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《微波工程与天线设计》实验题目 

电子科学与技术系 

陈欢磊 

 

利用 CST 或 HFSS 完成下列设计，题目难度按序号递增，所选

题目难度与最终成绩挂钩 

练习题（熟悉软件使用，必做） 

1、设计一个半波长偶极子天线（dipole antenna），工作频率 10 MHz，

效率>90%，材料理想金属。 

 

2、设计一个喇叭天线（horn antenna），工作频率 8 GHz，天线增益>15 

dB，材料铜（电导率 5.7E7 S/m）。 

 

3、设计一个螺旋天线（helix antenna），工作频率 100 MHz，材料铜

（电导率 5.7E7 S/m）辐射效率>80% 

 

文献重现题（通过文献初步感受天线设计，选一完成） 

4、根据文献 1 设计一个高增益微带线八木天线，将设计结果与文献

1 做比较。 

 

5、根据文献 2 设计一个扁平化双波段贴片天线，将设计结果与文献

2 做比较。 



6、根据文献 3 设计一个多波段 RFID 天线，将设计结果与文献 3 做比

较。 

 

简单天线设计（尝试设计简单天线，选一完成） 

7、设计一个贴片天线（patch antenna），工作频率 24 GHz-25 GHz，

天线增益2 dBi，50欧姆回波反射小于-10 dB，铜的电导率5.7E7 S/m，

厚度为 0.03 mm。介质材料εr=4.0，tanδ=0.1，采用两种不同的厚度

h=1 mm 和 h=0.3 mm。比较两种厚度带来的不同 

 

8、设计一个贴片天线（patch antenna），工作频率 76 GHz-81 GHz，

天线增益2 dBi，50欧姆回波反射小于-10 dB，铜的电导率5.7E7 S/m，

厚度为 0.03 mm。介质材料εr=3.2，tanδ=0.008，厚度 h=0.125 mm。

最小线宽 0.15 mm。 

 

面向应用的天线设计（自主选择合适的天线，选一完成） 

9、设计一个电波暗室中使用的测试天线，工作频率 18 GHz，带宽>1 

GHz，天线增益>20 dB，50 欧姆回波反射小于-15 dB。 

 

10、设计一个 wifi 天线，工作频率 2400 MHz-2483 MHz，天线增益> 

3 dBi。 

 

11、设计一个车载天线阵列，工作频段 76 GHz-81 GHz，天线增益>10 



dBi，旁瓣低于主瓣 16 dB 以上。介质材料εr=3.2，tanδ=0.008，厚度

h=0.125 mm。最小线宽 0.15 mm。 

滤波器设计 （必做） 

12、设计一个巴特沃思低通滤波器，其通带为 0 到 3 GHz，在 5 

GHz 的衰减为 20 dB，其特征阻抗为 75 Ω。用 ADS 画出插入损耗

随频率变化图。 

 

13、设计一个 5 级切比雪夫低通滤波器，其等波纹响应为 3 dB，截止

频率为 1 GHz，阻抗为 50 Ω。用 ADS 画出插入损耗随频率变化图，

并找出 0.6 GHz 所对应的损耗。 

 

结题要求 

1、课程设计报告：包含设计目标，天线模型，天线增益或效率图表，

远场辐射图，回波损耗图等各项反映天线性能指标的图表。滤波器电

路图，插入损耗随频率变化图。 

包含滤波器电路图 

2、CST 或 HFSS 项目文档，ADS 项目文档。 

3、设计答辩：准备 ppt 演示文稿，现场解说，若分组则小组成员需

分别介绍自己的工作，回答问题。 
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EXPERIMENT#2

oBJECr口四9

smdy由e renecuon。f plane waves&measure曲 e renecti。 n∞emoent。

丿7、丐ru?oDI`crIoN:

When a plane wave traVeling in one1nedum(e.g.挝 r,impinges on the surface of a second
me西um【 e。g.water,,由e wave“ panly tansm血 ed into由 e second medum and panly renected back in
the flrst me西um。 The amount of renecti° n dePends upon由 e an妒 e°fincidencρ and the pol耐 zation of

由e wave in addi吐 on to曲e mateial parameters of曲 etwo me西 a.The level of re且 ec讧on o represented

oy曲e rato Er/Ei,where Er is the¤ ec匝c neld。 fthe renected wave and Eiis the el∝ “c ndd。 f the

incident wave。 This ra刂o泌 called由 e renecti。 n coeF【cient Γ。

At a given position,the total eleculc fIeld of an unpolanzed plane wave v耐 es randomly in
tirne,、〃hⅡe the total elec峦 kf【eld of a Iinearly polanzed wave圩 aCes a st西 ght line.A wave can be
p°h也ed by le吨 ng虹 pass th⒑u吵 ap。 l狂讫ing要 ass· The orcular pol盯izing婪 ass used in由is lab has

a notch on诬 ed莒e。 This n° tch“ used to εnd out the girec刂 on of曲e elecuc neld of the Pol耐 ze-
wave as follows.The E-fIeld of曲 e pol函 zed wave“ in a山rection nonnd to a line passing throu曲

由e notch and曲 e center of the orcular婪 ass.The wavq^ss西 d to be Varauel pol溢 zed"if its Eˉ EeId“
in the° lane of incidence only.△ is"perpendicularly pd加 zed"if i△ Eˉn叫d is n。 ΙΙΙ!al to ihe。 lane of

incidence only。

η e Plane。f incidence必 a plane,which o nomd to the suface of由 e smple and∞ nt西ns由e

wave propaga吐 9卩 vect° r。

PREˉLAB WΩRK:

What do曲 9followhg smbols stand fo四

⑶ ⒐

9)ur

b)θr

h)u
c)θ t

i)εo

d,η

j)εr

e)n

k)ε

o uo
l,Γ⊥

m)Γ〃

z,  A laser be臼△订aVeling in西r,o inodent on由e§urface of a sample as shown in dle n墅re

below。 Plot l「 /n vs。 ⒐ and丨ΓJ vs.⒍ for O-⒐ 《⒑。Take enou吵 ∞hts to proⅡ∞ asmo°曲

。。raph。 Use the folIoψing parameters for the sample←°刂ce由扯medum l“ 扯o:
i)a⒓〓2.3,rz=1Cplas刂 c, ii)Erz=12,Fz=l tsiIicon,.



Loser \丨/
/丨 \ lncident、″aˇe

丨

Po1arizer

sample

MEAs已叹rⅣ〈:;rIE HFEcTFoⅣ  COEFFICIEN⒎    `
h the lab,electr1c or magne匚 c丘elds cannot be measured drectly.However,the incident and

renected p。wers can be Ineasured and then used in the fo11owing rela讧 ons to calculate the expe五 mental
value of Γ.

耳
Tl「亻η

 tf。 r par皿d pol疵ed wave,

耳
T|Γ
」刂

2艹

η
 (f。 r Perpendicular polanzed wave)

The cxpected di仟kulties in Ⅲs expeoment are in由e measurement of accunte an妙 es and powers

tboth h0dent and renected,.The pol征讫at0n ofthe Ⅱ曲tf∞m the lasers changes slowly wi曲 刂me
and thus the poψ er°f山e pol狙讫ed bcam changes also.There勋 re,every dme the re盘 ected power o
measured the inodent power should be mcasured.Also,tw to reduce the timo E〗 鱼口sed、 etween
measuong Pi&二 Pr。 This wi11help to nO1又 I贝 alize the e3℃ ct of any change in power.



PR@CED乙IRE&REPoR⒎
l) Leam to use the power mcter.The sensiti“ ty ofthe meter wⅢ have to be changed many吐 mes
du蛀ng the expeornent, therefOre dⅡ 1erent scale or multipher should be used. To get c。 nsistent
results,decide between you and your partner on how to「 ead power frorn the de且 ecjon of the rneter.

Also learn to measure the angle of incidence using the protractor and the plastic disc.Thc disc has

hnes on it which are5degTees apad. Please remembcr thatthe angles are always rneasured fron△ the
nouェェal on the surface ofthe sa】 nple.

⑷ Leam to paralIel pOlar讫 e and perpen山 cularly pol盯乜e the laser beam by using a pol盯 izer。 In the

following steps the laser bearn must be pola∏ zed.

3) U“ng the pr。cedure expl西 ned above,measure the eXpeomental value of Γ〃 and Γ上勋r the
provided sample to veh卸 each。。raph Of由 e pre-lab work atleast at four points(the points Ⅵ犭ll be

xfled on each h by曲 eTA).Put d。 wn土p observations and results in a table as follows∶

4)  Plot the expeomental values of Γ〃and Γ⊥on the corresponding。oraPhs of曲 e pre-lab wOrk.

A内ust曲e values。f εr2虹 ightˇ h the equations of the preˉlab wOrk to p叩 duce new。oraphs for「 //

and Γ⊥ which wOuld be住er丘t the expeomental results.What va1ue。 fεr2produces the best fIt?Ih the

repoR,include the肛 aphs produced with the new esthnate of εr2.

QUESTroNs
Q1)Is the parallel polanzed wave a special case oflinear polaozation?

Q⑷ A laser beam,wⅡch is either parallel pol⒛ hzeJor perpendcular polaized,is traveling in巾 e西 r.

How can you detenm匚 ne the polaozaoon ofthe beam by ushg a Plexi日 lass samplo?

Q3)A beam o° m a laser,operating at1013比 ,o nO【上ΙIallv hodent on the suf犯 e of dsulled water.

