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BBenenne

Heans padorbi: O3nakomuthes ¢ CAITP AWRDE, uccnenoBaTh OCHOBHBIC
tunbl LC GunpTpoB, MOCTpOUTh rpaduKku S-apaMeTpoB.

3anauu 1a00paTopHO padbOTHI:

1) U3zyuuts ocHOBBI Hcnionb3oBanus CAITP AWRDE.

2) CoOpaTh OIOpHBIE CXEMBI (DHUIBTPOB.

3) 3amarh OCHOBHBIC MaPaMETPhI JICMEHTAM COTJIAaCHO BapUaHTaM.

4) TlocTpOoWTHh OCHOBHBIC XapaKTCPUCTHKH W CPABHUTH PE3YJIbTATHl C
pPacCUYEeTHBIM 33JIaHHCM.

AWRDE (AWR Design Environment) — cucremMa aBTOMAaTH3HPOBAHHOTO
npoektupoBanust (CAIIP) paspaborannas wommanueii National Instruments.
CAIIP AWRDE cnocobHa pemaTe IUPOKHH CHEKTP 3amad CKBO3HOTO
MIPOCKTUPOBAHUS CJIOKHBIX PATUOTEXHUYECKHX YCTPOMCTB W CHCTEM CBS3HOTO
HA3HAYCHUS.

B nmanHo#t pabGore OyayT OMUCaHbl METOJbI TOCTPOCHHS (GUIBTPOB C
nomoisio CAITP AWRDE.

DOneKTpudYecKkuid (PUIbTp — OTO YETHIPEXIOJIOCHUK, YCTaHABJIMBAEMBIN
MEXIy UCTOYHUKOM MUTAHUS U HATPY3KOU U CITyKaIluid 1711 OeCpensiTCTBEHHOTO
(c mManbpIM 3aTyxXxaHUWEM) MPOIMYCKaHUS TOKOB OJHMX YacTOT M 3aJepKKu (WiH
MPOITYCKAHUS C OOJIBIIUM 3aTyXaHUEM ) TOKOB JIPYTUX YaCTOT.

[Tomoca mpormyckaHust WIK MOJI0Ca MPO3PAYHOCTH PUIBTPA — TO JAHAMMAa30H
YacCTOT, MPOIyCKaeMbIX (PUILTPOM 0€3 3aTyXaHusl (C MaJIbIM 3aTyXaHUEM ).

[Tonoca 3aTyxaHusi WM ToJioca 3aJepKUBaHusl (PEKEKIUU) PUIbTpa — 3TO
JMATa30H 9acTOT, IPOITYCKAEMBIX C OOJIBIIINM 3aTyXaHUEM.

KadectBo ¢unbTpa cunMTaeTcs TEM BBIIIE, YeM SpYe BBIPAKEHBI €0
GunbpTpyrOmMe CBOKMCTBa, T.€. YeM CHJbHEE BO3pacTaeT 3aTyxXaHHE B TIOJIOCE
3aJIepKUBAHUS.

B KauecTBe  MACCUBHBIX  (QWIBTPOB  OOBIYHO  TPUMEHSIOTCS
YETHIPEXITOIIOCHUKN Ha OCHOBE KAaTYIIEK WHIYKTUBHOCTH M KOHJICHCATOPOB.

Bo3moxxHo Takke mpumeHeHue naccuBHbIX RC-(QuibTpoB, MCHOIB3yEeMbIX
1pu OOJIBIIINX COMPOTUBIICHUSX HATPY3KH.

OUIBTPHI MPUMEHSIOTCS KaK B PAJAMOTEXHUKE U TEXHUKE CBS3U, TJI€ UMEIOT
MECTO TOKHM JOCTAaTOYHO BBICOKHMX YacCTOT, TaK M B CHUJIOBOM DJIEKTPOHHKE H
AIIEKTPOTEXHUKE.



