCKOHTUHYHUTETH U OCHOBHA KOJI1a
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KoMneH30BaHU CIIO] TpU BOAA




OTBOpEH Kpaj BOAA
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OTBOpEH Kpa] MUKPOTPAKACTOT BOJIA C€, EKBUBAJCHTHO, IMOHAIIIA KA0
BOJI 3aBPIIICH MaJioM (ITapa3uTHOM) KanmalMTUBHOIIINY, KOja je
nocCJIeAUIla UBUYHUX €(eKara Ha Kpajy: OTBOPEH BOJ CE€ MOHAIIIA

Kao J1a j€ AY2KM HETo IITO MY j€ (U3NYKa Ty>KHUHA

(mpoayXemhe j€ EKBUBAJICHTHO MMapa3uTHO] KallalluTUBHOCTH )
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ITonpeyan mpolen y Tpaly IPOBOJHNKA MUKPOTPAKACTOT BOJIa

Ipe/ICTaB/ba, CKBUBAJICHTHO, KAAIIUTUBHOCT YMETHYTY Y BOJ:

300T UBUYHUX €(eKaTa, y eKBUBAJICHTHO] IIIEMHU CE€ JaBJbha]y JOIII
JIBE KanaluTUBHOCTHU n3Mely KpajeBa BoJoBa U Mace



Kparak cnoj

M30y111u ce jeaHa WM BUIIIE pylia Kpo3
HOCA4Y, Y pPaBHHU KPaTKOT CII0ja, M KPO3 Te
OTBOpE CIIOJH CE€ TpaKa BOJa U Maca

Pymne ce meTanuzyjy
Ilonama ce kao nmapa3uTHa UHIYKTUBHOCT

Boj ce noHaia Kkao uacaiHo KpaTKo CIIOJEH
BOJ, aJIi HEIITO Behe myKuHE



JIMCKpETHU €IIEMEHTH

N3BoaM cy y 00JIMKY Tpaka, Koje c€ MpUUBpINy]y Ha IITaMIIaHE
IIPOBOJIHUKE HA JUEICKTPUYHO] MOJIO3U, UJIH CY KpajeBH MaKOBaHkha
pUJIaroheHu 3a JIEMJbEHE Ha IITAMITAHE MPOBOIHUKE
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| lapaseiHe kamnanuTUBHOCTH




Penne HHIYKTUBHOCTH




[TakoBama Ayoaa U TPAH3UCTOpaA













I lapaneirHo MOHTHpPaBE




MoHTHpamke eeMeHara Ko/l
KOILJIAHAPHOT TaJacoBOJA

>
%
PRK

LAV




P PP
LEE Y oo
Yig LA 2N
il i
EIOE]
LEL
TEILR
3 O
| A
IRy
| . |
K

P

L

KA

ZET

o L, L,

TAE

B

A E

HECEOR

AAL

Rl

EE




HuckonponycHu uirap




duirTap ca CrperHyTuM
pEe30HATOpUMA
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MuaTepaurutainu puiarap
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Kparak croj
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BucokomnponycHu puiarap

Kparak croj



Crpera pe3oHaropa M BOJa

[TonyTtanacHu pe3oHarop,
y BUJy OTBOPEHOT BOJA,
KOJH j€ KallallATUBHO CIIPETHYT
ca HaIlOJHUM BOJIOM Y



YCMEPEHH CIIPEKHbAK
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YCMEPEHHU CIIPEXKHAK Ca OrpaHIuMa
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MuUKpOCTpHII CKJIION




MuUKpOCTpHII CKJIION
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[ Ipumep MukpoTasacHOr MOayJjia
2,45 GHz VCO (wireless LAN)




Microwave Integrated Circuit — MIC

 [JacuBHa KOJ1a Ca MOHTHPAHUM JUCKPETHUM
€JIEMEHTHMA C€ U3PAEC HA J€OHO]
[IITaMITIAHO] TIOYHIIH

e [ounia ce cMemTa y OKJIOI, Hajuemhe y
00JIMKY METAJIHE KYTUJUIIE Ca CICKTPUIKHU U
MEXaHUUYKHM 3alITUBECHUM MOKJIOMNIIEM

e Ha xyTHjuily ce€ MOHTHPA]y KOHEKTOPH
(Hajuenrthe SMA Ttrna)




Monolithic Microwave Integrated
Circuit — MMIC

 [JacuBHE KOMIOHEHTE CE MPaBe HA UCTO]
10171034 (IOJYIIPOBOJHMKY ) HAa KOJO] C€
pajie TPaH3UCTOPHU U TUOJIEC

* [Ipo0OieM cy ryouiy y moaino3u

* OBakBa KoJ1a ce pajJic Ha mojajiorama o1
rajiijyM-apCeHHUIa U CINYHUX
OJIYIIPOBOJHUYKHUX MaTEpHjaia



KBa3zuMOHOJINTHA TEXHUKA

e IlacuBHM A€o0 KOa ce IpaBu HA MOIJIO3U O/
cadpupa

e EnuTakcujaiHuM pacToM ce (hopMHpa CI0]
CHJIMIA]yMa

* YV ;MY C€ KJIACHYHUM IIOCTYIIIMMA U3PALIE
OJYIIPOBOJHUYKUX KOMIIOHEHTH 00pa3yjy
akTuBHU eneMeHTH (SOS TexHuKa)




XUOPHUIHO HHTECTPUCAHO KOJIO
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XUOPHUIHO HHTECTPUCAHO KOJIO




MMIC

Air Microstrip MIM Inductor
bridge input line capacitor /
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Thin film
resistor
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Ground Via GaAs Implanted GaAs

plane hole FET resistor substrate
metalization




35 GHz microstrip radar receiver




