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M % > 40T Feh Fourier-Transform pair

G(f) =" g(t)e’"df =F{g(t)}
g(t) =] G(f)e™"dt=F*{G(f)}
® 133% Fourier Series e » fr— BFHPPALEP T £ 7 3
g(t)=a, + Zi[an cos(2znf,t) +h, sin(2znf t) = z c el
H

1 = -
c = 0 t eﬂZnnfotdt
T [ 9

® FRiFHpEmAL LTS
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H
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9, (1) {0, otherwise
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gln=1 Gif)=8(1)
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0
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| | t ~=AAQ=7 f
alt)=cos(27f,1) GO =81 = f)+6(f + )2
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® EREAMPET  BAREARRT LT

1 1
- 1, —=<t<=
gTo(t)=feC‘(t(T/2)j' with rect(t)={" 2" 2
t 0, otherwise
F]p
¢, =G, (nf,) =1F{rect(t_(ﬂ2))} _ g SNENd) g e
TO ’ To T fnf, ﬂnd

#23¢ + 2 (upper bound) 3
f,GTo vand |1/ (7 1 1,), f1f,>>1/(xd)

£_0dB/decade ¥ -20 dB/decade &1 #£ #BriT 5

® EZHARBRE ] B
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2.2 SEFE SRR TERR

® it E 3 (Filter-Bank) SA
® it BHRr i (Swept-Filter) SA

® k3 RIF B prst (Swept-LO) SA £ #
B8 SA

® p-id § 2 E ##% (FFT) SA
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BEURIERSTE (REEILKZER SA
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SRR TERTER

® Filter-bank SA

input i
signal &
—»{ coupler o— commutator — detector ” 4 .
: : ) d - #Fn BAESF PR
1n_1 CEPS TN

HEL e PRI~ FliEn

BAERE Bgt %
input fi detector s oL sE .
signd | v ipE &/ﬂ%mﬁ] 4
—»{ coupler o— commutator

HErABYRE -
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Filter-bank SA

fl f2 fn
B
[ X N ]

frequency

® Bulgk B AR > AT RARE 0 AR
FHEFERPER T T PRATREAS -

OmAME » X BiRA B SHFP IR
BFEE F%F -

+ FIZvFfF T Engelson v

BN AR (Swept-Filter) SA

filter ﬁga]al
freg. -
! fﬂ \ B
frequency v
f, ¥ - t
f; f,
t=0 t=T t=2T 5
T. I - “— I — “— I t = T
magnitude T T f,—f,

CHRABLEF LT, 0 BN G Bebigih FL 4w FT
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P Z#NMIRASAR

freq. req.
Pt TN B
frequency / ¥
f, X t
f; f,
t=0 t=T t=2T
P | | T
magnitude e >« t s 1
£FHEA Behig T2 ¢ SHF AR, o & > RO
—*thfl‘xtﬂﬁ"iﬁﬁﬂl‘{idfg " RlRAREF B - REREY
10 I el 4 (£ & eh it B2 ¢ IR R 2 LI S chip i
Mo pM&tEﬂiz RMAELIEL)
. ﬁ *AEEY AR KT B ERE R kE S
CiEER AR R BARS SA R
+ F12VFfF 1 Engelson ®
2.3 FEERE S ITEZ T RE
RF input
attenuator IFgain  IF filter
mixer 4 detector
s!ingan; ‘\ / —|>* ™ —1
Pre-Selector / A‘r?]g
Or Low Pass P video
Fil"f” | filter
oca T .
oscillator A p;/cl)(ii(; S
sweep ; (ADC)
generator
Crystal @
Reference ]
Display
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iR3A8%(Mixer)

fn: = ‘ fLo * fin‘

ey
1
22

f, . cos(2 f,gt) cos(27 1, 1)
i — S foos2x(fio + £,)0) oo 2( o~ 1,1}

fin = ‘ flot fn:‘

21

finput H G 2 Fle- BIRAE > U EHRLT
image frequency = % ¢1d B BhE ¢ - B o

f”: EI‘]J\::_E.E( fIF < fin,min)

overlap of f, andf,. range

image

if (fimex = finmin) > 2
——
<f|—F> «— f o range —
fr fo fe fo fe f

1



f||: E"]%%( fie < fin,min )

* F fie<finmin’ 2 (Finmac finmin) > 2 %}C‘g’%i input *}?F}f-ﬁl
gimage FFFMI LR R FEIBRALRERAL
dupit BA A -

