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P AR < BIRVRA AR - ISLERMTTE R B HEEI AR > 3G AYE
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EEEIL - EZ =0 = RFEEHEPT OO R F LUR TR B aL K EAE T
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FRHIEIERE T B A NREVE R - BEANRSRE RIS AR T - (R R
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FE—K Efll(Metrology) EAHEH

® EEFEE: : FIFEEH Measurement, L {H(true value), {R{E(bias), EHFRE
(measurement error), ‘5% ##% B (measurement system variation), A
8% F(test system variation) 7 FFIR % (repeatability)

® (RESHUMERE  WIEIEREME (correction), FERER (presion)vs IEMENE, THEEME:
(uncertainty), fRAFFE (resolution), BEREIFE(sensitivity), MPERE (linearity), 1855
JE (stability) J{FZEAR#E(standards)
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B (FHE R IR E

® (SHRFHEER R R,

o HI RN EU A

o REERREEENHIE

® (SIWHURE/ T EEHFHE KIRE
o (EHTEMBIIRIBIR

®  Time-gated TR

o (RIS

o {HERKREY S R AR

TEGEIE 5 R AT SeaBR B SR R P A AR RN T S B AT
(AR S AE SRR =] LR N AR ATSZR B SRR 2R - IR ARG T EsR R (55
RV R B A T IRENASE ST &F % BE PRI E IR AIR S LR
HEARBE AR LR E. BRI A0y 2 BUERATHNY - (F50iE(EY
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BB - IERLETAE - AURE 12 BRI - FEERREEN—4 0 5
SMEA — (BB HEE(E(quasi-peak) -~ ERBSIIEEEARNATHELVNEE
BTN > FTLUR AT HER - MR ESERDEEEN—&  thER
FERCEELMERIERIRE  EERERETEERE RAVERR » BIAAR - slot A%
R ~ EEZER MR TSR AR - DR A E R R - R
FRrP B EALERYBUE R T TR RE BT 2R SR AR A VO {E 2 B L
~RGL.C FEERFBRETHE - BERE - 5l - IR G B ENEERE L -
FriEPEFURLRE 2 - QR R B R VL FC R EE R € R S SERE IE AR TR
FHERYEN T RRERN - ARERCIERERM & G - AR/ R tE
ERETR -

BRSO TEREEEE R
o GEboMTERGTEE

o USRS TREERIEHTE
o DURESTRERRE

® RAABEITIHERRE

® BRLOTER vs KN

SRR R E R PR E AR L — R EI SR R
> [RER DRSS SES I A REY MR AR R - 1R EE
TRARERIER R  WRERK Pk iR s n s S a2 48
S AT ERAIR#HTE (resolution bandwidth, RBW) » fERHISHTLIREF RBW ZEA]
BEAIA  (HIREST A B DRN B RARRF R HARERA  DISERaR S HIREA
FIA - EERIREALL - BIIES A SHETE 2MHz #I5E RBW 37 3MHz 7]
LIHG o —fikfasry RBW REBETR @ I B2 ERTLIECE - ArLAZIERET2EE -
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RS THER RBW EFEATRERY/) BRI BEGA—EAIARIEHE - 5%
ER BRI EFHEEER RN EEIMRAT G ENEL/ T EAH ?
IS RETRE AT S%EGHE - PINEHASHER 2MHz - RBW 3¢5
100KHz FERILL BRIt S IERERY (S5 AR R — (AR B AR e B i
AT E (video bandwidth, VBW) - TE(ERREZFHARE » AZBHFAER]
BEE (BRI ERZ T RE AN R R - SRR B E R ERIRER - X
It BT - VBW —ERRE TR default RRE - @EHREL A SRS
RIE - A ATRE N B R R < EEHEE VBW WIEHER R 5% KSBUERE D
el B RESREIRAALGE « &Ry VFB aRiE AIRE S [N HIEER
72 DRI R ARATIRR AR S0 VFB HURRE IR E L (B2 % default HIFRE
HATRES [REMUERE ) - VBW SRiERYIEHERE F AT DURRE e R (ERT Rl & » SRt T
AR A R B o e - BT R E R LBV VFB
TEFEHCRETRESRHIER (BUEEES) B R R R TR R
SR AR AR A 2 IR S B RE TR P BRI AT REIR s AU (e
FeiaR iR = JER RN SRR RSO — @8R - L - wREs
T AR EF— (SRR EH] - NE BRI - VBW ST Y
T RBW —itla i - AR VBW {EY A A& - #I40 > 10KHz HHY VBW BEn]
DR BRI LIEER% - B E RGBT R SR M E » 45 RBW IR &8a4IE

B 1KHz » 10KHz [y VFB 5224 © 185 RBW 8% IMHz - 10KHz #9 VFB 5k

TR E%E - VBW IEHE E[F RBW e %8 (RULER) » =AU EEmRE
AERHE PR AL, R SRR BRI SN E . — AT default FREZIH VBW
i 5Hl RBW AHSE » RBW 20880 - 0 VBW Z24RE% RBW Ay SZE M - (K]
EL A SRS default 5B ERRITRERF T B(LINF - VBW FEIZIMEE > {E VBW BUEHL
A8 RBW BYERE - —H VBW Bl ST FZ default 52 (FAGEE
BAIE ) % RBW B E - BATEAEM VBW [E RBW H—ite—Lt
g ? 4 MAHENER @ —SRERREFEANENERE - R juErIERE
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OATEIEER - SRS TEEE IR = EEARE SR — —IER0K - IRETRD
FoeEE S %4k (CDMA) FIERIERERE (QAM) il FHRySHMFER(EHE -
VBW KU EBIMIERL R A TR SRR VBW KK - B =B RIS -
{H VFB B3 L SHESBNRE HHEERE - EIL  RIFEEIFRE » BELE
# VBW ZHESEL RBW /N—Bf o ATRERIRRZ IE SR (EoRAVEEARTE - EA %
FFEE - BZEHY VBW R DIVERER,  (F IESRIRA BRI — 2k « @ BHNIERK
BAZ5R - BAFREIRE VBW Y default 32 - IREMESHRESEN VBW LT
BAF A FERER I B AR - FERSEIRAV ML IR R THI BRI » HEEHE AR
IR R A b RS TR EN T E R B T R EhEE — ERe
B9 VFB ETTRURNAT - [LERAZE” B ZHEE DA 1001 1 # RBW/VBW L
BT AR ERERERIER  ILEEE LR 1000 1 1 E S » EEWEE
RBW E; 10KHz K > #§ VFB 8¢ 10Hz —BHIRFFE - i JEE 2R VBW
RAIGINBIERFR - RELERTER - fEETRERIER - VBW HRT5ER
LIRS AS LU SE A AR SRR - ERSINMERET e — B Laten - S A%
AR - FERERAE SRS - LU EREs LR EEEE - Ik
HEN) VB AI{ER T ERS » SIIREE IR T EIR 5 22 (R % - Bl
ON/OFF Lt » (K » 1ps BHIARMET B RER 1KHz HIRIETE 184838 (PRF ) g 1000 :
1 B ZE(RBLL - TS BIEME T 20log(1000)=60dB - H—{AFIFZIKE (5
THRREERY VBW 32E - MR - REERNT A SRR IRE S A - R
FF BRSO A BT B R B R B B S R — (A
R ERELAE R R R SURFRRIRHSE R IE - DL E R RIS T R E I
SRR R B/ VO R ERY IR RIZRE L TEANE IR 7 SR PR LA L BURRBARE AT LAE
HERIEHMESR -