The rela吐 ě pe-住 iVity of water is 80,the relauve peェ “ΙeabⅡ ity is I and山 e conducuvity is

2× l04S`m。

a)Isthe water smple a good山 elec乜ic or a。。ood c0nductor in this case?Wh^?
bJ Calcul扯 e”e血a。mtude ofthe re且 ecton coef【 c忆nt.

Γ=(Pr/Pi)^1/2
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Antenna lNear-且 eld bΙ easure]mLents

1.ⅢTRODUCTION

This manual dcscobes the oPcra。 °n of山e Nearndd sysLems L止e s°§、vare。

Near-丘 eld meas刂ements provide a&阝 t and acc,mte method of deten=⒒nng the antenna
gan,pauα△ p° l函zauon and pfovides the Gapabih吖 for c° mputer c。 n口。lkd muluˉ      '
各equency,mdibeam antenna me灬刂emen‘ h ash。 e scan。

A卫temn me丕 Lrements by ne臼-fleId rne也 ods can provide s恒 五丘cant ad△,a巳臼ges
over compeung tec血 ques.These advan饵 es include∶

·  Veγ  h娄 accu⒙cy.

·  Ⅲ典 thm鸭「.p匹 .

·     C0匝 plete cha⒙cEe咖on° f the antenn9pcHonuance.

·    Con订0l0fzero G e￡ ℃c‘ .

·    山̌泣mal real e“红e requLements.

·     EIi"linn。 。n0fdelay due to wea由er.

·    】̌e酏 ements c洫 be naade h tb~e antenn9assembly area~

·     Co卩 pa包 blC′W【也 叩ec⒈Ⅱ prOJect secunV req"lre皿 en‘ .

Pl如盯 ne盯-配ld meas刂 e匝ents卩。访de a conve血enE Ene由od】or dete咖 g the

FHo亠 ...ance°f me山 9lm to h吵 g血 antennn⒌ hfo亠 ..蔽on av茁 labIe&om near-且 eld

me丛町ements hcludes∶

1.    Far-￡ ield pa住em

2.  Ⅱ A且故沮na g刀1n                  `

3.     Antenn· R扯ecuu〃

4.    Cross pola-tlon level

5.   B~wld也

6.  Be9m po匝姐名

7.    Phase c¤止σ posIuo且

8.  Dcfoc岫 g

9, Autotack⑴ onop卟e)b泌 ;。cale factor and血四姆

10.   Phased amy q1ernent exci伍这o且 -∶     ·

ri ~ 二         :                 ·

11.  Renector虫珏强re茁欧o五o⒒ measWgoents



1.1SYSTEl△IOVERⅥEW
Figvre1.l-l,shows a田 Tical neaE臣 eld meas刂ement system.t1Ⅱ s sy“em

hcludes 世Fee elements∶ a robotics scanner hcluding an opocs system for precise

measu㈦ nent of probe position,an RF subsy孓 ern,and a c° mp讧er subsystem~ The Rf

subsystem consists°f a rmcrowave receiver con且 eCted to a且 eld probhg antenna The

probe anrem眨 is moved under computer control over a planar sLrface h 丘。nt° f由e

AntenrJa Under Test(AtJm.The neErr-丘 eld r狙ge dctα
=Ⅱ

Ks由e eqovalent￡ LrΓ-εeld

钾 tenna pe晶 mance山ou典 忡 o basic纹 eps∶         '

1. It meas刂∞ 也eAσ’sⅡ丕e aILd nmplitude孜 匕 own posi吐 ons。

2.    It aoplies a Founer tans勤 二Ⅱ to the Eneas刂ed山血 ro ev挝 uate its

pσ奶lェⅡance h山 ef狩-且eld。

The NSI pro∈≡辽n has M、 mnin pr0gr=n secoons; 血臼 acq也 si吐on and 血⒓

proces助碍。Ih ad曲oon,也ere¨ sevenl o也er sec0ons wⅡ CL help analyze and process

山e拉迈

Ⅱ乎reFˉ⒈IN臼 r-熊uM匕 m饣 ment s阝 e皿



1.1.1Data Acqu泌 ition

The daLl acq匝sition prOg⒘Ⅱn sec刂°n consigⅡ (Dr^three m钊°rsubm。 ddes∶

1.Test destl‘萨on匝enⅡ :-ηFse menⅡ d犭he由e⒐u。f test md tlhe b丕 ic

prope“ es of山 eo㈤ect tud∝ tesL ths h凡‘=n荻№n。 also used by也 ew“em
to automaucaⅡ y semo the test.

’

一 Scan Pauern men‘ ∶'= Tnese 匝enus let you

pa∮er巳~ ∶Γhe serLID can be auto匝 atlC0r rn,nua1.

Scan Hming menⅡ∶-tLese menus con刂 ol山e

sequence.  t1蛀s  menu  is  neeoed pr,Jnanly

meas刂cnents~

dc】△K the des△ ed scannmg

t1rl· tng °f the 日巳e灬urement
for c° mplex  ⅡlIⅡobea=n

1.⒈2 Data PrOcessing

The da¤1processug secoon consi臼 ‘of￡ovr pro~-m° ddes∶

1. PreProcessor∶ P̄roudes opoo「~al modiEcauons t° the ra、〃Eneas刂ements.

FarˉEeId吣 凡Ι豇 C̄on吧灬 山o preProcessed ncar-丘 eld皿 en`刂ements to
the far-丘 eld by a FotLrrr unsfoIu.  Probe c° Ⅱec刂°n, p。 la「.zauon 扭d
coordinate,y欧ems are specxned here.

Holo筝△北k unsfo|皿:-F0亠 us a plan征 丘dd image&° m the far-fleld

△ ¤ 南 !丛‘ed血 么 wⅡ ch c扭 be mnslaEed to也 e ant∞皿 叩 Cme如 r ap口we
din m° s吐 cs。

q巾 hcs∶ -Displays也eg叩 虫迓 ⑾Ⅱ哎 of也e nea`￡ e炖 farˉEeld and
hdq乒叩Ⅱc Ch⒓ hav盯 ie〃 °f fomats su虫 as:Grey scale,Cont淡.3D,
nⅡ龃on茁suibu讧°n plots CRDPl,and° ne d皿ensl° nal cuLs and“曲ags。 h
ndd亻讧on, 叩 pⅡcs mes can bc crcated for【mportLng nto Word process皿 g
pro翟

=a口
〓⒌

I。I3Calculators

η必 sec刂°ni口cludes a scoes of calcMors used犭访 gma pt=p。 se
∞ ⅡP吐西 αs Tncse mlcdators are fOr cQnvenlmce OEly md do not afe吱 pro泓0uL
涮 ‘.__      ̄              ′ ˉ      ~∶ ~⋯¨∶~ˉˉ

’

一

4.



1.2BLOcK D⒒GRAM
The Figvre 1.2-l shows a block diagam

c∝匝印red颐也 dle AUT h receive mode。

for a near咱 eld meas刂 ement system

'。Ns`233L日 L0Cκ DIAGRAM
(s-卩 arameter Test set

Con旧 guration)

·

---  
·

9               ^

star,daro

Ga1r

Hom ˉ

〓
抑

一

冖
〓
冖.

一

0
v
△

口

Fi叩re12~l Near FieId l△ Ie盎surement sVste匝 BloCk Diag⒓Ⅱ sho碗g DuaI~

Source Rece~e∴



2.NSIˇ笙ENU SYSTElVI

ηkl町S1Progr臼 Eェ comm"n1(Ξ辶tes m也 you by using a sertes of nested menus.飞 e
lVIa山α lVIenu lets you call v如 ous submenus wⅡch h mn】 can call。 ther。p刂ons and
men“ .

Menu opoorLs are selected by Vphg也eⅡ!mbα 。r le讧er ne怼 to山e desLˉed
opoon.虍Ltthe top of each【 nenu is a阝 nenu匚刂e and menu code.The Inenu is diⅤ ided L】t°

^〃

o basic parcs. The upper p狂 contnins n11mbered opoo【 ls and山el°wer part cont· lin`

leter op吐ons.TLe upPer Part changes佥 om menuto menu~丁 he lower parL wⅡ ch always
rem拉Ⅱ 也e阳me,contan5geneml op吐oⅡ.These opo。 ns are∶

<F1)
M

<EsC)
<″ )

旺 LP
M血 皿em
Done

D诬 to hⅡ叩re臼r

2.1F1~Help and FauIt help keys

lMost menus have conteⅪ sensi过 vo help wⅡ ch d必plavs help based。 n曲e menu
items selected hs hε lP厶 dsPoyed by presshg the(F1》 §n西°n key。 It臣ves you
sunm呵 皿 。r口aion th荻 厶 ass画纽ed呐也 由ec刂rent menu and opoons.Dumg缸dts,
由eFl Ⅱ煎 吣 e is t△ lac执 w池 a bl血血 g rllow F.Pre$hg F狂 血 st血e顿Ⅱ pro说de
an eXDlan” 吐on of山e虫吐t con山过o△

"may also m酞
e rec°mmm山缸ons to elim汛 ate曲e

hdtc。 nd过°⒒ ηk(F王冫key血 11wo虫s at血s time b咬 on0t西 splayed。

2.2~NI~MEⅡn=n茴血u key

The M key扯 w曰” remms you to山eM巫n(h掣Fst level)Menu. In t旺 s

doclˇ ment9臼°n,we use M codes to teu y。 uh。w to血逋 a臣ven匝enL An M code厶
suVly a key st。 ke sequence that wm place y。 uha要 Ⅵ殂 匝Cnu.TLe血哽 氵ubo10an
M be四Ⅱe瓯 wⅡ place you蔽 a hown mrLLng po血 (伍e瓯 Mm⒆ .O也er nllmbers
or lettqo nangate you由 m吖典 the menu system.As an exarnple,(M01>wm place you
h the scan p峦由匝menL Presshg~Ι wm Ⅱ洫 y。u back to曲eM血 Me狂u

2·
卩 <ESCAPE>Key

。The<EscAPD key,w匝ch厶 nomauy l。cated at the top le丘 “de of the
keybo双1△咄 l9△宀you to a卩mous menL F迁 必 pPss配 enoη典 山 路 ,y°u哂 ⒒ re讧〓n
to the l山血 M姐L .                         ·



2.4Ad山tⅡnd Real~Ti甲eC。mmand Keys

Addtio¤Ⅱ real-time cα mⅡuds are av巫lable in由 e皿enu
is showu by“讧hgthe Ⅱ key.A list is sh° wn h Table2.1.4~⒈

system. A list。 f these

Table2‘ 。4-l Real~The kev n虻

ηk^h由 eh° t key means you hold山e(CtrI>key d° wu wⅡle presshg也 e
扯s“dkⅡr,For α日mple,^s means阝 ” hoⅡ 也e<CH>Ⅱ y 

Ψuepr邙sing由e s key.