1 PykoBoacTBO 10 ncnojib3oBanuio AWRDE

1.1 Co3nanue npoekTta (pabo4ero NpoCTPaAHCTBA)

B rnaBHOM okHe mporpammbl BeIOpaTh Project->Circuit Schematic->New
Schematic. [Tocne yero Ha30BHUTE MPOCKT M HAXXMHUTE KHOTKY Create. B pesynbrare
YEero OTKPOETCs HOBOI'O paboyvero MmpocTpaHCTBa.

{Z5] Project Options
&> Global Definitions
.=t Global Definitions
(& Data Files
%] System Diagrams
53] Circuit Schematics

[zd EM Structures
) Output Equations | BT import Schematic..
i@ Graphs

-[5) Optimizer Goals
&) Yield Goals Open Project Item...
E Output Files Collapse All
i Data Sets

A

s Circuit Symbols Expandill

es Link To Schematic...

(@ Simulation Filters
[z Switch Lists

B Wizards

[i53 User Folders

GBS Windon, X

CopyAll | X 3 |[BE]| @Errors ©) | 4 Warnings ) | @ info 0) [[e] 44

Create a new schematic in the project

Pucynok 1.1 — Co3nanue cxemsl
New Schematic X

Enter a name for the Schematic:
| Schematic 1| |

[[]create as alinked file | create | | cancel I

Pucynok 1.2 — 3aanrie UMEHU CXEMBbI

[Tocne uwero HeoOxomumo BeIOpath Project->Elements->Circuit Elements-
>Lumped Elements. Ha pucynke 1.3 mpeacTaBieHO OKHO MOCTPOCHHUSI CXEMBbI.
OKHO MOCTPOCHHSI CXEMBbI BBITISIIUT CIICAYIOLIMM 00pa3oM:



= Untitled Project - NI AWR Design Environment (12.02.7670 rev1, 64-bit) - [Schematic 1] - [=] X
i) Ele Edt View Draw Schematic Project Simulate Options Tooks Scripts Window Help AWR &%
DS 4B EX o RAF N dddd e naBmo s ARNRR L L 2X3080 - Slios 0 TE-§
(03] Elements 3 x | T schematic 1 ¢ N vx
+ €29 Coplanar ~ ~
& 3 General

~~- Interconnects FOK 3

D renr Ditices Cospasne amyck ToHcK HopTsl
= 4k Lumped Element CXEMBI MOOENIHPOBaHHA 3JIEMEeHTOB THOHHHT

Ak Capacitor Cosganne 110 Ha3BaHHIO 3HAYeHHH

3¢ Coupled Inductor v
4+ Inductor rpadukos f:IaHOB’lfa
T3 laverter “3eMnu”

A Package

- Resistor

<> Resonators

& _Obsolete v

Models Description

Brok
KOMIIOHEHTOB

< >

l:?ijm (o) Elements [ ] Layout | < >
} 38 Status Window 2 x
B CopyAl X X |7 { Eﬁl

PI/ICYHOK 1.3 — OcHOBHBIC QJICMCHTEBI, KOTOPBIC UCITIOJIB3YIOTCA IIPpU CO3JaHUHU
CXCMBI

1.2 Co3maHue cxeMbl

B Omoke kommoHeHTOB 3axoauM B pasnen Elements->Circuit Elements-
>Lumped Elements, pacctaBiseM Hy)KHbIC HaM 3J€MEHTHI JIJIS HaIlled CXEMBI,
COEIMHSIEM X MEKIY COOOM U pacCTaBIsICM 3EMIIH:

[ Untitled Project - NI AWR Design Environment (12.02.7670 rev1, 64-bit) - [filter] - X
File Edit View Draw Schematic Project Simulate Options Tools Scripts Window Help AWR -8X
DeRsbox/ o RAMANsddd s 008 alFARCLRIRe Sfive uTE J
; [t Elements B x Tolfilter X | - X
] Circuit Elements A 2 TR N R L R R T R - - T
- APLAC CAP IND
229 Coplanar s s sn o oaoxa s sdDFOhaw v ovm 2 owa s sm @ owaow osw ID=L1: % o &=
- General e w s o e SO 5w s B omm ow He ® . L=1nH
~"- Interconnects
4 ‘Linear Devices . & B ; . | . | : @ omm E OB o BE @ 3 : s N T,
£-4F Lumped Element A . 0 . .
4k Capacitor s ® ' 4 § | 5 | S % P g % wow o o wmw e Moa o oo
3¢ Coupled Inductor 3 . AP w mow % B EE @3 s o owom . s owm @ wm @ o wmom oW W oW @ @
=7 Inductor
TF Inverter
T3 Package 8 OO & 3 & A CAP # R —a @ M w o ®m @ e & §n
- Resistor v [l . E 5 3 2 2 - ID=C2 X
R - 5 o L c=1 pF o BE W o o o L oo o o ae o ne
- ARIND  Flat Circular Spiral Wire Inducte. ||~~~ ~ ~ =~ R U A D B
~CCIND  Coileraft Inductor (Closed Form :
a~CCIND2  Coileraft Power ChipInductor (L[ [l © = = 0 0 0t e e
- CIND Toroidal Coil Inductor (Closed f
e COIL Air wound coil 3 : : o : N LR #oE A S® 2 ¥® o S® % MW 8 B®
< IND Inductor (Closed Form) ; @ ; ’ . : ; : ; ; : ; ; : s ow w2 : ;
- INDK Inductor With Optional Couplir o o o FE
SINDM  Mutual Inductance (Closed Fon —
2~INDQ  InductorwithQ (Closed Form) (|~ T Tt -
~~INDQP  Inductor with frequency depen: v
” s s @ mE P N $E O BE D D TR H BE P H PE L7 : 3 EE N BE B R 6 BE : : e,
Project | (%] Elements [ [ Layout | < >
34 Status Window 2 x
B CopyAl | X X |[3| @ : [=]8d

Pucynok 1.4 — Ilpocreitmas cxema

beIcTpo 3a1aTh 3HAaYEHHS] HOMUHAJIOB 3JIEMEHTOB MOKHO KJIIMKHYB Ha YHCJIO
BO3JIE 3JIEMEHTA, TaK )K€ CYIIECTBYET M APYrod BapUaHT, KJIMKHHUTE 2 pasza Io
KOMITOHEHTY U BaM OTKPOETCS OKHO BCEX BO3MOKHBIX IAPAMETPOB KOMIIOHEHTA.



Ceovictea: Element Options: CAP - Capacitor (Closed Form) X

Parameters Statistics Display User Attributes Symbol Layout Model Options Vector

Name Value Unit Tune Opt Limit Lower Upper Step Description

1 Bio] Name
RAc 1 pF [T S Capadtance

Name
[AEnable [JFreeze  Part Number ‘ | Show Secondar

OTMeHa Cnpaeka Element Help | = Vendor Helg

Pucynok 1.5 — 3aganue 3HaueHul r71eMeHTaM

Ilocne TOro Kak BCE€ HOMMHAJIBI KOMIIOHEHTOB pacCTaBJIEHBI, MOYHO
IPUCTYIUTH K MOJEIUPOBAHUIO HAILIEH CXEMBI.

1.3 MosryyeHue S-napameTpoB

S-mapamMeTpbl (WM BOJHOBBLIE MapameTphbl) HCTOIB3YIOTCS ISl OMHCAHHS
XapakTEepUCTUK  MHoromojtocHukoB  CBY  (cmecuteneld,  yCUIMTENEH,
HUPKYJISATOPOB U Tak aaniee). DU3ndyeckuid CMbICH S-MapaMeTpoB:

S11, S22 — koadduumeHTs OTpaXeHHWs OT TMEPBOTO M BTOPOrO MOpTa
COOTBETCTBEHHO;

S21 — xoadduLMeHT nepegadn ¢ NEpBOro NopTa Ha BTOPOH;

S12 — xoaddunreHT nepegadun co BTOPOTro MOpTa Ha MEPBHIi.

CAIIP AWRDE wmoxer moCTpoWTh S-TlapaMeTpbl JII000H  CXEMBI
NOCTPOCHHOM B HEM, a TakKe MOXXET paboTraTh ¢ (aimamu coAaepKalluMH 3TU
napameTpsr (.S2p).