BBPUR MEFGEBER
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® EAVEER
® HERHEIETR

BIE BRI R AT R B A S SR H I E 53 - 1 B AR e T AT 5y
MG FEFEAMBRERENER - —(ERRRE R SRR g B

B~ FITSEIRE L RO E O & - PR B N EE SRR ER - /5
AT R A SRR RO IO - AR ER  IREES - SEORES - BT AR
FOREPGRE > BeaT TAZ AR vl R B R S B - — B EBOE T
FEH BRI TRAL R B - MTVERE —(EE28 EgF
BERS - FERRRIE - EELECHELZER - Rt A EEREA
HIZ g LR RERETE L B S EE R ER - BRI R RS
Yol N RAREE A I RIRE - MR B A E SR NE R - — s R ER
FERIETE(ETRE BT FE R INREE N B S R ETRE - SRR
FRATIREVSSTRE - AIEITRAR A « IEIIRARIG S - BRVEIIA KIS DA
REBRNIIR  BEEHRBITER - TESE 8D KA BER RIRE] « S5—E A % E
IR BWRRTT AT AR FIREER - FEA R LR RE 0 IEaR S/ MU O BREE - —
HHERAMAGTC - B T E R T B S B B e B Y
HERR - (SRR E R E - B (SRR TR T - FEA R
BAHEHIAE - B0 B RBRES BB EAVEE) - HIERM—R AT EERY
FERA TR EEHEA\(Thermal noise)) 28 48 & S48 P & SR E5 R RIS PR R FE e 4 /Y
EH) - EE I EERS LRI G R B R AP EERARRE SRR - (R
FISERE M TE RE BRSS9 FI (uniform) - {REFEAIFEREIA
R EEE A0 N=KTB(IL) - HH k FEif 2% & H8(1.38x10-23 Joules/0K) » T
FRAEENRAEOK) © B RAMAIFETUER - Hanae EER S URIE HUAERY - (HE
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RARAIHEF SRS AR AR 2 % B 2 (e e elmsEa®;
JREIHN 3dB - HEAFSBRIERSE S 1940 ERFWEF AB|F » 2K Harold Friis
EFE—EREEHART F . ARG S L e E SRS e L - —

MEFFEIERY - HARART F=1 AT E ERIRRS AT E A R
o KRR TS LE - BMIART F>1 - B i E =2
i A A B b 1 DL RO TT A » B I oA AR B3R I A58 P DARE SRR ol 2 e
AR TR DRGSR IR BRI TEH R G 2R P - MR TS - e -
B VRN - — MR FIRVREATE B NF(Noise Figure)ZLA dB S B4 » BERFEFA
T FHUBAMRES : NF=101log F, DI—MEHCRREH] - # AR ISRHIESRCHAS
H 40dB - R SSIRHESRIBOR T 20dB - AR T 20dB » M EEIMA T A&
EARHER - SREEESHSLMET S 30dB - FEHEE LERET 10dB - thak
TRRLIRRERHHET R B 10dB - EHp Si K Ni B ARV 2 (SSREHENNHE -
So k No FRAFHIPDERL < (SR EREA(UYE - Na BFEFIIIELRTIIAET G B
FHAYDZ 83t - FERFE B A (SRR HE MR > Bl A FEEAERE - AL
HEFUR T SRR Z BB » S8ERS KToB » H To B#ERIRSEIRE » Friis
F23# 2900K » AHEFY 170C 5L 62.30F  —{EAFHIVHOMET TR B E TIRECRARY -
ERARETAERE  EEAR R MR RRAIRE TR R BT - — (BRI e B
E—EEVEEETT R E TR LR R R - MR SRR SR
RETEAAAT -

SNy o1 og(NatNin-Ga ) K10, To=290k

oise Figure(NF) og( So/ Nout Nin-Ga

-1 s1—1 .
F1::F.+F2 , ZFN+1:ZFN+FN : G: cascade gain

Gal Z Gw
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BAR H=RTEERARN R EEN

FREgEs = RATEIEESE  [F-&f8 5 IMT-2000(International Mobile
Telecommunications-2000) » L FERE M E 4T _FAIMT R4 (Terrestrial Cellular
System) ~ LR RAT - FARBIUIH 2 RME RS E—RRRERR - B8k
H o ESRITERR TR R R TSI RS S AL RS - 2ERMEAVERS
HrE-BISEFBE (ITU) (e— 1/ \BERFEE— N BFRAIHERAKE
= RITENERE AR TR TSR T — B S R R E LU A
FENEEFEANE ITU £/ TR TEIEEEEATE] (7% IMT-2000) AT
FEHY - IMT-2000 FHEIFTHIMER S =RITENEE RFURET » RBE RAVMAEE
AR IBRTE

A BSHEFI (WCDMA)

W-CDMA ( Wideband CDMA ) t1#8 CDMA Direct Spread » 1B NI E Z#
T = RATEYEBSEEIRENY - EERFARMEREH AR GSM g £ BN
HAMRMERT S » BERE AR ICEAM SRS, - IERRT - GSM
RHAE S RSN E B RO A E =

CDMA2000

cdma2000 1585 CDMA Multi-Carrier - 5 CDMA BiZ%/H4% (CDG » CDMA
Development Group ) Ff88 e H2kiy s =AITEIERIRNE - TERBAAE ZEEG -
SEERMEMAME cdmaOne B ARHERTNTA HIAHY - & M RBIE TR RIRE
DRI s PSR SR AR R A S S SRR FR 9 3 R ERAR o #9328 CDMA2000 #i
FFHIERAA - cdma2000 FEAE RIS - /NF0RY 3G FRYE — - SZE [S-95 MRHERET
Y = cdma2000 AT LARIRE 3738 e U A B RIS SURT T 36 - B 1S-95 ALD -
cdma2000 1X AEEZ 2 TG IT WEE %  BilA0 S a fls Mizm b imny e s
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BERARWEE] 624kbivs (A 0 AISHRHIRR S EFBEERES 316.8kbit/s » fRA A A]
SRR R R BRI 624.0kbit/s) o 534F » HfY cdma2000 £ 1S-95 BA RAFH)
A > TERARY IS — 95 MERET I E] cdma2000 FEH JFHE - EH » cdma2000 5
TERERY EER (R WS IR TRIAERS - SRS ETT 2 mav it ae i S B ahaEH
R A D HOETE - EEERBIR T - RS RIEREI SRR TR
BRI P AT AR EE B e R AR ZER] - RMAgESRY QoS B ER(/EM