© FRELImage R EAMHII N T o e R T LB LRt
® (tracking BPF) » #* BPF ¥ # B~ input signal 2% 4 4§ & i~ § ch
o F15 flo B o » BPF#r# Beninput signal 48 F = (74
FRFFR P S RF o e e

« B BPF4fsee & -

« Input signal 47 ¥ 4218 3GHz ¢ SA i ¥ TR B~i348.f < f in 7

FHE -

e —————
23

f|F EI‘]]\::_E.E( fIF > fin,max )

i ; f
t filt IF
input filter ——

fie fie
fie

f,, range fimae FANGE

o F > fma? ?Mii@‘ﬁ. input #F & § B & image 47 F - #1 3
HE RO A BAST Y AROME R L4 -

o P B ARIKE 0 Input signal 4 F M 3GHz v SA
¥ R fh > fin,max ﬁj#ﬁ- °

image

f

e —
24

12



6 9 2% A i 1P 1B R I 2%

neut *%5— \ ,/ aBaEly

INPUT
FILTER

~0 A I
& AL

° 3‘~'=\E-'?§—]CIF<fin,min(ilﬁ':l ”’F)ﬁj#*#' ’ E'J ;‘; i mﬁ?}lﬁLO*ﬁF}‘
it Bee BPF o

CE > e (B9 )R RIS ARMRLPF -

+ F1IZVFfFT Agilent ®

SRR 2% (REHTSARIE K 28)

IF FILTER

Or
Resolution Bandwidth
Filter

Input
Spectrum

IF Bandwidth
(RBW)

Display

7+ EIZVHTF T Agilent
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SRR IR A% (RRATSARIRIR #8)

*RBW e+ [ EHZ F > ¥ it X7 FenE B2 % » Whatyou
see may not bewhat you have -

« WF A RBW » E MG - 33 2 o 27 R R (R AT
B BHEFRARGNEERAR) -

o % hRBW @ 1938 3§ |F BPF @ 4 detect ¢ 5 > (SNR 3
4r) 0 & P33 hinput signal & ALRF IR I8 § B0 o F
TR AR PR

- $F hRBW 2 e £ ok tni R (8 A %) > BPER
B g o

. ;T/o BPF 45 3% 4% [+ ek - brick-wall 3] £ 7 | F BPF 8 832 5
g 0 R\ i BPF ¥ pER X £ > 900 Gaussian 3] &
7 |F BPF & 8759 o

F EIZVFE 1 Agilent z

HRER

DETECTOR

'amplitude

s KR EB(N EE BIRPIE)T 1R F IFfilter 2 5 en
modulated signal e envelope F B %k » &=d ADC £ #
Tl AF L o

4ok BT GRS R 0 R ERBW (2L ¢ LO
g frequency step < 0.1 RBW) » #3% ¥ ¥ eh& — B pixe
R 2o (RS F AT o

*+ % I chdetection mode € & * e % o

28

7+ EIZVHTF T Agilent
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MBI88 2 detection mode

Video voltage

max peak | |
§ x cpesc
% W i RMS ]
£ Y | -
S |
8 i sample $<”
5 e e
2 sample <" |
g P min peak . |
(nyth pixel e

+ FIZv#1F 1 Rauscher ®

38188 Z detection mode

+ Max Peak (positive Peak) detector : & - @ pixel & 7 f¥r
samples # ¢ + & (good for analyzing sinusoids, but tendsto
over-respond to noise when so sinusoids are present)

+ Min Peak (negative Peak) detector : & — i pixel & 7 é¥75
samples ¥ &) &

« Sampledetector : & - i pixel # # ¢ samples ¥ hd {8
— 13 2~k 12 (best for noise-like signals; may miss the peaks of
burst and narrowband signals when RBW issmaller than the
frequency spacing for adjacent pixels)

« RMSdetector : Vo =

+ AV (average) detector : Vv, :ﬁzw

« Normal detector (Rosenfell detector) : % CW-like signal & =
pospeak : ¥} noise % A+ pospeak ¥ neg peak *(better
than pos peak if noise and CW signal are combined)