2.5Nu¤Lber Entry

、∷ Nu=nbcrs are entered u1some ofthe
C0匝bhau0n° f the fol⊥ owhgs扭 boIs∶

0123456789。 ēE

menu opoons。

`rLmbers are enEered us白
ag a

NQ o曲。Fsymb。 ls s№ uld“ Ⅱed.Ex^mPles ofvalid nlImenc皿 puts hcl“k∶

I 1.,1 1̄ 1.2e5 ē4 l̄Eˉ 14

FuⅡc炷oⅡ              |C。 mment

q      |G印 hic di Di卯 t吖s tast~~hsJc~rcd

M to“〓vrn to口 cnus

P       |PIot n曲 fo溢扇 t扌 selecti° nO-9.aˉ z° r~
R      |Recgiˇ cr data |Plo【 RF ca臼 in四日0“ 扎nn冰

Measure L酞

i‘ (

ave【 c日 gth modc⒃

snclJ                rcXirj° rcti11::|i to

Aborr F〓‘由m or ρtot              | 1。dVC:0rCsc:口 。n幺r
Plo‘ p19ur and甲 ″i茁hcsback ω CRT m°dc

^R     |R瓴oⅡ nrcv∝∞rto n曲 Entσ sclcc“ on O-9,aˉ z°「
save souc vcctor to nth |EnEt sc1-on O~9.aˉ z° r·



3.lMEAsURE卜ΙENTs

3.1]Ιow t。 make a single-pol nenr-￡ eld n△ easurements

对豁
e￥l辙

￥Ⅰ鞲 啦
F盟⒒塄莨1拶扌嚣 :

正髁 、虫探霪 押r裱冁 槲 耻 槲 瑙
h de△彐吐h the pE皿鲫 hs thar foⅡ ow,

Table3.2。 lˉ l steps tO匝 al由1gasuge~pol二ear-Edd measurement

1.)Tt:.r:scmp

hdGx scamσ (̄MO!∈0
卜foum AUt
Com“:RF

2.)C° nng亠 re te“

Tα丈刂deˉ <MO00>
sc:AⅡ sizcˉ <MO06>
sc:prgbc s讫 cˉ (MO0扮 (~fO09)

sctpmbc pdan,i△ °nˉ (tM0086>(MO096)

set pr°。c distanccˉ (IVfO0B●·(MO09)
sc:max farˉ Ec圮 mg∶ eˉ <MO01》  ·

Au:o scan s¤ Ⅱvˉ (MO0A)(M0OB)  ∶
se:羊 probc pols:olˉ <MO03)

3,)Vo卩 匆 RF0pcnt° rl

Check receiˇ ￠S灬 <̄tMO55>

4)Bcgh m娜 mc“
E【盯 c°~c△rsˉ (MO5◇
selα〓EIc。amc~<MO5z)
A凹 uiⅡ d狙 (̄MO5Φ

5.)T曰n彐orm d,冖 t° far￡ CId

set po1口 vct° E ponopaIˉ <MI380r· b

sc【 cα ou巾utto CRTˉ (ˇi11◇
Sc{cct plot。Tc~<~￡ 【l;)
P1o:pa-ˉ (tVt11,

()M臼u nt=nbo‘ in parcn由g凼 刁Ⅱ孔r吖Ihdnd&”hod
【‘:‘卩:s、

Step l~Tesi setuP:                  ∵   
·

ηk色 i step厶 ro set uP曲 e tesL

1.)hdex由e照姒盯,rne a甙 吐屺由esymn瓜 mm“ on如r曲e day you s:hould h扯x the sr9,,n∝
飞 厶 Ⅱakes由e scmners po蕊 。on hmm to tLe s° m呢R. shc。。由ere厶 no dR“ mcodcr
hdback and au血“ 酞 men‘ 永 rc晒ve,由 e scanner Ⅱ旺 be汛cx丬 晓 cncvσ thesonWR o
咖

⒉)lVotnt由 eAU⒈ h gmmL heAUrn~d`∞ be匝0ured如匝3to5拓ⅣcImms鼠皿 曲e
pmb￠.Mosr￠ the浊Ⅱ 逑 峦Ⅱ∞ 曰 bc scE‘hg a叩函 mc冖 le,由o四iF照桠
m蛳 电 t。 n。r hpomtaslong as a n∝ h·tn宀 l rc缸曰 c~。

卩
¨ cnt厶 n。t:△ 町 “ ⒈

rne facε 。f曲⒍Atrr sh。 uld bc aPpro砸 ately卩闹 Fd to曲es~pIane J由e probe and mhe
cent口 。f曲e sGanncE



v盥

嚣苒擗截斟芽菇驻璁l狲萝∵t紧Ⅰ°撬

wAmⅫNG: O最en匝娄 Ⅱarˉ丘eld powσ  deⅡⅡes can be created佥 om

∶::l:if∶逞摄 :糠篝
h配西°描d°瓦:丨:Ⅰ;:1:lJl;氵;lI:鞲:找

steP2~con珏。cure the tes⒈

菸搬 虽骣掾醛群弑弼:黯
⒒T拶狱

=
⑴湃&捃|1:Fj;}】l:F1器擢 牒 嘿二裂坩袋圹

e∞p。f锶ch uo· ∝m

2.)刍αα 曲e Aσrs位eh mmu<MO00α or mandaro〃 )En:er Lhe s注 of Ehq an:em莎 龃 deⅡte又
m沌 enu wi王1heV auE。m征屺碰ly de茁rm血e曲ea臼卜 aeld s~s亡峦 .

∶瀹攥獾辍弼饕擗犁奋⒘趸
?鞲瑟臣冁鞲 蚓押揣f黢:觜玉1】:;fI∶躐

probc’ s pn丑CiPIe ax厶 aud曲e$a⒒er X aXis

fW pol如彐oon and曲eo旦山:c° lunn o由e∶

only由 e leR∞ lLmn wⅡI be曲剐aycd.Entel
Th00曲 ep沌 be∞tc西 on modelto be used
to re⒒ hd曲e you whar coudⅡ ons由 e nearˉ εeld dao was酞m.

5.)En:erthe Pmbe d蚯 扭∝ us血g Ⅱenu<MOo9>∞r MOOA),0圮 t Ⅱandatory)。 ⒒“ o由e曲砭“ e

拄摞卷i变描蒜岁嬲弑
抒

F1器辉
鞯薮茧

器裙黥狃d fe配 or subreae出⒒ If us血 g cyhdeocaI|
由e ar,臼maⅡ咄

(MO0扮。

6◆ EnⅡrthe MⅨ  hrˉ称ld augIe ushg menu(MOoo αotⅡanH9fnry)n“ sh。 dd bescrro a due

:

0束曲
】f菡F￡J∴∶】∶L昱∶∶孟￡品豆是莒猡

00A>°双沁⑶丽 匝andatQ⑺,订 aurom盂cany
meⅡu MO4. see secoon:.l彡L4.       ˉ



⑴
强rⅢ西丨建 毂w瑟置互絮糍￡乳碧岁缸1龆嚣⒈J∷措

h臼 set臼g曲e卸°、∞ one哂 ll noc afFeα thJ scm
tLrp.e.