ERUE - SEARER > TR DU IR 5 R B TR T - AR
B GRS @R T - ANMATR AR U5 vk SR e 2 TE M REFE AR T I -
THBEEYME BRI R M RER IR - BRI e — I AR
REE E5EE o HNEREEB AR - FFEAE Internet G/ 17 —EHESHERREHY
fEles - AR B AACE — & BN F R BRI A P i - IR S TR
PEFRETR S T RERAUMEER RS & » T IR AE cdma2000 HRIS A E TR
HHETTZ -

— ~ QoS F81%

3G HEME —EHE RN - Hih RIEMEARE A 3G Mty
eSS 3G BNy 4 REEEEEAY © ERNER - R - WHRBE RS -
EEET BRSNS - RIS B - AR R INE ~ K E
BIERRRSER  HIRITR B - AR B s s S AL - 12
B BITER » FEEHAIEFHER SR » S TRIECRE G - WA AT 513805
XEE P AMBIRERY Interet JERT » 40 WWW ~ Email ~ Telnet » FTP f[] News £ » &
B BIER A RS RS Y - 1T RS B Bmail BOFRYE
BT

A PO G e i MR B R A A T B - B
EHFHE M FRTRERESAY QoS » HE F— LBl H rTHIRAVIESERRER - BP0
MELE 2ER; - BRI R A E T H— e -
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(1) FHSBHTIR - GEMRINMAERLE o EFHEEEELR - K
BRI R TR AR R ST IR AR - e E RS
% THRSRHIhRESTCRIRARFS IR o FTH AR Band Class 0 HEREAY
I FEFHAT ARSI TR 23dBm (200mW )

(2) FHFlo)ER - BLEEE) Ec/lo SRS BRMAATHAEZENLE - 851
A ES R FRAE LIRS IRAE LR Y R DHOIRRER IR B BRI EELALh
B\ -

(3) BRCESAR Ec/lo * BENEIRESRE RIS e R S TR G
£E - BRI RSB S TAR T - 5 B Bo/lo 3@/ NK > F
Bt RER SO (E D ET T IEREA RN -

(4) FEIUERTTIRFAE © (ERE B SEEPP IR BRAGHEEE By S IR -

(5) FRESHR © BUCEINISEERATISE MRS L > MGEEAE R - &
SRR TR EAMTERE SIS HR > AR AR BN EE S

= -,
AR

(6) BfaRss * ey s K BERRGEEAB £ -
(7) WENLBEBs © UL R BRI B b, -

BINERIZE - R RCZATEES L W] SRS TR S AR QoS iR -

AR - A TR T cdma2000 Mg W] LA 2 [REVEE R E0R - /IE - A
TIEASEE 7 A% Internet #YEHEE > 215 cdma2000 fEEE-FEER L 2 #Ei &
o RS [ -

(2) PRI © FAIE S AR EIMERD S F IR - AR BRIl
HHPRA TCP e > TCP B - EAREIL - S < RIRRIEHE R &
AT E -

(3) WHIE - e SO - BIH A EREIR R E R SRR © AP
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F BB » BT/ - cdma2000 AT o e e M e i
5 - SUERIE AT - BREHIE - (SRS -

(4) BARSE © FOEFTHREIIAT] PPP T IhEE » OIS omaR
TTEERIAT PDSN A 77 PPP SEfEACRSR -

(5) (RIEE BTN | TR AR B R E R
£ - PVERSTEESE IR 2O S ZE R M > cdma2000 B T
AT TR A - R FS P RIS - RS
SRR TR » FHOE A PRIRIRGE o 5 TSR EIF R R -
U T S TS T » TSR BB S -

= SR

i FEBERE R EE A B TR AHETT - BN TARA ARSI - BTk -
GEAIEY Ec/lo LUK FER BOMIE - ERHAIG TR E B =RAY Markov JRIFFIT
AL > FHRICEROEEB TR - S ThaR SRR Ec/lo M1 FER AR O R IMACE -
R ERR S BRI 1R - TR B — NS R B (EE T - USRS
SRAAHIISE < B EEEIT MR - BRI R E R
B A REHPN R AR M EE RIS EHEEER - — Bk REREE
40 B o FERESTRFAERE 2 R IPILAET - SRR AE AT DI 2
HAt=2-t1 FHE - Hr t] ZORB B ALIIRZ] - 2 FRBENG BIEE
TRIPHLAE T AT B (I cdma2000 - SZIF %S AR BRI BIEL Gh 3 2eny
SEBHSERUE - RAIEL]) - BRLRAINL SR EiE 500 KA ERIBEF T
AAARATCET « BPETRGRAHIEK - RIS RAERAE 90 £ 120 &5 - BHRIFHLZE
MR > FPRENER RAFESAORIAT -

ZORERS QoS HIE
ZORHEERS QoS MIE R ETT — ST IR R A0 MIAL » 41 WWW « Email - FTP
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LI News = BRIZSBSHHEIRERARANE 1 AR - TEEREErB a2 - iE—
HEMEAITTR Internet FEFT - 7EEPRLERRAOMEIEST - B —BMITHY Linux
A28 AR BRI B R S TSR K < B 7 AT RE AR R HE AR h Z IR A
B S FMRECRRETE Linux [RIIRZSFIAGHHERE 2 (93 BL 2 SR R 8HE
Internet ZE[HIFIIRFRIEL T QoS HIFR - A& QoS FEARAYIRA A0 T Al -
A - HHEHE © 1 Linux 2L —E FTP Ekss - W09 TEFLEE -
PR AR A/ N LA R B ISR SRty s i T LAE h R AR et & -
T EESER AN IMB~10MB B - B T KBS EIRE HEH 1%
# o FI BANHIER AT LR IL B Skavh - 30km/h ~ 60knv/h A ASHSEE T 43 BIHE]
B - FEIFMIRAEHIE © 3@E UNIX fS¥E “ping”HE4y 1] LTSI AEAT I &