M
2V
i=1

Z‘H

7+ EIZVHTF T Agilent
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BRI %

VIDEO
FILTER

Video filter #_Mid g it
® » f detector 2_ {4 »
2 ADC 2% » 71U

B ibtrace { T F -

d AW AR T Py
BR#] o RApP L
BB AREFm 7 U jio.f’?—
PRI R -

£ EIZVHF T Agilent s

4\ 3 5 3 2 SR AP SRR 2R

RF INPUT
ATTENUATOR IF GAIN

CEWOREFFIHMRSRRE O KHASALYE B Sep 5 10
dB » #& B FFeNSAT it 3 5dB & 1dB ehiE # -

TR EEPERLE C REREER G T

© W~ ABLER R IF section et B A g

+ FI7vFfET Agilent %
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HE (BERELES. FHiRE:R)

frequency
DISPLAY
PESRITHINT R ARk T E 0 F U A K
HHiE & % 2> #24] local oscillator (LO) thie F4E & » Rt
BoEEF IR RTT RO E
+LO ¥ £.VCO » » ¥ it &_frequency synthesizer -
- Frequency synthesizer g 5 1 EHpleh, HX - B
step &~ ** 0.1RBW » 14 fﬁ_&ﬁ» ML B AE % &
iR A A E AT e level IR X A o

F EIZVFE 1 Agilent %

2.4 SERE TR RRAR

® Frequency Range

® Accuracy: Frequency and Amplitude

® Resolution (equal and unequal amplitude signals)
® Sensitivity

® Distortion

® Dynamic Range

FEREH A RF RO 3

1. v ERIEHEFFR

WO RIRELE R (B X W~ H RATR)
A 7ed FRugasi R £ 2 (Dynamic
Range) &4 & £ £ (Resolution)

4. BER

2.
3.

7+ EIZVHTF T Agilent
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ARG E

S DHRR IR S G Bl

R Gl

I i g

GEf g G Gl

G ; G i e

[l o Ha

Wb il

2, [ S G| HiEE :

R G| S
mmn o AN G gjamm L R

Low frequencies M easuring harmonics
for baseband and I F 50 GHz and beyond!

#5RT ¢ % & i fundamental frequency (it 85
B (& #pl~ # & fundamental frequency i )2 ¢ » 4
-Q%'\T’:,E-}i ”ié'l;:\(‘\cﬁlg ’“'il—-gfkpé/ﬁ.m#f'}) , Jt'}i
E3HIBRIAANTRFEFL(Z R 108 3#H)
BB AAPALERERE

+ F1IZVFfFT Agilent *
AR R R R 2R
Absolute ________ o _____ Relative
Amplitude : Amplitude
in dBm v\ indB

: I
\ 1
\ 1
| 1
| 1
| 1
| 1
' |

L\ gy
: 1
| 1
Frequency ——
> Relative

Frequency

o BT R (405 F B2 power level) » ¥ * singlemarker BT e
ﬁﬁ%ﬁﬂ@ﬁukwnﬁrﬁ HEFRE ~HFEH) 0 7% ddta
marker 887 » i ¥ REG - EHE P B

7+ FIZVETF T Agilent
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ARBEZEREELE

Typical datasheet specification:

Spans < 2 MHz: (freq. readout x freq. ref. accuracy

15% of resolution bandwidth P
10 Hz "residual error") Frequency

+
+ 1% of frequency span
+
+

>

* Frequency Readout 3# % % & & 4= Frequency referenceinaccuracy -
Span error ~ RBW center frequency error £ FM residual error -

« Frequency referenceaccuracy 1 & ¢ SA enZE i % o

* Synthesized architecture 2. LO 449 1 & # & 9 R ¥ crystal
oscillator » #g F %L (BF Hz)» %3 -

* Freerunning architecture2. LO i #:{ & » HFFL R (Fin B
B MH2z) » f ™o

F EIZVFE 1 Agilent ¥

SR A BIF

Single Marker Example: 2 GHz signal
400 kHz span

3 kHz RBW
Calculation:  (2x10° Hz) x (1.3x10” /yr.ref.error) = 260 Hz
1% of 400 kHz span = 4000 Hz
15% of 3 kHz RBW = 450Hz
10 Hz residual error = 10 Hz
Total= * 4720Hz

#_data sheet ¥ 1145 $]i¢ & Frequency ref. inaccuracy %% %k » 4
Freq. ref. accuracy = 1 x 107 (aging) + 0.1 x 107 (temp stability)

+ 0.1 x 107 (setability)+ 0.1 x 107 (warm-up)

= (1.3 x 107/ yr.) ref. error

7+ EIZVHTF T Agilent
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TRE SRS E 2

[\

« Display fidelity
} REHLFE { Frequency response
« A RF Input attenuator
TRy « A Reference level
®" T « A Resolution bandwidth
. A Display scaling

Frequen cy

o Aidp £ RIEE > 3% input signal 3 reference o 4
second harmonic distortion #& g €_r2 fundamental harmonic 3
A’ v §p second harmonic £ fundamental &35z 2 £ £ -