Step3ˉ Venf'RF Ope工 ▲don

孔 e ⅡⅫ step‘ to ven卸 由e signal sour∝ ,r∝eiv∝,and associ弭 ed RF"upment are∞ nnectcd
and oPennng properly.

l.)Veo卸 由aE由er∝e~&飞川 厶“吵 en° u吵 for曲e ulrended缸 ε̄ek measuremen△ A good mle o
由aE由e pnncipal nearˉ εeId S刀ˇw1u bc ab。u:ecu烈 to由 e pnncipal farˉεeld s刀ˇlevel for aˉ 3o db
sidelobc. The hrˉ fie1ds用ˇlevel oue to rec:iˇ er S刀ˇαn bcc。 mPuted with rr.enu<`衽24>

to“巛 ase曲 e nearˉ εcld夕γ W oneof曲 e=r。 l1ow“ g∶

o Mi〓〓乙口二i卫冫〓cable len窨
,刂

1s.

h̄c田 Bse rec忆 ver ave口 g咀筝
(MO55)

ˉV葫 卸 由aE由cre are good∞ 哑 eC00ns to all comooncn‘ 。

st心p4~Bq酎h~Ιeasurement

Y°u are now mdy to labd a aeandsuE曲 e scan。

⒈)Enrer∞ mmcn‘ about由et氓 山menu hem(t,iO54>。 犰 ese are∞ 刚uen‘ spec沉 cal】y about山厶
t“△ 刀平y rnay皿Clude sPecid“t coⅡ dhoEs or some由hg e‘ c no战 k山°ut由et~‘ The抵
∞mmentlhc顶Ⅱ be由叩△肛d when you do a do¤叼 厶谊呜(MO5s)so choose a des.“

Pove
刂dc。 A止 龃th“ 顿Ⅱ bc dⅡ hycd on au pl。‘.   -

2.)select a国 hmm。̄ us汪g meau lrm(MO5≥ .π。s“ 曲en幽⒃ o￡曲 e εle孔r曲os冖nn.You have
ei吕0t dp扯⒒mcoc charaC¨ 勋llow配 by a由“

=(由
a曰a叮 extcnsion。 Υou shodd choose a

menamc曲 aE o dg.“卩“ve of吐Fm“ aud also auows f。r a family of臼 “ . For eⅪⅡ叩le

XsGHO【 。dat F“ ght be thc抵 h aseo“ oftcs mBde on an Xˉ band獭dad眢血 h。m~Always
end山e memne顿也 曲e.dat α

'阝
忆已 t出 唰 皿ake k臼 s妇r to usc山 e NsI国cd屺∞ ry匝

曲e蚯 ·To sct由 e dc伽kd-扯 汪“如ry and so吡 哑 acnan‘ have Mdyb~99。 H̄脉
oPdm硎 o5s>狙 d口 ter由e洌 陌 oⅡowed by∴ daL Ⅱ r α 扭 ple r奸 rI。ˉ 曰岔 帅 w峦
C如A⒒ you w涮 d dter αXDATAkηA⒈ 妯峦 山延 酗 cs you a铷岵 。「au the"艹 Els h
曲cCw1TA蚰 酞 凼 叩 nd s灬 山c de叩

:午 平 屮
娜 ”

C蛔A狄
' △ 乒

3·)^cq吓“ 由e由诅 us血g menu(MO50ˉ·~羽杰 鸵盯‘ 也esn△ .WhⅡ e~scanmgI曲 c sσα江 访 Ⅱ
曲剐 ay a“g吖 scale” Plot曲 at o叩 dated CDased on曲e dehredeaver se¨ n⒄ at曲eC谰Lofeach
吖 ~Yo吐 α⒒ 。b父we由 e己匝plimde由虫 0n由 e le众 haF of也e“叩℃n,and山 e phas色 d”石 ou由e
。吵 △



NoTE:If aE盯Ψ由me you needt。 abort oΓ srop由e scanner,prcss由c(es氵 key。

step5ˉ 'rransf。
r】II data to far fIeld

⒒ e钿al step is to rransfom由 e me“刂ed山血 hto a farˉεeld pa=eⅡ .

㈡
潞Ι嚣枷膜苷营:鞯弼膦芦蜇:1钅甘⒒客弼弦嬲

2.) set由 e Dao Proc甾 shg menu⒃ f打 ε̄eld us血g menu(MⅡ o)which cydes betwee订 near~ε e1d,
farˉ fxeld and holo~.

⑴
齐点⒒F絮ri=抵衣昆逻F:群:摭宓讠奚、咒f穿Fu廴Fe$Ken‘

opp“ed⒃ a

⑴
菸谳 搀 渡 蚕t篮橱

⒊甘ΙE掷瑟,W胃T甜父摞

∶抚 J⒎T￡莒描罢琶⒉冫絮漉篮
赞鞋找槲 J坩占

9is incous△ Ⅱenr for a conr° ur or3~D plo△  卜《ake svr它
<tVt135andˇ n36>are n。 c secto1.

5.) P1° C由 e pa讧em(M115>.飞 厶gnphs由 e PI。E as set up h由 e menus.1t~als° be done ushg
由e“G” key色℃m any rnenu~ to rnake a hard copy,qcle m∞ u opoon4un吐 1“ dⅡ凵艮hard copy” 。r
、i吵 quality hard cop厂 厶dⅡ Iaye戏 曲∞ “t由e“G” k吖.As汕 pkr w吖 to ge:a hard∞ 吖 o
jus:ch。°se^H.

F臼丁讠gzd以″ pⅡ众〃坨

押 嗖1晶莰%甙
穸瑟留乙L叮锴浜

Hz

慨 :z空
蜜Ξ首l甚卺毛ο
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1.1  Lab5: Compu七atiOnal techniques∶ 1匹Odes
in a waveguide

1.1.1  Prelab: Derivation of analytical f° rmulas

R眇re△。⒈ G∞motry of an茁 rn⒒ed X~banσ rectarL叩 laJ w押e。cui浼

h tus lab we want to use the Fi遄te Di鼬ence Method(FDM)to c° m~
0ute the虽 rst~钇 ur r山fz m。des。 f the standard茁⒈狃led X-band rectangu1ar
wap`eε卩a记《see Fibcure1.l).Since an e⒑ ct solution exists to the problem
we atre s° lving,your prelab task is to derive the删 ytical expressions of the

decHcand ma田 etic nelds,and the cutof殳凹uencies of the various modes(

Fi。-e⒈ l)。 Y°u can use thq a汛 liary magnetic vector potential fOr t蚰

purpose∶ The prelab will∞ unt for50%°f this lab report。crade.

1.2 so1ution to this Eigen Va1ue Prob1em(EⅤ P)
using FDˇI

1.2∶ 1 Problem’s statement

Mathematicauy the system we have to numericany s。lve is:

-v:砂 〓亻矽

日
日
0
冖

6
冖

"
°

a=22.86mm



And

叩剑
{蕴〓s

(1.2)

To solve tho EVP using the FDM,we convert the-V:oper狨 °r equ犹 i°n(1.l)
to a matrix-b凼 ed linear equation of the forΠ ⒈

〔Al〈￠l=括:(矽 ) (l.㈤

where〔Al k the FDM representaton J-V:,and(矽 )is the FDM rcpresen-
tation of the eigenvector砂  Ⅱs° ciated to th阝 >eigenvalue灯 :. Using Jacobi’ s

FDM scheme-V弘 can be writterL as∶

-(           十坐L咀二

屋蚩渎
|卫

L生二

)

Re。orouping all the terΠ 】on乙 saIne de且 0Πunator,

碥 m川 翎
2-吲

翎

`幅
以 翎 ′ 蜗 哪 -盹 ,×△3尸 +咖~㈣

or,

嬲 ⑴jˉ 忱jH黼    “⑷
-仇 汩 豳

-忱 +巧黼
-忱 ˉ j蹁

)

Let’ s put

往

钱

‰

矽

 
的

v
 

一

一 
 
 

≡8’ J

e
 

法
Ψ

≡瑚
 αο

nehn

〓 
ac

〓

w
e

嬲
:∶

 ∶
邸

1∶扩ω2)

2((Δ￡)2+(Δ v)2)

+砂犭j~王 )ˉ α2(砂讠+1,丿 +矽j~l,j))

(1·⑴

(1.⑴

(1· 7)

(1· 8)

1.2.2∶ .Grid setup

氓龟set up a regular god i且 spaCe, 卢Lll the bounda日
`c。

n山 tions are Dirichlet,

so tht the如 td mmber of unknownsis(凡 -㈥ +(几 -2).
shre备 =铮猞==,we can∞ t up a re耻 laJ。qⅡ usi且⒏

{ 1Ⅴ

ε̄̄l=#°f『id sp已Ce in X:〓 9q

t Ⅳvˉ 1〓 #°f gid sPace in y=4g

0r

·
         { 芳;∶∶∶:∶∶:

The neX比 step is to give the exPhcit expressions of the FDR压 representation

of v:,狨 all points of the borid.
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F瑭u∞ 1·⒉ GrⅡ scheme for匆1=9,几=7



1。 2.3 FD representatk江 Ls of-V泅

The gl°bal expresson for-V:￠ ,for the Jacobi scheme was derhed h equ扯
t。n(l.6).Since α。“a∞mmon factOr勤 r all terms,we need not∞mpute此
for each term.We will comPute亠 l1the ter“ェs using the si王nph￡ ed expressi° n
below狙d theIl muhply ul Ⅱ㈨.

-α l矽讠,J+1ˉ α1矽讠,J~lˉ α2矽刂+1,J— α2矽△1j+砂讠,J     (1.9)

Considering the Dirichlet boundary conditioos,we can distinguish nine.dif-

ferent cases.In each case,we apply the汪 0°ve formula,but we take into

acco1】 ηt that矽 =0a1。 ng the boundaries.