“ping" $§4r%51%—{# Internet Control Message Protocol (ICMP)¥4 5 5% 5K 2 H HY
FHE - B RIREIE IR RE —EEE - fERRRER S - BRI ERHTRT ]
DIAE-— e R e “ping sy pokE I -
C - AL, ¢ FRAERY & AT LUR A — SRR s ek Se - S TE e
HE A BRI TP A AEE SRR TRAT TP Ak RN RIE B AR ) ey
2 o HEBELE P AR - R BRI R RN AT E L B RA RS AT -
D - $E ARG © 7EFFBAE = 2R SEFRH K - 78 PPP BRI ThT% - Bihd PPP
A FEEA T —RGK < BRL RN - T LSRR ER AR R - BX
IHL - AR B S A E R VT I T PPP BB TR O A - BREIEAnT
B R AT DA B IS IS = (B 0518 CIER BRI LERTHE A
IR EDHIRFEZE » PPP B7RFR AT DA RZE RHRY H S8 T3 -
E - RERA BT BRI RE RSB R 253K > 1 PPP BRI LD
1 1P R S TEROE A KIRIIARE - SRR IE A (SCis ) 2
8E5K - BN FRFOR TR R CRER R BagiE e ) - So8k T 2EpnE
ST BRTRANTEE B 2 Al BRI B B R -
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B 15-95 SBIEE] cdma2000 4% - FIFI SR EIETR  EE Y E0T5HE
RS « 477 » EIAS cdma2000 2 —FBHFHIEAT + B TEA SRR « LSS
AT B IS - R - DA E AT 33T 2L -
FERER TR BIR P — RSB - ZREEIRERE TR - LIRERAEIR SRR
B o PSR T RAREEIE Y S - ARSI B T R RS - F
580 R S B R A O P BB SRR I - BRI AL W 52 T
[l » 3G HORIBEE(E N R AR AT T -

WCDMA:

TR

RN

RS TE

L

ChERIRIRRE T2 BT

1 PR

SRR

HGE M IREIREE
biAlaRd ot by

CDMA :
TAFSEAE

W AR EIR

SEENG

B K B35 ohR

TR
DRIEHIRAE T & b il Hish =R
R iR

R R Y L S

N R W=

R e A I

Spectrum

Analyzer

SPLITTER g

Agilent 8960 @ I
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BRI RS E 2 IR R - ILThREIFE A AR AT LGRS
FEHHEISTE BT AEN - RMBRLAE GSM R S HERER s - HIEEE
R BRFR - FrLl— B ZobEfm 8960 #ykast il LASe kbl Big BeflizuEHE - 55
SBAILL splitter Mo — BRI ITEBISILEDT - A EHREBIEIVR

T Agilent 8960 3K -

SEAREE AL FoC RREEREN

HERREE & FCC REGEAVEAE DIBTHVE A FCC SREVSRE & FUE M 1D JAERRTR
FEfRLLOS — AR RIRIE R RIS TCB RRHE 1R 2 — B R FFHE FCC
| veasHIREE - BT E AR FCC fEuh(www.fec.gov) HiFE—{E grantee code °
e EEETREs REF-FAF > HERE AR 12 EF8S#TLl
W EREE T SE W URESEE A SR Bt MRRs] - S5k
THIFAEBEATRBAY FCCID - 3 T BFE(R grantee code HEY » B RHFEEH
FCC MAUGFRFEA BRI 50 2R E] FCC - 5 —YIBI{FL/EAE—{E
HW5ER > 5] grantee code FRAZ filF FCCID Rig e BEMEEER
—ESERERIZAFLOT

o RIS

o ERNEEETTSE

® FCCID (\EERE ;EEE’ This device complies with PART 15 of FCC rules’

B iE
o SR
o EREEA
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In December 1998, the Commission adopted new rules to streamline its equipment
authorization requirements by allowing Telecommunication Certification Bodies
(TCBs) to certify equipment under Parts 2 and 68 of the Commission's Rules. The
Office of Engineering and Technology and the Common Carrier Bureau are pleased to
announce the designation of 13 TCBs in the United States. The TCBs have been
accredited by the American National Standards Institute (ANSI) to approve certain
types of radiofrequency devices requiring certification under Part 2 of the rules,
and/or telephone terminal equipment requiring certification (previously called
registration) under Part 68 of the rules. The TCBs may begin operation of certifying
products within the scope of their accreditation and designation as of June 5, 2000.

The following is a list of the 13 TCBs and the types of equipment they have been
accredited and designated to approve. An explanation of the scope codes is given

below.

TCB Name and Address Types of

Equipment
American TCB, Inc. Unlicensed Radio Frequency Devices
6731 Whittier Avenue Al, A2 A3, A4
Suite C110 Licensed Radio Service Equipment
McLean, VA 22101 B1, B2, B3, B4

Tel: 703-689-0368
Fax: 703-689-2056
Contact: Mr. Desmond Fraser - desmond@rheintech.com

BABT Product Service, Inc. Unlicensed Radio Frequency Devices
4855 Patrick Henry Dr, Bldg. 6 Al, A2, A3, A4

Santa Clara, CA 95054 Licensed Radio Service Equipment

Tel: 978-663-1500 B1,B2,B3,B4

Fax: 978-663-1501 Telephone Terminal Equipment

Contact: Mr. Bill Toth — btoth@tuvam.com
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CKC Certification Services Unlicensed Radio Frequency Devices

5473A Clouds Rest Al, A2, A3, A4

Mariposa, CA 95338 Licensed Radio Service Equipment
Tel: 209-966-5240 BI1, B2, B3, B4

Fax: 209-742-6133 Telephone Terminal Equipment

Contact: Dennis Ward — dennisw(@ckc.org

Compliance Certification Services Unlicensed Radio Frequency
Devices

1366 Bordeaux Drive, Al, A2, A3, A4

Sunnyvale, CA 94089-1005 Licensed Radio Service Equipment
Tel: 408-752-8166 B1,B2,B3,B4

Fax: 408-752-8168
Contact: Mr. Steve Hsu — www.ccseme.com

Communication Certification Laboratory Unlicensed Radio Frequency
Devices

1940 W. Alexander St. Al, A2, A3, A4

Salt Lake City, UT 84119-2039 Licensed Radio Service Equipment
Tel: 801-972-6146 B1, B2, B3, B4

Fax: 801-972-8432 Telephone Terminal Equipment

Contact: Mr. William S. Hurst — wsh@cclab.com

Curtis-Straus LLC Unlicensed Radio Frequency Devices
527 Great Road Al, A2, A3, A4

Littleton, MA 01460 Licensed Radio Service Equipment
Tel: 978-486-8880 B1, B2, B3, B4

Fax: 978-486-3529 Telephone Terminal Equipment

Contact: Jon Curtis — jdc@curtis-straus.com

Elite Electronic Engineering, Inc. Unlicensed Radio Frequency
Devices

1516 Centre Circle Al, A2

Downers Grove, IL 60515 Licensed Radio Service Equipment
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Tel: 603-495-9770 B1, B2
Fax: 603-495-9785 Telephone Terminal Equipment