PaccMoTpuM npuMep MOCTPOEHUsT CXEMBI IS TIOJYYEHHUSI S-TIapaMETPOB:

1. VYcranoBute HauanpHyl0 uactoTy(Start), KOHEUHYIO 4YacToTy(Stop) u
mar(Step) yepe3 KOTOpbId OyayT MPOUCXOAUTH M3MepeHus. s 3Toro oTkpoiiTe
Project Options->Frequencies.



Project Options X

Frequencies Schematics/Diagrams = Global Units  Interpolation/Passivity ~ Yield Options

Current Range Modify Range

0.01 ~ Start (GHz)

gi; |:| Single point
0.61 Stop (GHz) O add

0.81

121 Step (GHz) (@ Replace

1.41

1.61 [02 | [aeety |
1.81

2.01 e Sweep Type Data Entry Units
51 points (@) Linear GHz E

Delete Selected (O Logarithmic

Does not affect global units

OK OTMeHa Cnpaska

Pucynok 1.6 — OkHO npeaycTaHOBKH

2. Bwibepere snement Port m mpucoeauHHUTE €ro KO BXOAY U BBIXOIY
HaIlleH 1enn.

X Untitled Project - NI AWR Design Environment (12.02.7670 rev1, 64-bit) - [filter] — X
File Edit View Draw Schematic Project Simulate Options Tools Scripts Window Help AWR

NERlsBBX 0= RAF Naeaas s a2y alFEe et 2iBlees - slisgiaTE B
N

¢ [ Project
5 Project
5] Design Notes

2 x

[25] Project Options
1%y Global Definitions
[xY Global Definitions
/=) Data Files
[&] System Diagrams
=2 Circuit Schematics
[3] filter
[ Netlists
[7d EM Structures
(3= Output Equations
[z Graphs
[z Optimizer Goals
(= Yield Goals
= Output Files
[ Data Sets
[s85 Circuit Symbols
[z5) Simulation Filters
(5 Switch Lists
-8 Wizards
(5 User Folders

| (3 Project [ Elements | (&) Layout

/i fitter X [ Graph 1

CAP

PORT ID=C1

P=1
- 2=50 Ohm-

C=7.118pF

| . IND .
ID=L1
.. L=3.559nH

P=2. - - . - . .
Z=50 Ohm - - - -

[ Status Window

Copy All| X X

(3 Simulation - LIN:filter.SFDOC
2) 234:54PM Begin Simulate

A anar

Vinfo @) |[]4}

Pucynok 1.7 — Cxema 1151 mostydeHust S mapameTpoB

3. 3amyckaeM MOJEIMPOBAHUE IICTH, TOCIE Yero HEOOXOIUMO MOCTPOUTH
rpa¢uku. Jlasee BBITIOJHSIEM JEUCTBHS B COOTBETCTBUM C MPHUBEJACHHBIMH HIDKE

CKPHUHILIOTaMH.

m Untitled Project - NI AWR Design Environment (12.02.7670 rev1, 64-bit) - [filter]

File Edit View Draw Schematic Project Simulate Options Tools

el sBREx o RAFANsEeEEEs 0=y Al FERLLSEIR

Scripts  Window Help AWR

25l ® N TE:

Pucynox 1.8 — Co3nanue HoBoro rpaduka



[IpaBoii KHOMKOM MBIIIM MIEIKHUTE MO pabouell obmactu rTpaduka u
BbiOepuTe Add New Measurement. B oTkpbiBiieMcs: okHe BbiOupaeM Linear->Port
Parameters->S. Ilocne yero noctpoiite S11, S21.