·bri=2mdj=2(bottom k⒏ haiELd∞ meθ

ᾱ王矽2,3ˉ α2矽3,2+矽 2,2

·for i=3,Nyo2and j=2

-α】￠讠,3ˉ α2砂讠+】 ,2ˉ α2砂讠~l,2+矽讠,2

·for i=Nyˉl andj=2

-α 1矽ⅣΨ̄1,3ˉ α2矽Ⅳvˉ2,2+砂Ⅳvˉ l,2

●for i=2∝ld j=3,Nx-2

-αΙ砂2,J+】 -α1矽2J~l-α2矽3,J+砂 2,J

·for i=3,~Nyˉ 2^η dj=3,Nxˉ2

-α 1矽讠j+lˉ α1ψj,J~】 ˉ α2矽刂+I,jˉ α2矽Ⅱ 】,J+￠ 氵J

●for i=N卜1nnd j=3,Nx-2

-αl砂Ⅳvˉ l,j+1ˉ αI￠ⅣΨ̄1j~Lˉ α2￠Ⅳvˉ 2,丿 十￠Ⅳ饣̄1,J

·for i=2∝1dj=Nx-1

-α⊥砂2,Ⅳ=~2ˉ
α2矽 3,Ⅳ=~1+砂2`忆~1

·for i=3,N卜 2”,dj=Nx-l

一 α ェ矽 氵,Ⅳ臼 -2ˉ α 2矽 评 1JVJ-I^α 2￠ j~1,Ⅳ
=-】

+慨 ,Ⅳ饣 ˉ △

·for i=Ny-l andj=Nx-1                        Ⅱ

—α1砂Ⅳvˉ 1,JV=-2ˉ α2砂Ⅳvˉ 2,Ⅳ=-l+矽Ⅳvˉ 1,Ⅳ=-廴



1.2.4 Numbering七 he unknowns

To write the above expressions in a matrix for.=n, it is necessary to assign

each n°de in the gΛ d a u“ que integer。  In other words,we must order the

unknowns.Considering F璁ure(l,2)the f。 llowhg numbering foll° ws∶

n=0-2)衤 (Rlv-2)+(讠 一l)

and for the reciproc∶

'{t吖
回骂扌⒇丬

1.2.5  Fi⒒ing in the matrIX and solving

once the1】 nk耳owns are numbered,and the9diσ erent cases identined,it is

easy to n11in the matrix. 氓龟can notice that the matrix is sparse,so that

it is appropriate to save it in a sp盯 se form。  TlⅡs can be done using the

m茁lab∞mmand∶ “A=sparse(Ⅱ ,口 ,Ⅱ ,N,N,0)” where N is the t° tal numbe.r
0f unk且0Wns. lrhe sparsity of the matrix can be observed using the matlab

∞mmand`p/,The b⒒ o诫 nbo且犁res壶ow ths叩峦sity(Fi。。ures(1.3and
1· 4).

·、̂̀
i`lE)must地

m diagonalize lAl,that。 to s泛:1∶,`nnd北s ei孓nvalues and the

associated eigenvectors. Nevertheless, 、〃e need not completely diag°△alize

〔Al,“nce we钔℃only interested in the nr乩 bur⒍孓nvdue⒌ ths c乩 bs
done using the matlab∞ m血and“ tv·

p,且a。ol=。。。s(A,4,0)” .   
ˉ ∶

△.2.6  V廴 uaⅡzation of the transVerse且 elds

Electric neld

The m缸e used t° c°mpute and plot the田 oous electric aa magnetic￡ elds

w⒒lbe g· ven to you by the TA。 The shape ofthose graphs o sh“ laJ to what
we got心 si且g the nnalytica1fO‘ .udas.          ¨
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Lab6:si1nuladon of a Ⅱ⒒crostr1p Ⅱlter using s@9z兑 εr

Th^lab w灬 de“璺℃dω 鲈ve an ov芑而 ew of a“md荻ion ωd currently诛 ed h RF    丿

design.

The circuit is a2po血 rmcrostnp f【 1ter with a15∶ uⅡ AluⅡina substrate and100【 uⅡs。f乩r ‘

above。  The surrounding box, which is used to sho芷  the resonators, has perfectly

conducung sidewalls.



γ̌hdoWs

1  Select ShH=)Pro萝α拓‘o&” ″召r=→ so″″εr from曲 eW:ndows desktop

start menu.

凡 e Sonnettask bar appears on your dispIay.

ob馁拉Ⅱng the EXa△ 1pIe FⅡ es

Example mes are supphed wl由 your so泗 are。 h orderto avoid comp吐 ng the

eXampIe f【Ies,you mustcopy曲 em into your ψodong d刂 ectory各om由e sonnet

eXamples dL∝ tory to use the皿.、V、en sonnetis insulled° n a Windows system,

a defau1tp叼 ect洫ectory was made in which you∞ uld work⒒e eXample mes

wm bec。 p妇d theⅡ by de佗ult unless you sp∝廿y ano由cr locanon.

A uoⅡ饣/called coPyer has been provided、
^刂

1y°ur so孙″are which copies an

exmPle meint。 由e specfkd wor⒗ng dr∝tory.To copy曲 e且
^t mtonal

exmple nle,perf。m由 e following∶

】∶se】 ect So″″犭→ CoP9nomPIgs加 m the"山 menu° f曲 e son¤ et hsk b拉

A Sonnet R口n window win be。 pened.

E由tthe Commaud汪灶 eno boxto s刂 “c0py呕 mMu。gw9      ~

Be sure由atthe Dk∞ tory text enry box心 set to由 e dcfauIt wor⒗ ng drectory on
your system.For Windows,由 is o咖a11y℃ :XsometXPro~FlIesPr哟 ecr。

For t1NX,enter your wOr⒗ ng d加℃tory h曲e DLectory te浓 enuy box.

△

’

△ 「

ry。 u entcr。 nˇ
“∞吖α”

as thc∞ mmand,a list of dl av峦 lauecxmplc⒖ les is

带



Xgg0阴 。The Circ11it Geom眈叮 Et】itor

搬写黑湍挠蹴茛噙 ;搬窝rェ菡揣齄
汛

elecooma。cneoc simulat°△召″ .

xgg@〃

CⅡck on the Ed止 Ch℃uit bu∮on h the Somettask b狂

A po艹 up menu appears on the task ba∴

seIect Br口 ″￡召卢”卢】召trom rne popˉ up” cⅡu.

the闯

'口

刀〓pro哪 wIndoΨ appears on your disp1ay along wi由 由e0pen Fne
dialog box。

op¤西ng亠 FⅡe h y。。eo〃

⒒ e0pen H1e dalog boX al王 ows you to selec:a meto edi△ r由e西mctory【 s not

setto y°uF、″or⒗ng d厶℃ctory,use the coⅡ 口ols on the dialog box to go to y° vr

wo洫 gd“ ctory.

3  Doub⒒ e由ck on‘钮 觎 g∞9,to oPe¤ the￡Ⅱ△

An=。。eo″ w”do氵 appears on your扯 叩lay as s,hown beloΨ .η℃ ε鹦 beⅡow
depicts山e same cucu:in a3ˉ d;mensiond访 cw h曲e蕊x-sided ⅡeCal box

Ⅱodeled iⅡ
=。
。纟口″。The碱ew sho啪 in由e吊Fo″ 顿ndow芯 atwoˉd洫⒑nsional

访ew△om thc tQpI∞khg曲∷ dy dowu on曲e subsoate。

Thc.cxmple-唰 twau。 。。co” 。atwo port mc‘ os叩 εⅡte咖 a1捌
Ahnhasubsmeand100王 nⅡs of拉 r above。 Note由 at曲e resonators m to the

edge of the substrate,shordng them tQ the box wau.          ˉ

g
n
 
1咖翻



飞 e orcutis placed on top of1he

subsFa:e.

Aor Layer

1∞ 而】s

sixˉ sided metd
boX

subsuate Laycrˉ 15饣Ⅱls

At:hreeˉdmcnsionaI说 ew of曲e ormit h the sIxˉ 引dd metal bOx mode【 ed in吊r口″.the” ew shown ln
the r。0。 o9B ψind0woa"α dmensional呐 ew ftom由 e top looklng山饿 dy down on曲e subsmre

zoom and CeⅡ  FiⅡ

;::F郜嚣锯W:11∶∶∶∶:fjrt}:毖垦t丫器⒒u鞯Jf

s?nir“ e Cell fn1.                          `

sd∝t rrv→ ccJr F羽 fm⒒ 曲e=ggo″ m血 me=Lu to臼m耐 thecd ElL

吣 co-aud ωg必 dlc state ofceu m.o讧ytbc ouhF ofth叩 lygons are

添 p1ay破

cⅡck oo山 ez∞m h buⅡuoo山e too1b狂

焦揣箴$漯$豁t豕 ^灬

s诚由a plus蚺呼



N0TE:

seIect the sec刂 on ofthe orcuit you Ⅵ犭。h to zoom in on。

Move the mousc to the upperleft of thejunction ofthe feed hnc and曲 e flrst

resonator,as shown bclow.α ick and drag曲 e cursor down and to the hght~A

rubbcr band surrounding the area follows thc c刂 sor。 When you release the rnouse

bu“on,=g召口刀 zoomsin on由 e selected area

As you can see in the enl狂 吕emeⅡ t,one ofthe‘ netal poIygons has a dhgonaI edge.

7  se】ect叽e″ → Ce⒒E迅fmm the=gεt,″:maln menu to tum ou the ceu EⅡ .

⒒ e rnetal ml paα em appcars in the poIygons。 n your display.Note that由e

ou凵Lne ofthe acmalrnetal has a“ stn,rcase” edge`″ Ⅱch approx1mates the diagonal

ed。。e drawn in=。。ε口″.【he defauk se缸 ng in ygeo″ is staFcase ε11.

N° te Ⅱatε″analyzes由 e starcase edged metal,notthe d】 agonal poIygon.