Contact: Mr. Steve Laya - www.elitetest.com

Intertek Testing Services Unlicensed Radio Frequency Devices
33933 US Route 11 Al, A2, A3, A4

Cortland, NY 13045 Licensed Radio Service Equipment
Tel: 607-753-6711 B1,B2,B3,B4

Fax: 607-756-6699 Telephone Terminal Equipment

Contact: Paul Moliski — pmoliski@itsgs.com

MET Laboratories, Inc. Unlicensed Radio Frequency Devices
914 W. Patapsco Ave. Al, A2

Baltimore, MD 21230-3432 Licensed Radio Service Equipment
Tel: 410-354-3300 B1,B2,B3,B4

Fax: 410-354-3313 Telephone Terminal Equipment

Contact: Mr. Leonard Frier - www.metlabs.com

PCTEST Engineering Laboratory, Inc. Unlicensed Radio Frequency
Devices

6660-B Dobbin Road Al,A2, A3, A4

Columbia, MD 21045 Licensed Radio Service Equipment
Tel: 410-290-6652 B1, B2, B3, B4

Fax: 410-290-6654 Telephone Terminal Equipment

Contact: Mr. Randy Ortanez — randy@pctestlab.com

Timco Engineering, Inc. Unlicensed Radio Frequency Devices
849 NW State Road 45 Al, A2, A3, A4

P.O. Box 370 Licensed Radio Service Equipment
Newberry, FL 32669 B1,B2,B3,B4

Tel: 352-472-5500
Fax: 352-472-2030
Contact:  Sid Sanders — sid@timcoengr.com
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TUYV Rheinland of North America, Inc. Telephone Terminal Equipment
Product Safety Division

12 Commerce Road

Newtown, CT 06470

Tel: 203-426-0888

Fax: 203-270-8883

Contact: Mr. Timothy Dwyer - www.tuv.com

Underwriters Laboratories, Inc. (Headquarters and contact point)
333 Pfingsten Road

Northbrooke, IL 60062

Telephone:  847-272-8800

Fax: 847-509-6214

Contact: Rick Titus — titusr@ul.com

Underwriters Laboratories, Inc. Unlicensed Radio Frequency Devices

1285 Walt Whitman Road Al, A2, A3, A4

Melville, NY Licensed Radio Service Equipment
B1,B2,B3, B4

Telephone Terminal Equipment

Underwriters Laboratories, Inc. Unlicensed Radio Frequency Devices
1655 Scott Blvd. Al, A2, A3, A4
Santa Clara, CA Telephone Terminal Equipment

The TCB program gives manufacturers of products subject to certification the choice
to choose a designated TCB or the FCC to have its equipment approved for marketing
in the United States. Currently, about 6000 applications for certification are filed
annually with the FCC.
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The requirements for TCBs were specified in the Commission’s Report and Order
(R&O) in GEN Docket 98-68 (FCC 98-338), adopted on December 17, 1998,
<www.fcc.gov/oet/dockets/gen98-68/>. TCBs are required to be accredited by the
National Institute of Standards and Technology (NIST), or NIST may allow, in

accordance with its procedures, other appropriate qualified accrediting bodies to

accredit TCBs. NIST has elected to recognize accreditations of TCBs performed by
ANSL

Additional information about the new TCB program was provided in a Public Notice
dated August 17, 1999, DA99-1640,
<www.fec.gov/Bureaus/Engineering_Technology/
Public_Notices/1999/da99-1640.html>. NIST is also releasing a Public Notice
announcing the recognition of ANSI as an accreditor of TCBs and the
recommendation of 13 TCBs to the FCC.

Designation and accreditation is available for several different scopes of equipment
subject to certification. TCBs are able to choose accreditation for any or all of the
nine available scopes, depending on their needs. Each of the thirteen TCBs

identified above have been accredited to one or more of the following scopes:

A. Unlicensed Radio Frequency Devices

A1l Low power transmitters operating on frequencies below 1 GHz (with
the exception of spread spectrum devices), emergency alert systems,
unintentional radiators (e.g., personal computers and associated
peripherals and TV Interface Devices) and consumer ISM devices
subject to certification (e.g., microwave ovens, RF lighting and other
consumer ISM devices)

A2 Low power transmitters operating on frequencies above 1 GHz, with
the exception of spread spectrum devices

A3 Unlicensed Personal Communication System (PCS) devices

A4 Unlicensed National Information Infrastructure (UNII) devices and low

power transmitters using spread spectrum techniques

B. Licensed Radio Service Equipment
B1 Personal Mobile Radio Services in 47 CFR Parts 22 (cellular), 24, 25,
26, and 27
B2 General Mobile Radio Services in the following 47 CFR Parts 22
(non-cellular), 74, 90, 95 and 97
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B3 Maritime and Aviation Radio Services in 47 CFR Parts 80 and 87
B4 Microwave Radio Services in 47 CFR Parts 21, 74 and 101

C. Telephone Terminal Equipment (47 CFR Part 68)

Designation letters will be sent to each of the thirteen TCBs today. The Office of
Engineering and Technology will send a designation letter to each TCB that will be
certifying equipment subject to scopes A and B.  Each letter will give guidance on
the certification of such equipment. In accordance with our policy stated in the August
17, 1999, Public Notice, we are restricting TCBs from approving equipment in scopes
A and B for which there is no documented test procedure. At present, only certain
transmitters fall within this category. A table delineating which transmitters a TCB
can approve will accompany the letter to each TCB.  Steps are being taken to

eliminate this restriction.

For approval of equipment subject to scope C, TCBs are asked to contact Mr. Bill
Howden of the Common Carrier Bureau. In letters from the Network Services
Division of the Common Carrier Bureau, TCBs designated to approve Telephone
Terminal Equipment will receive initial blocks of registration serial numbers for their
use, instructions for obtaining applicant codes, and advice on obtaining information

from the Network Services Division.

For further information about this notice, please contact Hugh L. Van Tuyl of the
Office of Engineering and Technology at: (202) 418-7506, email: hvantuyl@fcc.gov,
or Bill Howden of the Common Carrier Bureau at (202) 418-2343, email:
whowden@fce.gov, TTY: (202) 418-0484.

27



FERA S EED

Agiteri Technolagies

Power Meamremant Bascs

« Importance and definitions of l
power measurements
. Measurement hardware ‘
« Measurement uncertainty
« Considerations in choosing pow
measurement equipment
|

Power Momromnat Bovca - Agilent Technologies

28



Importance of Proper Signal Levels

« Too low
- Signal buried in noise
AL 0.0 dBm
AT wae
1008 7 DIV
"_L‘ T
}
L
f
J I
« Too high ]
- Nonlinear distortion P " "
can occur i
STRRT T80 STop 11 an
RB 300 MHz VB 200 kHz ST 13,89 masc

Power Messrement Basce

- Or even worse!