Measurements
Measurement Type Measurement |Search... Data Source Name
(- Linear A~ | |ABCD g
G (@ .
AC H
- Orde To Port Index
~Gain SDeltaM | 1 | =
.. Noise SDeltaP ‘ 4
- Phase Shifter SModel From Port Index
7
- Port Parameters Y -
- PreRelease z “ B | -
S_ta_blhty v Sweep Freq (FDOC)
Scattering Coefficients (S Parameters) Use for x-axis v >
PORT_1
Simulator Default Linear M
- |Plot all traces el
Configuration | pefault v
Complex Modifier
(OReal O1imag. ®Mag. O Angle O AngleU
Complex Conjugate | 1dB
oK OTMeHa Cnpaska Apply Meas Help

Pucynok 1.9 — BeiGop mapamMeTpoB Juist TOCTPOCHHSI TPAPHUKOB

4. 3amyckaeM MOJIETUPOBAHUE LIETTH

[ Untitled Project - NI AWR Design Environment (12.02.7670 rev1, 64-bit) - [Graph 1] = X

@ File Edit View Draw Graph Project Simulate Options Tools Scripts Window Help AWR -8 X

D2E L BEXIo s RAE O SseeEEE s 08 Eme el EERn P BEP8cs S TE J

i [EProject 2 x v x
Project ~

| Graph 1 ~&-DB(IS(1,1)])

Project Options y
Global Definitions 0 = = filter

=8°
[ Global Definitions

& Data Files ~ -=-DB(|S(2,1)])

] System Diagrams / \g\ filter

- Circuit Schematics -10

[ fitter "

{3 Netlists %,

€| EM Structures
(3 Output Equations
(@ Graphs 20

-2 Graph 1 e
(] filterDB(S(1,1)]) ey
[ filter:DB(S2,1)]) -
&) Optimizer Goals B ~F
(= Yield Goals -30 |
= Output Files
[ Data Sets
(5 Circuit Symbols
[ Simulation Filters
[0 Switch Lists
- B Wizards 10 2010 4010 6010 8010 10000

[ User Folders Frequency (MHz)

Project | (2] Elements | (7] Layout < >

i 34 Status Window 2 x
Copy All | X X |52 i %l

Redo

Pucynox 1.10 — [TonydeHHbIie S-mmapaMeTpsI



2 JIaGopaTopHoe 3a1aHHe

B xome manHO# nmaGopaTopHOW pabOThl BaM HEOOXOJUMO O3HAKOMHUTHCS
CAIIP AWRDE. IlocTtpouts nBa npemsioxkeHHbIX Bapuanta cxem LC-QuibTpos,
paccunMTaTh HOMHHAJBI 3JIEMEHTOB, IO TOJYYEHHBIM pe3ylbTaTaM MOCTPOUTH
3aBHCHMOCTH S-TapaMeTPOB OT YaCTOTHI.

\ [

Pucynok 2.1 - 3aBucHMOCTB 3aTyXaHus OT 4YaCTOTBI

®

L

2C1 20 % L1
% L2
O * O

@ o

o |

=—1/2C: 212 ==1/2Cs 212

by

Pucynox 2.2 - cxognast cxema Jijist moCTpoeHus: (GUILTPOB

10



dopmyrbl pacueTa 3HaUeHUN 1eMeHTOB QuuibTpa Nel:

Ll f R
7rf2(f )
(f + f2)R
47[ f1f2
c_ f —f
1 4 fl sz
dopMyIIbl pacueTa 3HAYCHMIA DIIEMEHTOB (GHIbTpa Ne2:
c - f + f2
1 47rf f R
f - f R
L= (4 f f)
.
fl

C. =
27 7T, (T, R

[IprmMep BBINOTHEHHUS:

R=50 Owm;
f,=500MIL;
f, = 540MTIw.
Pacuet 3imemeHTOB cxeMbI Nel:
Ll fuR =368.4ul H;
f (f f,)
_(fy+ )R _ .
L2 _—47” : =15.3ulH;
C L =0.25n®;
1 4rf, TR

L :%+ L2 =0.2mMKk[H;

L :%+ L2 =0.2mx[ H;

C= 2C1 =0.50d.
Pacuert 31emeHTOB cxembl No2:

L2 = Ug= TR _ =0.59uK;

Arf,f,
fg +f
=, RO
f

C

= H =
5 7T .(f,— TR 0.147/0®

11
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[To pe3ynbraTaM BBIYUCIECHUN CTPOUM QUIBTP U rpaduk S-mapamMeTpos:

m Untitled Project - NI AWR Design Environment (12.02.7670 rev1, 64-bit) - [filter]