In someˇers:ons of sonnet,d∶ agona∶ 】Ⅱ is not avaⅡ abIe。 In that case,

skip to step12.This W∶ Ⅱ not affect s∶ mu:ation resu"ss∶ nce staircase
FIⅡ :s restored before Ⅲ nni口g曲e anaIys∶ s。

C⒒虫 o口 the po盱铲 uoR屺 d above“ sd∝t iL

The polygon o Ⅱ鲈山典臼dto h由臼Ⅱ se1eσ hn。

sdd跖 耐狰 → 厶白犰此shm曲 e=。。eo,maIn meuu。

The Mer,I∶ 79Ⅱon A面butcs dialog b° x appes on your由spIay as shown beIOw.

sdd Ⅱ a驷 na【 from tLe Fm砷,e dr。p“L

Dhgonal m type,whⅡ ρ more acc刂ately modeⅡ ng Lhe input edge,requkes morc

process1ng rlme~

CⅡck on the oⅡ 【button to aPp1y the changes and dose the(Ⅱ a【 og box.

The metal丘 Ⅱ is updated.As you can see,由 c met峦 ε″ analyzes is closer to your

input than in thc casc of staJcase fln.But the incrcased acc哎acy comcs at由 c

△0

n



In this casc,surcase fll1provides thc requked dcgrec ofaccuncy and、
〃Ⅱl be used

for the analy“ s.the fill type mll be changed back to staircasc Iaterin thc tutooa1.

12 CⅡck on the FuⅡ  View bu住on.

△he whole ch℃uit appears on your dispIay。

Metal Types

I3

14

驸 鹦辎轳嚣#擀搬

飘撤赞获搭  11鞲Ⅱ
糨巍亳韫巍舞襻挞耀糯

·

替n

CⅡck ou the auy r6omator ofthe臼 Iter t° se∶ect iL

The poIygon o h望山ghted to hdkate sdecuon.

sdect跖耐扔 →

^加
汤幽 ￡犰 m山e招go″ m西¤menu.

⒒ e±MetaⅡzaoon A血 butes dialog b° x appcars° n your display as sh° wn bcIow,

Meta:Dmp凵。t



CⅡck on theˇ】etaI drop L“ ta卫d se1ect“ 1oz Cu” from the Ⅱs△ CⅡck on the

oI《 command button to apply the change and close the(Ⅱ aIog box.

飞 e nl】 pattem changes for thc selected polygon as shown below.

凡 e metal for血 s polygon now has曲 e1oss associated with1oz.∞ pper.淹εo″

allows you to de每 ne any number ofmetal γpes for use in your c订cuk.For det茁 ls

on deEnlng metal Eypes,see∷ Parametersˉ MeLal types,” page138in the Xg台 ε″

User’s~勿匝uaI~

Note由at1oz Cu o not a standard netal〃 pe,but was defIned in吊 ″o沉,using

尸
'romer召

rs=● 〃召roJ ryPeJ,f。ruse in血 s mtood.You w讧 1notbe an讧 y犭ng顿 th

copPcc the neulis§
"tched back later in由

e mtooal.

DielectHc Layers

16sdect P臼晚 e招rs→ D洌k白它 L0'rs fro"山 e|r。oε口″ m山 me¤u。

Tne D抬kc“ c Lay己rs dalog box,which allows spec面 cauon。 f the dielec“ c

layers h曲 e boX,appem on y° ur dsplay,pro说 ding you with an appro烁 nate

、ide view” of your c订 m汇 the=ggo扭
“
leVel” number appcars on the le缸 A

‘
1evel’

’
is denned as the intersecu° n。fany two dieIec西 c layers and is、 vhere yo刂

crcuit rneLal is placed.

15



17

18

Refer to page11for a Lhrceˉ dmensional山 a嘁ng ofthe西 slec∽ c Iayers.The疝

Iayer is req“red to keep由 e meultop of由 e box away各om the c“u“ mctal.

CⅡck on uLe OK commaud button to dose the DieIectHc Parameters由 alog

bo靶

sdect F诬 =以e咖 ro跏BJ from uleェ g召口″ ~n menu.

This remms叮 l弼 all。geo’
’
to曲e面莎nal奶血 Which you∞ pied fiom由e

example dkectory.

To reduce the tme requred to∞ mpIete龃 s mtooal,ule suml狂 on results are

provided.In order to use由 e preˉ co匝puted results,φ ere mustbe no d茁 mrences h

the source εle.T“s stcp ensRres山 at you are an赳 yzing曲e oo臣nal me and由 at

you are able to suCCessmェ y launch口m】om jr。c召 o庇 .



Em PeJoms clectroma。mc0c analysis允 r arbiCr扭γ3~D planar gcOmeties,

malntaIning ml acc刂 acy at all iequencics。 E讯 is a“幻ll-wave’
’
analysis enginc

which takcs into account all possible c° uPⅡ ng rnechanisms.

Em CoⅡ,or pr。说des an interactive windows interface t° ε″.This interface

consists ofrnenus and dialog boxes which auow y。 ut。 selcct run opti° ns and

execute ε″ analyses in a Windows。 r σMⅨ enviro⒃ ent~Y° u may save the

se西 n。。s of曲e con口 oI intef犯ein ajob虽 1e.

In曲e next pan of酞s mtooal,you andyze· dle circuit“ m"俎 I1.ge。
,’ wbich you

examned inirge口 励.r you have not aLeady done so,Ioad“ n1twal1.geo” into

|r。。eo″ .

hvo】‘∶:刀【⒒g the ε″ Interface。

The gR hterface,叩
印

″°oJ9may be汕 oked dLecdy铀 m jrgeo″。  -
19select F如 → A呐 zg from山 e irgeo″ m西n menu.

The ε庇m峦 n Ψindow appears on your曲 splay as shown bel° w,wi由 an openjob
me。 The⒖ Ie to be analyzed,“mu″ all。 geor’ is entered in the Fue text en田 b°x and

由e me type is aLeady setto Geom∝ γ.

se伺吐ng UP Analyoo Frequenoes

2o cnck。 n the SimP1e sweep raa。 buttou in tbe Frequency Con白 “)Ⅱ secton of

theJob mndo,巳

T“ s embIes由 eS田1stop,and Step text en叼 boxes and由 e Frequency Unit

droP L由=                ^、
21Euter the s臼耐 ;stop and step vdues h the appropoate t弭 t en∞卩b°xs·

莒涩墅拣冀笠⒊器找 掖嚣掩挠紫驻锍
h the step teX:cm吖 box‘ The各cquency u血‘should扯eady be setto G弘 so

no acdon ueeds t0be uken for d1“ iten



带

Run op位ons

Run opdons for召 ″ are av峦 lable in the ε″ Co″″d interface.⒒ is example“ es

由e Verbosc,and Deˉembed op刂 ons,、〃hich are set by dcfaul1as we11asthe Mul0-

Frequency Cac“ ng opoon。

△he Verbose opoon causes em to display【nessages which desc试bc由 c present

state of thc siェ nula‘ on,in the ouVut window duhng progn【 n execu吐 on.

Deˉembedding is由e process by which dle pon discononuky is removed;o1n the

analysis resul‘。Inaccurate data may result各 om f缸 ling to implemcnt this opti° n,

even when you征 ℃not using reference planes。 For a detaIled discussion of deˉ

embed西ng re饴r to Chapters6and7in the Em User’ s`Ιanua】。

F this op0on is on,an output n1ec。 ntaIning由e deˉembedded response da⒓
‘
is

produced.Tne name defaults to u【 e crcuit geomeoy丘le basename wi曲 a‘
‘
.d”

extension。 For this example,since the inputfile is‘ fup″ a11.geo” then the response

fIIe is automaucal1y named“ fIl^val1.d” .

'王
·
△r

The Me匝0ry save opdon(notused h曲 is example)usesless memory and speeds

analyses by stoong ma¤ iX eIements as single precision numbers rather than

doubIe precision.I‘ use is reco-ended in order to execute a smulaoon由 at

o由αwoe【m吵t not“ possible嘁 thin由e bounds ofyour memory山 沲taoons.Its

use Fnay resu1tin an impcrcep【 ble ⅡppIe,or noisε ,in calculated da△ △eXsept at

low iequency where the e筘 e吱 may be more Pron0unced.

Set由eM诅dˉFrequency CadⅡ ng opEon by dd哂 呜 on曲 e~】 ul刂 F̄requency

Ca曲ng checkbox io the召 ″ Co″加″job w“do吒

When analyzIng a large c△ cuit over many tequeocies,as o曲 |case in dlis

exampIe,由 e rnuluˉmquency cac“ ng opoon reduces processihg吐 me.When this

opoon o sekcted,召″pf~0°mputes由e丘eque“γ hdqKndentda吼 then uses曲泌

data duong theェ na口VG n11p° d°n of曲e snnulad。n。 this op吐on is not e笛 ecove

for analys“ which conΞ 吐n four orfeψ er iequencies~For a de△ oled desmPoon of

~Iul0ˉ Frequeicy G“△讧ng,see‘
‘
lJsing Mul吐 F̄requency Cac癫 g`’ page20in the

Em1廴er’s Manua1.

The MuRiˉ Frequency Caching oPtion∶ s onIy aˇa"abIe、″汛h a fuⅡ

sonnet召 m su∶tIE,。

”

N0TE:



Execu山 g分n Analy豆sRm

Bes¨ u1aEthe DLect° ry teX:enαγ b0X is sctto伍 e default w0r⒗ ng dLectory

your system.