... Agilent Technologies

.DC

« Low Frequency

« High Frequency

Power Lissurament Basics

Why Not Measure Voltage?
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575 Agilent Technologiss
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Power: P = (I}(V)

P AC componert of power DC component of power

VAVIVE

Agilent Technologies

Amplitude

Powr Msasurenvent Sascy

Units and Detinitions

« Unit of power is the watt (W): 1W = 1 joule/sec

» Some electrical units are derived from the watt:
1 volt = 1 watt/ampere

« Relative power measurements are expressed in dB:
P(dB) = 10 log(P/Pref)

« Absolute power measurements are expressed in dBm:
P(dBm) = 10 log(P/1 mW)

Power ks seurement Basics +- Agilent Technnlogies
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Types of Power Measurements

. Average Power MMWWW\WNWWW «———— CW RF signal
» Pulse Power MMMMM - Pulsed RF
signal

Gaussian pulse

. Peak Envelope Power signal

Agilant Technologies

Powsr Messurarmert Bascs

Average Power

w“ ”’,‘J‘ t.“wl‘,; “* \" i

L

(i

| . i
Average over several modulation cycles

| )
Average over many pulse repetitions

[EaT——r— L5~ Agilent Technalogies
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Agenda

« Importance and definitions of
power measurements

» . Measurement hardware

« Measurement uncertainty

. Considerations in choosing
power measurement equipment

Pawer Myasurament Basica Agilent Technologies

Instruments used to Measure
RF and Microwave Power

« Oscilloscope w/ detector
« Spectrum analyzer

« Network analyzer

« Power meter

Power Massuramen 8 nacs Agilent Technologive
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Basic Measurement Method - Using a

Power Meter

Net RF power
absorbed by
sensor

Powsr Measuroment Basics

Power Sensor

Thermistors
Thermocouples
Diode Detectors

)

Power
Substituted DC Meter
or low frequency
equivalent
Agilent Technologies

Thermistors
Thermocouples
Diode Detectors

Characteristic curves of a typical thermistor element

1000 T [
800\ —— ‘1~ -—‘ -
% a0 NN\
;% . LA <2, 2
‘8
-4

Powar Messisement B asce

Power (mW)

Agilent Tochnologies
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Thermistors ~—
Thermocouples
Diode Detectors

A self-balancing bridge containing a thermistor

Thermistor
mount

Power Msmorsrent Busce % Agilent Technologies

Power Meters for Thermistor Mounts
+ 432A Power Meter

Vo

o Vswe 4 LTL
B Multivibeator
1k Amplitier
RF Beidge swe LLT ‘.“'.nmwmm
e
hwm /
vc
frhermesior mounid Bridge
= A.amr N Tk Amplifier —
ot prgeration VeV 5 Orange
) Ocatibrtion Factor
Thermistor Auto-Ieea
(Y=nwnu Circuin ,

Power Masms emont B ascs .- Agilent Technologies
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Thermistors
Thermocouples +~———
Diode Detectors

« Physics of a thermocouple
E-field

Bound lons
o804 - - - -
0e-8 g ~ _

Diffused Electrons

(Q»

o s s i Agilent Technologies

Thermistors
Thermocouples +«——
Diode Detectors

» The principles behind the thermocouple

. 1 +
Metal 1 B
Metal 2 Cold
- - - ( junction
Val +
V o+ A"
1 Q 2

Provear Masair senant Basics ':::'. - Agilent Tochnologies
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Thermistors
Thermocouples
Diode Detectors power

« Thermocouple implementation

c cold
Fad ~ junction
c l\
Thin-Fil
Resistor|
hd
n-T jun
RF input Siti
d
Themocouples
T
o— o o- o

~§i5- Agilent Technologies v

Therrﬁistors
Thermocouples
Diode Detectors

» How does a diode detector work?

—~AA | 0
Rg l ! 4[ +
§ Rmatching T Cb Vo

"0

Power Messiwament Bancs

%+ Agilent Technologies *
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Thermistors
Thermocouples

Diode Detectors «——

Square Law Region of
Diode Sensor

VO (log) vo u P|N

Noise Floor .,

.

Line7 Region

-

-70 dBm

Power Mesnwrament Bancs

::::‘ - Agilont Technologies

P [watts]

Wide-Dynamic-Range CW-only

Power Sensors

(" ucircut

RF input

Serial Data

Powar Mesturoment famcs

-+ Agilewt Techaologiex
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E-series E9300 Power Sensors
Technology

RF taput

innovative Design:

« Diode stack- attenuator-
diode stack topology

« Unique to Agilent

» US Patent applied for

Power Mesair smenst Bance. ":-‘ Agilert Technologies

Advéntages of the E-series E9300
sensor architecture

» Sensor diodes always kept in
square law region.

* Accurate measurement of
signals with high peak to
average ratios.

* Accurate measurement of

signais with arbitrarily wide

modulation bandwidth.

Flat calibration factors give

accurate measurement of

multi-tone signals.

Powar Masessrrart Bamca Agilent Technologies
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Explained

Basic Measurement Method-

Sensor\

Synchronous Meter
BPF Ranging Detector LPF

Power Meamxement Bascs

Agilent Technoiogies

Agenda

Importance and definitions of
power measurements

Types of power measurements
Measurement hardware
Measurement uncertainty
Considerations in choosing
power measurement equipment

Powe Megeusr soment Basics

Agilent Technologies b
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Sources of Power Measurement
Uncertainty
« Sensor and source mismatch errors

« Power sensor etrors

Sensor
« Power meter errors

Mismatch

o Hosnsona Bome - Agilent Technologies

Calculation of Mismatch Uncertainty

Signal Source

Power Meter

Agilent E4418Bj"

SWR =20 SWR =122
r =033 r =0.10
SOURCE SENSOR

Mismatch Uncertainty = 2 - g’ SURCE - 100%

" Lensor
Mismatch Uncertainty =12 - 0.33 - 0.10 - 100% = * 6.6%

-+ Agilent Technologiex

Fouer Meats sment Basica
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Power Sensor Uncertainties
(Effective Efficiency)

Various
sensor losses

P, Ry DC signal P
i i | signa ower
Element i Meter
Pf
Power
Sensor
Py
Cal Factor: K, = Tle——g—
R
Powar Masmrsmont Basics Agilent Tochnologies 2

Power Meter Instrumentation Uncertainties

/00
+/- 1 count 0/’011/@/“,.