F EIZVFE 1 Agilent %

\l

TR AR SR8 E 2

« Display fidelity & log amplifier ¢hg & ~ detector ehs e g 11 2
digitizing circuit e R 5 M °

c AV A BARAFERARARF > BRI BREBRRXET kD
referencelevels > # & A 5L & ¥ F 1 38447 reference level (» T/c
REAENER LS screen) > & 7 marker 3 B BkcE 0 F i A
reference level &xi7 v 5 » H 3 BAH AT o

* SA % BT A 5§ F P e Frequency response 5 ¢ 3 & A%%F - 4p
HRE g R2 Bmridid o

* RFinput attenuator < j£ 1 i fdo g > & IF gain
amplifier ¥ £1 i & |F %31 » #%3i ¥ RFinput attenuator i = ¢h
inaccuracy +* IF gain amplifier <

e A M RBW X Z_> Fax 8 * 7 b en|Ffilter » H insertion loss +
F P oo

« % display scaling (4= 10 dB/div to 5dB/div) » § i = 3%-&£ -

7+ EIZVHTF T Agilent
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HeREMmaEEREnET

o Mismatch (RF input port not exactly 50 ohms)

« Compression due to overload (high-level input signal)
. Distortion products

. Amplitudes below the log amplifier range

. Near noise Signals

. Noise causing amplitude variations

. Two signals incompletely resolved

F FIEVEET Agilent “

ATVER B AR AR

A A

Resolution Bandwidth Residual FM

IF Filter Type '/\

and Shape Noise Sidebands
* Resolution (f# 47 & ) 4p ¢h &4 #73 B F BT e gienin 4 - IF
filter 31 ~ AFF R AL F PARARIAIARR > 30 € B FEITR
o F]gt IFfilter ¢ bandwidth 4% £ 5 resolution bandwidth (RBW) -
o £ U BEF 4% ¢ 3 resdual FM ¢ noise sidebands °

+ FI7vFfET Agilent “




FRAT SR R IE I 2%

| F Filters Allow the Resolution of Adjacent Signals

Mixer

Detector

RE saeBW —/ \et>9B
R —_]
RES BW
@ Filter
Sweep
| LM
Spectrum
IF Bandwidth [\ n n
Display /\
+ F12VHfF T Agilent °
3-dB TSR E—BIF
— i=— 10 kHz RBW
A 1 e R )
ST R REERS TN 308
A/ AN N :
g N

3dB BW ~—
ﬁ 3ds | "]

N

——
10 kHz

A BERFALT F & RBW /3 3 B2 X FIEp
1 RHARFER -

7+ EIZVHTF T Agilent
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IR AR R

Determines Resolution of Unequal
Amplitude Signals

T—' < 3dB BW
60 dB

60dB  __ N
BW \
Selectivity (shape factor) = _60dBBW (Analog filter = 15:1)
3dB BW (Digital filter =5:1 )
+ F1IZVFfFT Agilent ®
EEE——fITF
RBW.=.1 kHz RBW = 10 kHz
Selectivity 15:1
—
3dB .--??E-- /I,,\\ -
ANMANYS
/ : \ I : \ distortion
// ! \ B \\ |~ products
7.5 kHz !
Zan. SAREMANS
// '\Il/ LN \V/\‘ \\
GOdB-";; _“""!Jllsomlasw i \ —
et |2 15 H ahdindsadies
: . e > |

10 kHz 10 kHz
4o £ 3 4 60dB ehd BB o HAR S IR I £ 3 |Ffilter 60dB
BWeh— & » iAok U B Z 6| 5 =10kHz » 60dB
BW=15kHz » &7 # 4 #+ %% RBW 4 £ § 1KHz -

F FI2VEFT Agilent *
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FM 5%88

Residual FM Smears the Signal

L O frequency

f 1 P }ZAf

stop

start time

>
»

- linear chirping
linear chirping + deviation

2 RBW -] % LO e & 645 B £ (S2AF) » B ##]e9 CW signal
3 ¥ aAH#E - FIARBW ISR A L0 S BB RE » B
HFHHBRES 58 BOCWRET RS FRNBHEFBIE -
# frequency synthesizer ¢ SA B & ¢ B* 3F -

£ EIZVHF T Agilent N

55 B R,

Noise Sidebands Hide Close-In, Low-Level Signals
and prevent resolution of unequal signals

Phase Noise \\

I JI N

Noise sidebands YRif! LO fi¥ phase noise

48

+ FIZVHFT Agilent
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AT YA R B S