,T旺sc° p诒 s the o“萤na1ge0metW,sˉ parme臼 r and cu玎 e爪 dCn虹 ty εles。

槲濂槲嚣菩瓣谶璀象笋
Sdect So″Ⅱer=0CρPy丘四 印 扫sfmm the m血 menu oftbe Sonnettask ba⒒

A somet Run访ndow w诳 be opene生

E伍t山e CoⅡmand艹改 eⅡt订 box to say‘ 飞opyeX mtwa11。
+9’



玑 is retums‘
‘
f【l"aI1~geo’

’
to the山 ginal fom which you∞ pied】°m曲e

example directory.To reduce the ome required t° compIcte this olt° 。al,the

simulation results were provided.In order to use thc pre-comPuted results,there

must be no differences in the source f【 le.△his step ensures由 at you are analyzing

由eo“匪nal flle.

zs CⅡ ckon曲 e Ru¤ bu位ou h uIe召刀 ConJrorjob whd。 w to execute the

analysi.s~

The em output window appears on your display.IMessages indicaong the progress

of the analysis are outPut since the Ve曲 ose opoon o seL Since曲 es~paramcter

dau already eXis‘ iom曲 e previous copy,纟 ″ d∝s notam洌 1y need to calcuIate

dat乙 1飞e foⅡowing messages apPearin Lhe output w钪 dow,as shown below:

Ana1yzhg 4.700000GHz.

U豆ng conso屺nt data from preˉ e⒗瑛ing且le ε1twau。 郅⒑.

Analyzhg 4刀 05000GHz。

Using con茧 stent data fm【 n preˉ e疝o‘ng珏1eE1twaⅡ ~g∞ .

An出
'血

,g 4`10000GHz。

Using conslste¤ t datafmm preˉe诬血 g me EI△″aⅡ.geo.

Ana±”西ng 4.715000GHz~

Using con站 tent data from pn旧 “‘ng￡Ⅱe E1忡au.g∞。

Ana【「由呜 ⒋z⒛000GHz.

刀和g“V无 P̄I°t￡hg Your Data

ε″grt,Ph o used to dsplay ute resul‘ 0pm Ⅱε冖anaIysis as o曲 era Ca正 esian

甲△”°rSm【由chart.sˉ ,Yˉ and zˉ Paramete`can be d叩 hⅡd缸one or

smultaneousIy.Υ ou can also display muIople f【 les on a single p1ot or choose to

open rnu⒗ple plots at由 e same濒e.



hvokng召〃grzP尼

26 CⅡck on the open GraPh butto¤ atthe bottom of the ε″output咖ndow to

inVoke召 〃g'qPh.

η忆ε″g「q无 window appcars on your disp1ay w【 th a Canesian卩 ph of
“
mtwal1.d” open wi曲 S11displayed.

Opg旺ng a sⅡ刂th Chart

刀 0pen a s血th Chart by sdec山 gF洳 → oP口″→ S″湘 fmm thee″。orop尼

maL¤ 王neuu~

η e(Dpen Fi王 e dialog box appem on yo刂 display。

28Double曲ck o0q″ au.d’
9h the op臼 「l⒒e由alog bo、

A ψindoψ c0n⒓ining a Smi由 chan of‘呃ltwalI。 d’ aDpdsonyo町 dsplay.Ag缸n,

the S11parameteris displayed.t1山s parame1eris the defadtc⒅ e(⒒splayed upon

starmp.

seh汕呜扭心her Curve for¤ spl叮

Y°u may泌 p1ay mduple⑴ 卩es i0m muldple mes“ mdf· ne9吓 Iy~To sclect a

di笛crent cuve for doplay,perfQm曲 e foⅡowing.

29 α dk on the龃 e bar ofthe Carte甲 ia¤ 。
^Ph mndow to ma【

Re员t acuve。

Tho o hdkated by the乩gⅡi吵0ng ofthc udc bar.
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30 sdect Crz=P尼 → sε勿cJ C〃ryes from the ε″〃CP扭 m。in menu.

The Select curves dialog box appears on your chsplay as shown beIow。

Doubleo曲 ck on DB〔 s211h山 e Not Plo讪圮 text eu蚜 box to moveitto the
PIotted loL

DB[S21]m° ves to曲 e Plo“ ed list.

CⅡck ou the oK commaud bu仗 ou to appIy these changes and close the

SeIect(=urves dia【og box.

The C狃es;an曰叩 h is upda∞ d to dspIay S11and S21。 shce the axes are setto
autoscde,the v赳ues叩 由e axes are au:omaucalIy“刂usted.

se【ect Cr0乃 =o^臼奶ues From山 ee″。orcP屁 m西 n meou。

The Graph'`tmbutes dialog box appcars on yo町 display.

Click on山 es卩bo‘ checkbox to tun oE艹 e曲叩Iay ofs泅abols.

罨莒 嚣彳:∶|丨:∶∶.:}民}器且咒 虿 数 找 V谰
cl°se略曲∝,屺 叩

h

31

32

33

s0



Chck on the OK command bu住on to appIy山 ese changes⒛ Jt】 o“ 土.

dialog boX.

The graph should appear as pictured below.

Data MoI匝 tor o sⅡ￡ul Chart

E浪grgP屁 has a dau monitor由at provides a reado哎 0n any红 ven data point on

yo1rPIot~⒒ e hfoma吐 on臣ven in由 e readoutis dePendent upon the type ofdaLa

point selected.Ln the next seCoon,you use the data monitor on the s“ 心d1ch狂 .

36 CⅡck on the dde bar ofthe s¤ Ⅱth chart Ⅵ反ndow to rnakeit acuve.

⒒ e ude bar。 highlig宀 ted to ind⒗ate由a1由o o the aαive window.   。

35

s∶ mulated Response



VouoIe-c⒒ cK On a αnn polnE△ ¤ tne omItn c圮 an‘ o open tne Vam lVlom二 o△

The IData b亻 onitor appears on the display with informaoon ab° utthe data point

you seIectcd~To observe data on o由 er points in thc chan,use the(-andˉ keys.

⒒ e Data NIOnitor readoutis shown below.

r!∶∶1:紧
剐·d

VaIoc:△ 0ˇ uJ

Data l9IoI1itorˉ Cartesian Graph

38 DoubleˉcuGk on a data poultin the Cartes⒈ u】 当▲。ph to open the Data

】̌onito△

Tne DaLa Monitor appears Qn the由 splay.Be aware tha1a separate data monitor

needs to be oPened f°r each pIot window in ε″。。rz=p九。To move between curves
on the display use由 e↑ and↓ keys.

zoo血 g

At oJ臼⒊s,i‘ may be desirable to observe a secoon ofy。 ur chart in cIose detaII.You

can zoom1n on any area ofa chan you des刂 e。

39 CⅡ ck a¤d dngyour=nouse:⒒ the sⅡ止创i chartund the mbber band

suFOunds the area you吣hto ma筝“⒈Then rdease the mouse bu拄 o⒒

Ihe doPlay o updated wi曲 a Ⅱa别fed pkurc° f φe sdeαcd area.Toremm to
曲em11。uPh,simp1y doub1eˉ c1ick anywhere in the pl° t window away抽 md,e
graph line.zooming operates in uhe same manner on a CaR0s白 m graph.

Closhg ε″grq汤

To dose曲 e pro墅m,perf&m曲 e foⅡ owh⒏

0O sdect Π如 → 三出 fro血 the εm。crtzp九 m击¤menu。

η “ R驴叩 h dispIay、 dosed~



E仞 v〃

NOTE:

Emy〃 is a visualizauon tool used to view the results of circuits prcvi° usly

analyzed wi曲 纟″,Em saves Lhc resulung c町 ent density infomation in a nle

fomatready for hputto ε〃y9B.1he flle has由 e睬tension of勹 xy” ,whe比 勹
”

stands for cuπ ent densky.Tbe‘
`y’

’
refers to the drecoons oftho current(z-

directed curentis notshown).

To produce the current density fme,y° u must selectthe Make emvu
file op刂 on in曲eem Co刀扌0′ j0b window.th∶ s was not donein the
examPle aboˇ e to saˇe on process:ng tiFη e.lnstead,the“ fⅡtwall.jXy”

fⅡe was incIuded l″
"h the other exampIe fⅡ

es y。 uc° p∶ed。

Invo⒗ng纟″v=J

41 CⅡck on the open Em羽 buttou at the bo皎 om of曲e″ output呐ndpw to
1nΨoke召″vEJ.                                            

ˉ

The召
"v〃

window appcars on yo刂 display with the「ust豇equeΠcy in

咱l"dljxy’
’汛Played.η k color pIot should appear“ 血lar to曲 e one shown

below.You are呐eΨing曲 e ma郓imde ofLhe c1rent density with a1V,50ohm

so刂ce and Port2咖 d`a50山血 l0ad.

Red ar“ represent h吵 c町ent density,an^d blue areas represent low current

density.A scale o showη on由 e le丘 of由e window w“ch de丘 nes the vaIues of

each coIor.
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Cwrent Densi〃 Values

42 Click on any point on your circuitto see a current density value.

Thc curcnt den§ ty value(in amps/meter)at thC point曲 atyou dkked is shown

in the status bar atthc boROm of your window along wi曲 the co° rdinates of Lhe

locaoon。

Frequency Controls

A differentJ:irz】 :【ne is dispIayed for each analysis饣 equency。

43 CⅡck on the Next Frequenq button ou the召 刀v〃 tool ba⒒

Tne lowest】 equency appears on your display as the defaul1which in由 is case is

at4.95GHz.Wllen you click on由 e Next Frequency button,由 e display is upda1ed

with曲 e cuⅡ ent density aL4.975GHz。

N0TE: The scale to the Ieft of the dispIay is aIso updated.

卜·2 彐。。c【ick on由 e Frequenq Drop Io△ and sdect5~⒉

Tne drop1i“ alloψ s you to go d汪 cdy to any of曲 e andysis frequencics.