/7‘9/' @)&r

/)g, @o
Zero Carryover e
Dr,‘f.,
(o

we Zero Set

Power Mearirarment Bamcs
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Calculating Power Measurement

Uncertainty
Mismatch uncertainty:
+6.6%
Cal factor uncertainty:
+3.1%
Power reference uncertainty:
+1.2%
instrumentation uncertainty:
+0.5%
Now that the uncertainties have been determined, how are they
combined?
Power Mesour e Baice Agilent Technologies »

Worst-Case Uncertainty

« In our example worst case uncertainty would be:
=6.6% +3.1% +1.2% + 0.5% =+ 11.4%
+11.4% = 10 log (1 + 0.114) =+ 0.47 dB

-11.4% = 10 log (1 - 0.114) = - 0.53 dB

“- Agilent Tachuologies

Power Meseurament Basce
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RSS Uncertainty

« In our example RSS uncertainty would be:

= V(6.6%)% (3.1%) & (1.2%) #(0.5%) 2
=+7.4%
+7.4% = 10 log (1 + 0.074) = +0.31 dB

-7.4% =10 log (1 - 0.074) = -0.33 dB

3

Powaer Measurssent Basca Apilent Technologies

Agenda

- Importance and definitions of
power measurements

« Measurement hardware

« Measurement uncertainty

» « Considerations in choosing power

measurement equipment

Powar hinssurernert Basics -+ Agileat Technologiss
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Considerations in Choosing Power
Measurement Equipment

R 375 Agilent Fochnologies

Thermistors as Transfer Standards

Microcaiorimeter
National ReferencefNiST
Standard
NIST
Rising Costs / Commercial
t
Better Accuracy Re::;?g‘gﬁ:jard Standards
Laboratory
Transfer Standard Maqufactunng
Facility
General Test User
Equipment

Agilent Technoiogies

Power Masaivament Basics
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What are

Transmission Lines?

HEWLETT®
PACKARD

— Transmission lines

@ Characteristic iImpedance
+ Terminating a Transmission Line
* Reflections
» Impedance
~ What is the Smith Chart ?
« Standing Waves
+ Some practical Transmission Lines

HEWLETT®
PACKARD
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50 volts

Transmision Line ? A Simple
Electrical Circuit

e

GENERATOR

[ (O Pevonity

% 50 ohms

What current will flow when the switch is closed?

50 volts

GENERATOR

[

Transmission Line; distance and
propogation time

7} HEWAETT®
) P

/
\

186,000 miles /
! 50 ohms
/ 300500000 m (j“_“%

Time

What current will flow at the moment the switch is closed?
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———1ransmission Line: A very-very
long uniform line.

50 volts

GENERATOR

; lncigem‘ wave propogates forever

—i : limited only by losses in the line
S e
to t {2 etc.

HEWLETT*
PACKARD 7

 E——

Propogation in an infinite uniform
transmission line

v
R o W W
! R e —
f(o t1 tz etc.

? r“Tg What current will be associated

with the propogating voltage wave?

| | .
HEWLETT®
PACKARD o
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—  Concept of Characteristic

Impedance
[1 I2 IB
Vi | 7%y VvV, |7Zy V, { — Z

Equivalent network to determine

the Characteristic Impedance e
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Characteristic Impedance

Zsz
ZO YSZ "
”— —8

| () presaty

Characteristic Impedance Z,

R + joL

Z, = :
G+ joC

[‘/" HEWLETT®
PACKARD
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— Transmission lines

+ Characteristic Impedance
< Terminating a Transmission Line
* Reflections
» Impedance
— What is the Smith Chart ?
= Standing Waves
+ Some practical Transmission Lines

| () priviiy w

—  Infinite Transmission Line

= infinity

GENERATOR (//
(

incident wave propagates forever
limited only by losses

HEWLETT®
PACKARD 1®
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—  Power Transfer

Rs
%m
v

N

TMVARN

5”/1 ™~ Pl

EDA \\;\ —

502 ‘l

CO 1 2 3 4 5 [ 7 8 9 10
RL/Rs

Maximum power is transferred
when RL = Rs

| (D poieaty

—— Maximum Power Transfer

For complex impedances, maximum
power transfer occurs when Z. = Zs*
( conjugate match)

Rs  +X

At high frequencies, maximum x
power transfer occurs when ‘% 2
Rs= R.=Zo

[ () Brvase
7R packara
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- Smith Chart

—  Smith Impedance Chart

lines of constant
inductive reactance
circles of constant
resistance

towards generator i

Open

lines of constant
C capacitive reactance
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“Phasor representation at an
instant  for open circuit
Transmission Line