= X
i7"y File Edit View Draw Schematic Project Simulate Options Tools Scripts Window Help AWR -8 X
DERlsBEX o RAEHBeaS 8 08B EAREERCLBEIRes | Slive N THE-§
| [FProject 2 x Pofiiter x [E5 Graph 1] v X
= -

Bl DesignNotes | i

[&] Project Options

(x5 Global Definitions
[l Global Definitions

(=) Data Files

[+] System Diagrams

[ Circuit Schematics
[¥3] filter

{3 Netlists

7] EM Structures

(35 Output Equations

-l Graphs

-2 Graph 1

(<) Optimizer Goals

(& Vield Goals

& Output Files

[iw] Data Sets

39 Circuit Symbols

(30 Simulation Filters
[ Switch Lists

B Wizards

{55 User Folders

[] filter.DB{|S(1,1)])
1] filter:DB(S(,1)])

| (E roject [[] Elements | [ Layout <
i 3 Status Window. 2 x

Copy All | X >1<7‘;~ J ! %i

Pucynok 2.3 - Cxema coOpannoro ¢punstpa Nel 8 AWRDE

-4- DB(S(1,1)) £ DB({S(2,1))
filter fitter
O — T [=3

-10

-15

400 450 500

Frequency (MHz)

550 600

Pucynok 2.4 - Paccuntannsie S-napamerpsl GpuiabTpa Nel
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Eﬂmm[_wmm»wkﬁww&bmr
DR shEX oxRAR 0 ddsM s 002 ANRR Lo Bs328s SliNTE 08808 Blive R TE -}
(EProject # % sparar (5] Schematic 1 X

= @D Project
L] Design Notes
(@i Project Options
-l Globs! Definitions

%) Global Definitions

& Data Files

] System Diagrams

2] Circuit Schematics
%3 Schematic |

3 Netits CAP

2 EM Structures

@ Output Equations ID=C2
e C=6.1pF
2 Sparam PORT
B Schematic 1:08(S2.1))
/) Schematic 1:0845(1,1)]) P=1
& Optimizer Goals 7
i Vield Goals Z=50 Ohm
= Output Files ) | [
% {m Dets Sets \, y
&8 Gircuit Symbols ® - . e - y
) Simulation Filters | l . \‘
4D Switch Lists
w1 Wizsrds PORT

(23 User Folders
P=2

CAP —— — Z=50 Ohm
IND 1D=C1 IND

D=L1 | C=T4pF CAP
L=1.18 nﬁ@ ID=C3

N _ C=74 pF

Pucynok 2.5 - Cxema cobpannoro ¢punstpa Ne2 B8 AWRDE

Schematic 1 Schematic 1

‘ A-DB(S,D) 3 DB(S(1, 1))

Spar

-10

400 450 500 550 600
Frequency (MHz)

Pucynox 2.6 — Paccunrannsle S-mapameTpsl GpuiabTpa No2
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3 BapuaHThl 3a1aHui
Bapuanrt Nel:
R =50 Owm;

f, =100 MI'rg;
f, =140 MI';
Bapuant Ne2:
R =50 Owm;

f, =200 MI'm;
f, =240 MI';
Bapuant Ne3:
R =50 Owm;

f, =300 MI'm;
f, =340 MI';
Bapuant Ne4:
R =50 Owm;

f, =400 MI'r;
f, =440 MI';
Bapuant NeS:
R =50 Owm;

f, =550 MI'rg;
f, =590 MI';
Bapuant Ne6:
R =50 Om;

f, = 600 MI'm;
f, = 640 MI'w;
Bapuant Ne7:
R =50 Owm;

f, =700 MI'r;
f, =740 MTI';
BapuanT Ne8:
R =50 Owm;

f, =800 MI'r;
f, = 840 MTI';
Bapuant Ne9:
R =50 Owm;

f, =100 MI'm;
f, =120 MI';
Bapuant Nel0:
R =50 Om;

f, =280 MI'm;
f, = 320 MI'.