颊 ma伍on

Ι冫〃v〃 provides rwo types of anmaoon∶ 佥equency and ume.T。 d° an anima吐 on
in由e tequency domaIn,召 ″

'〃
Lakes a picmt ofyour c廿 c讧t at each铷明uency

point and links the picmres togetherto bm a‘ ‘
rnovie” 。In the血ed°m峦n,emv〃

彤酞es a pknre ofyotr orcu⒒ atinstantaneous p⒍ n‘ h omeata驴 ven】equency
by山an必g由e exci⒓南 n phase of曲 e input po《 s).An血碰 on dlows you to s∞

how youJ response changes ψith tequency or tⅡ ne,providing insight into the

properues of your circuiL

the animaoon rnenu and controls are-he same whsther anirna匚 ng as a function of

扯 quency or time,I冫 ″vzr accomphshes this by translatlng the data into3△ rnes.

t`e animaoon【uenu then allows you to step one flame at a ome,or“ play” the

铷mes by dispIaying由 en`consecuovely.How曲 e data relates to a flazne in ei由 er

ǎnma0on rnode is discussed beIow.

Time An讠madvΙ‘

For Thne丿
`n碱

on,each§
'刂

ne coFesponds to an input phase.The rype of data

p1o讧 cd is deteE由 ned by由e Pαrc沉JerJ〓→RgsP口rJ召 1nenu。 Li dus case,the da⒓

is the⋯ Ma。qImde,the total c町 ent densl,、 1′is is the default se沌 ng upon

openhg anenv〃 window。 Formore de臼 ms ab。 ut【sponse tyPes,see“ Parameters

R̄csponse,” page20in由 e Emv〃 User’s~】anua1~

sdect Pcmerg「,→ ScoJc￡mm曲 e召″v″ mann menu.

铱 set scaIe dalog box app-on yo刂 dophy.

弥 k ou the User scale oheckbox and euter a va【 ue°f100△ i the§压ax Va1ue

汪炷 叩 △y bo⒒

△“ alIows you to set a εXed scale to avod autom曰 。cu呻 tes°fdlc scale dmng

由c~anImauon。

CⅡc挟 on tbe oK∞ mmand button to dose山 e由alog box and apply the

山 auges.

η e由 alog box doappears and the scale to犰 elcR of由egnv〃 Window o now

fLxcd at a Ⅱ1axImurn value of100.

45
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E朔 v〃

N0丁 E∶

Emv〃 is a visualizaoon tool used to view the results of ctcuits previously

analyzed with ε″.Em savcs the resulong cun℃nt density i齑 Oma刂 on in a nle

fomat ready for inputto召″v〃 .犰e me has由 c cxtension of“jxy”,where勹
”

“mds幻 r curcnt den“ γ∷me‘

`y”

re妃rs to由e汪rec刂 ons of由e current(z-

directed current is not shown).

To produce the current density f:Ie,you:η ust seIectthe Make emvu

fiIe opt∶ on in the e刀 ,C0n护o'iob wind°w.This Was not done in the

eXampIe aboˇ eto saˇe on processing t∶ Fηe.lnstead,the“ fⅡtwaⅡ。jxy”
fⅡe was incIuded with the other eXampIe f∶ Ies you cop∶ ed.

Invoung召〃vzI

' 41CⅡ
ck on the open Emvu button atthe bo拄 om of由 eg″ ouout呐¤dow u

:Ⅱvoke纟″v〃 .

The召″v〃 window appcars on your display Ψith the伍rst各equency in
‘△1twalljxy’

’
dsplayed.η屺color pIot should aPpear“ milar to the one shown

below.You are呐ewing曲e mag芘tude of曲ec匝ent den盂ty wi曲 a1V,50ohm
source and Po“ 2with a50ohm load.

Red areas砣 present hi珈 curent dens:ry,an^d blue areas representlow cu¨nt

deusity.A scdeis shown on由 e le丘 of由e window wⅡch defInes由e values of

each color.
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0s seIect^,,fJ″ o汀o,z→ &〃咖‘F from the ε̈ v〃 mam Inenu。

⒒ e AniFnaoon Setungs diaIog box appears on your display as sh° wn below,

CⅡck on the T1me Ra由 o bu住 on to select11me A“ ma‘on.

This enables the cycIe type drop list and the Number of steps text en口γ box.

sdect Har Cydefr° m the cydetme dr。 p“△

0刂 example uses half cycle,the default,in which the phase ranges f.ˉ om O° to

180° .

For Ful1Cyde Lhe phase o ranges△ om O° to360° 。For Quaner cydc,the range

is O° to90° .

Enter a value of36for the Number ofsteps。

Tne numbcr of steps is used to dete∏nine how many各 amesthe ammaoon
includes.飞 ere are180° in a halfcycle;由 erefore,36sΙ eps yieIds a value of5° for

曲e phase intcrval。

飞 e lowest phase,0° ,coJesp0nds to the f△、t§〓une arJd the hghest phase,175°
,

coΠesponds to曲 e last各曰mc.This phase value represents an offset各 om the

sour∞ Phasc永X any鲈 ven pon setin the Po“ Pndameters dalog box。 For detalls

on how to setthe Source Phase,see“ ParaInete^ˉ Ports,” pagc20in1he Emv'
User’s lVanual∶

For曲 is example,由 e SOu陀c Phase亿 rPon1is set to曲 e default of O° .Pon1is
teminated wid】 a50ohm load.
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一
●

Tne Anhna吐°n Con口ols,shown bel° w,als° appear on your display

CⅡ ck ou the Co¤ ‘nuous Play button in the A血 mauon c。 ntrols.

this command toggles the尸 切y conuη ands in and out of cononuous rnode.h

con匚nuous rnode,when由e last frame is reachcd,召 ″v〃 starLs over at由 e元阝t

ftˉame and cononuesto CyCle urough由e frames untⅡ  a stop comand is received.

1f曲e play direc吐 on is reverse,when由 e frst fhme is reached,召 ″v〃 starLs0ver

at由e last frame and cononues to display各 ames,in reverse order,und you press

stop.

Con0nuous rnode is indicated by a change of c° l°r ofthe Continuous Play mode

1con~

CΙck on the P【 ay button in the AIⅡ maEon Contro1s~

selecong尸妇y starts由 e ar:imaoon atthe prcsent打 ame,52GHz and O de盯 ees,

which cotesponds to t=0.subsequent豇 aues are displayed consecutively in5°

intervals.Each hmeis displayed f° rO.1seconds,the delay set earher.When thc

las1各ame is mached,由e dophy st征‘°ver wi由 the frstfrme and repeats unol

you press曲 e Stop button in由 e AniFnaoon Controls.

Be aware that由 e flrst ome drough,ε ″v〃 is Calcula吐 ng曲 e dlsplays孔 r each

獭 e.Subsequendy,曲 e displays upda℃ at a slower rate.A丘 er the initial loading

cy0e of all the各 ames is compIete,曲 e display updatcs at由 e input rate of O.1

seconds.

C⒒ck ou the stop button in the^J山 口a刂on ControIs.

1`is stops the anirnation,although the window rcmains in ani:uation modc.

CⅡck on由eE疝tA讧ma‘on button in曲e Animauon C。 ntr。 1s。

犰 is exits the anima匚on mode.孔 e Animation Controls disappear各 om the j
dispIay.                                             ^   ∶

s6
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Frequency AnⅡnadoⅡ

器Ι:∶费::羽纽:∶撼 ::∶∶l儿毖罂 ?frme md由
eⅡ螂

59 sdect A″ 枷凵扔Ⅱ→ Se历″驷 fmm the召 ″v〃 m西n menu.

η e Animaoon Se“ngs dialog box aPpears on your display~

60 C【二ck on the Frequency ra由 o button to select Frequency Anuna‘ °n~

Tncse radi° buROns,qIme and Frequency,are disablcd,when mnning an

animaoon~0nIy由e Frame Dunoon may be changed whIe mnning an animation.

61 {l∶

tr∶1土呈

oK bu位 on to dosethe Anima芭 o卩 setdngs dialog box and aPply

62 sdectA″加叨碱” =oA″i硕e Ⅵev from由 eε″vzr m茵n menu~

E狂V〃 enters anunaoon mode.the弦 st各臼me,which displays由 eJ9Cˇ 】̌agni1ude
response for495G弦 ,aPpears in the window t`e response tyPe and frequency

盯e de‘ermined by the settings whcn animation mode was Iaunched.

Thc An蚰aoon Controls also appcar on your display。 N°te tha1Cononuous Play
mode is s吐 11“on” iom the pre呐ous example.

63 CⅡ ck° n the P1ay bu汪 on in the Anhoadou ConLols.

selecong P幻 surts曲 e血 maoon at ule pR阝 ent mu℃ ,4.95GHz。 subsequent
§〓刂nes,conseCuovely by mquency,are dispIayed,each f° rO。 l seconds,the delay

set prev【 ous】y.When the last n〓 rne is reached,the display s⒃ °vqr m1h the f廴 st

獭 e and repeaLs un咬 you press the Stop butt° n in由 e Anunaoon Conrols.

Note中 atadescipoon ofeach tame’ s conten‘ appears in由 e吐tle bar ofLhe e″ y〃

window.

64 se1ect F设ε=◇ 豆出-From the召″v〃 m峦n:nenu.

T“ sc°mm扭 d αIts曲 e纟″yu progam.

65 sdect n汤 =→ E出 from曲ee″ Co刀icJ m西山menu.
ˉ T“sc0【mnand exi‘ 由e召〃 Co,,,or pro~mm。
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