S————n—

Incident wave o

=

distance toward load; fixed time

CON0CCE
0 2 0 2

Vector sum

(o] HEWLETT®
PACKARD se

——— Standing Waves

Rotation of Phasor
for increasing

time.

~~~~~~~~ . @/empe

generated

e S
HEWLETT*
PACKARD &
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— Waveguide Choke coupling

e 1\

{ Short here
transforms \

B

Contact here is
not critical

| D preaty

:\ 14 ‘;
| To a "short” here })i\j;l &k JD)

Partial reflection

Detected standing-wave pattern p<1

Vier _ Vi1V

VR TV

m HEWLETT"
PACKARD
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———  Slotted Line

SWR meter

RF power modulated at 1kHz

HEWLETT®
() ity &7

— SWR and Scalar Reflection

Coefficient
VSWR = Vmax — lV""‘}VTI
w Vil IV

Dividing both the numerator and denominator by |V,|

I+p
I-p

VSWR =

HEWLETT
PACKARD &
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—  Overview
Types of Tests Made

Modulation WMMWMWW ” m

["]: ﬂﬂﬂﬂﬂ
—  Overview >
Frequency versys Time Domain ) ;

Frequency Domain

Time domain Measurements

Measurements

ststststst

Amplitude
{(power)
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Directivity = Coupling Factor me; X LOSS anougn sm; .
Isolation wev I

Directivity (dB) = Isolation (dB) - Coupling Factor (dB) - Loss (dB)

Examples:

Directivity = 50 dB - 20 dB = 30 dB

e

Directivity =50 dB - 30 dB - 10 dB = 10 dB

Directivity = 60 dB - 20 dB - 10 dB = 30 dB

10 d8

| (D Juatreiig

———— One Method of Measuring Coupler Directivity

1.0 (0 dB) (reference)

t
Coupler Directivity :
35d8(.018)
. /’
<: > 5 i x D
Source short
.018 (35 dB) (normalized)
3 Directivity = 35 dB - 0 dB]
1 =35dB
1
R
oV A
source ()4 S [Joad]
[ () sty 26
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L T/R Versus S-Parameter Test Sets

Transmission/Reflection Test Set

S-Parameter Test Set

Source

*

Port 1 Port 2

« RF always comes out port
1

« port 2 is always receiver

« respanse, one-port cal
available

HEWLETT®
PACKARD

« RF comes out port 1 or port
2

« forward and reverse
measurements

« two-port calibration
possible

E=3

——— Processor / Display

Tneamant

« markers

« limit lines
- pass/fail indicators

» linearflog formats
- grid/polar/Smith
charts

HEWLETT
) Jaavis

—
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L _-—— Optimize Filter Measurements with
Swept-List Mode Segmenc3 20 ms

(108 ponts, -10 dBm, 6000 Hz)
CH Sp1 log WAG 1208/ RSFOUB
T

PRm #a i
i i ! | ’ L‘ E ; |
o ——
| : .
Linear sweep: 676 I, i /' \.\ fn";’em'l'St sweep: 349 {
ms ot . o
(201 pts, 300 Hz, -10 | | [ gxef)‘s' variable BW's &
dBm) L F 1T |
- : i

I

Segment 5 129 ms

1 I Aji
u HEEEEE] . +10 d3m. 30C H;
M’Y‘”/‘?'Iﬁ !‘.“»@u F Dnmls; m 73)
s .

- I

w' A{M\v\‘;‘{ ‘7;~————
{ : '

START 525000 000 LHz \ ’,‘ STOP 1275 000 000 MHz

Segment 1. 87 ms
(25 oots, +10 dBm_ 300 Hz}

Segmenls 2.4 52 ms
{15 points, +10 ¢Bm. 30C Hz}

| (D Peratoty

——=Power Sweeps - Compression

o Saturated output
0 ower

E . P
o S
E ’/ &
C
Q s
: N
(o] 2,
a Compression
_S__ region
=
o) ~__

Linear region

(slope = small-signal gain)

input Power (dBm)

| () Bty
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Medium-dynamic range
measurements (35 dB)

o cees
o

87538S

High-dynamic range measurements (100 dB)

.— Jime-Domain Transmission
RF Input
RF Qutpu: T
i CH! 521 log MAG 15 0B/ REFOUB
Main Wave "[ 1 ‘ '
Surfacei
e L
CH1 S21  log MAG 10 dB/ REF 0 0B Cor RF “ " Triple .
N T | -‘:_ge_Jaka e’ X i Travel f
Cor l _1 '\ -
: ALY
: Gt [ VAT
i 1] , | ]
AN - ] %?21_1 START -1 us STOP 6 s
1
l ]
[ (D Jopuivie 5
-—— Frequency-Translating Devices

8753ES ]
Hﬁ TE )
g § Ref out
| * 1 Reierence
Rafin mixer
Fitter  Autenuator

Altenual,{
o

(e
Allenuator

DuT

'P PACKARD

£8G-D4000A
o
2
S

I
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Connector Mating Planes

Pin
Depth _—""  Center pin
Test NONNNNNN L7 plane
Port /
8 ? Cable
p 3

Outer Mating Planes
plane

HEWLEYTY
PACKARD 75

f———

Characteristic Impedance
Model for Characteristic Impedance, Z

(Low-Loss Case)

1 i D D = Inner diameter of
= Lk . outer conductor
L= 5 \/: n ( d>

d = Quter diameter of
inner conductor

D =7.0mm
o d |[D d=304mm
[ S— 3 Z, =50 ohms

HEWLETT*
PACKARD ™

61



-~ -— Systematic Measurement Errors

R A Crosstalk B

Directivity hbadeny
IA .~ \\\
7 % { V
: | DUT —
Frequency response
. reflection tracking (A/R) Source Load

. transmission tracking (B/R) Mismatch Mismatch

-/

Six forward and six reverse error
terms yields 12 error terms for two-
port devices
[“f HEWLETT"

PACKARD £

—— Types of Error Correction

. response (normalization)
. simple to perform
. only corrects for tracking errors  [e———u)
. stores reference trace in memory, thru
then does data divided by memory
. vector
. requires more standards
. requires an analyzer that can measure phase
. accounts for all major sources of systematic error

\\‘\ ESls

S @; thru

HEWLETT®
€D [t a2
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Meaézring AM to E’-M Cor{version

b 1. Transmission Log Mag 1.0dB/ Ref 21.50dB
» 2:Transmission /M FPhase 5.0 deg/ Ref-115.7 deg Enanindt—

1] i ;
[ ;

: ! — L : « Use transmission setup

j i : iy with a power sweep

| i P b . Display phase of S21
| éﬁ \’ ._/‘ l + AM - PM = 0.86 deg/dB

B I . g )

o J{ : \ /T L i

E L N

T
| a— : + L ]
[ : | ! ! : | ’ } I i1
Start -10.00 dBm CW 800.000 MHz Stop 0.00 dBm
Start -10.00 dBm CW 800.000 MHz Stop 0.00 dBm

| £ Pty s

. What measurements do we make? 1‘! .
« Network analyzer hardware |
. Error modeis and calibration I
. Example measurements I
* « Appendix i
- Advanced Topics !
time domain i
frequency-transiating devices !
high-power amplifiers X
extended dynamic range ‘ '
multiport devices ! |
I
!
Ji

in-fixture measurements
crystal resonators
balanced/differential
.+ Inside the network analyzer
- Challenge quiz!

 e—

HEWLETT®
[é" PACKARD 260
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——— Time-Domain Reflectometry (TDR)

« What is TDR?
. time-domain reflectometry
. analyze impedance versus time
. distinguish between inductive and
capacitive transitions

. With gating:
. analyze transitions . .
inductive
. analyzer standards transition™~,
ZO -~ e e -

impedance

capacmw/' /

transition N
non-Zo transmission line

E’ HEWLETT*
PACKARD 261

r

—— TDR Basics Using a Network Analyzer

« start with broadband frequency sweep (often requires microwave VNA) -
« use inverse-Fourier transform to compute time-domain
- resolution inversely proportionate to frequency span

Time Domalin Frequency DomainT
- - —— CH1S2; Re 50mU’ REF DU
\ F S e . 0O
“ Cor 20 GHz

t S
R
VV

TDR
=
\
/ \
i f CH1 STARTOs STOP15ns

HEWLETT®
PACKARD 262
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= 11me-Domain Transmission
RF Input
RF Qulpu: T
CH! 521 1o MAG 1548/ REF 0B
Main Wave J i
Leakage
S opie ? |[Surfacei
Travel ” | Wave
CH1 S21 log MAG 10d8/ REF 03 Cor RE H T Triple
[ N ! [ Leakage * \ | Travel j_
Cor ] i o
'y
of 1™ AR
T &\ NINATN
Gate off
fj ] Gate off Y |
J sl 9&1}3&; START -1 us STOP 6 us
1
L ]
[ D bt

Medium-dynamic range
measurements (35 dB)

sRgcOres
owet

| 8753ES

High-dynamic range measurements (100 dB)
8753ES

i
le_

-—— Frequency-Translating Devices

GEPRTE0e
@

Ref

out

]

Rafin

Filter

Reference
mixer

Attenuator

}

Attenual
of

DUT

2R enckanc

Altenustor

sphit

Te
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