RBW 8 P4 pps ¥ i £ & 73
A
II — Swept too fast
|

LW/ 1L

TN

Penalty For Sweeping Too Fast
Is An Uncalibrated Display

|
\

£ EIZVHF T Agilent 49

FRAT SR H SR IR AR

« ¥ IFfilter #hfrequency response 453 'LerE S ¢ - 2
# R ehimpulseresponse 35 & B & P o filter iz &) &
&~ MWEE  impulseresponse convolve shs: % » Flpt 7 & &
Flarr4 :;iév’vﬁ..?lﬂ: s filtering e (TZ B B L R o

- § # 2+ IFfilter £ band-limited £ 8 > ¥ § S @3B T ¥ kb
EERFEEF AT » RBWAR/| » #E eha B4R E o

cFWREN O AFRPFEE 5T 2 RBW 4 R B
RBW - %i’%é‘ﬁﬂl%*ﬁﬂ TRMFRBANLE o

* % B=RBW » R=¢ffectiveRBW > T=#pm ¥ » S &7
EH W 2 filer K5 Gaussan - By

R S 2 /2

—=|1+ 0.195(—2]

B B a
2

AmplitudeL ossFactor =« =[l+ 0.195[%) }

7+ FIZVF1F1 Engelson °
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FEAT SR H SR im A R

AT SaTHw T > &
# e RBW ¥ 14 £8 40T

o
o
2 0 -
dR 0.195(8) =
—=B- = [=0 o
dB B* \T aQ o
- >
= 10 — s
~— ()
g~ [LS g 5
v 20 o N
©
F2 > aSBEBRIF g
218 B IR RRER 5 %0 <
0.1 1 10 100 1000
. S
T 0.445 Normalized sweep rate, T8

1 FI5v#{F 1 Engelson .

FRAT SR H SR IR AR

b4

CAA BREEABHTS EE U FE
0

=3
B3 BHAREG®RBW E 5 R keh 1l
MR R BT e 3 100 B
s R SAFRPFRFR L] FT

S
T:k?

3
’

B 203, Gaussian filter
110015, Rectangular filter

« % Video bandwidth = VBW =V % 2+ RBW 3§ -]
> PISA eiFpy PRI R ToB-I3 ¢ 3

Tok—
BV

F FI2VEFT Agilent %
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SRR AT A R AR R R RS

Digital RBWs Offer Superior Shape
and Measurement Speed

N\
\
/I 1\

/ \\ ANALOG FILTER

/ Typical Selectivity
// DIGITAL FILTEE Analog 15:1
~ J N Digital 5:1
e I st -—

RES BW 100 Hz SPAN 3 kHz

+ F1IZVFfFT Agilent

ZEHEEDANL (Displayed Average Noise Level)

Mixer Detector

ot AN

RES BW
Filter

Sweep

® Spectrum analyzer generates and amplifies noise Just like any
other activecircuit.

® Displayed noise ischanged by the RBW.

® Displayed average noise level (DANL) isthe noise floor of an SA for
agiven a particular RBW. It represents the best sensitivity of the
SA and the ultimate limitation in making measurements on small
signals.

7+ EIZVHTF T Agilent
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Displayed Average Noise Level

Sensitivity is the Smallest Signal That Can Be

Measured
~2.2 dB, the smallest signal that
can be identified
Signal l I
Equals I—1
Noise

£ EIZVHF T Agilent

DANL Ed RF TR E

Input Attenuation = 10 dB Input Attenuation = 20 dB
o Effectivelevel of displayed noiseisafunction of RF input
attenuation.

® Theinput signal attenuated by the RF attenuator is
compensated by the IF gain amplifier.

® Signal-to-noiseratio decreases as RF input attenuation
increases.

7+ EIZVHTF T Agilent
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DANL E& RBW

j— 100 kHz RBW

Decreased BW = Decreased Noise

® Displayed noiseisa function of IF filter bandwidth.

o |f RBW isset toonetenth of itsoriginal value, then the
DANL isreduced by 10dB, i.e,,

Noise level change (dB) = 10 log (RBW new/RBWold)

£ EIZVHF T Agilent ¥

BigH

W

=i

» For best sensitivity, use:
— Narrowest RBW
— Minimum Input Attenuation
— Appropriate Video Bandwidth Filtering (VBW =
0.01~0.1 RBW) or Video Averaging
 However
— Smaller RBW leadsto larger sweep time

— 0 dB input attenuation causes worse impedance
matching at the input

7+ EIZVHTF T Agilent
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RE

Mixers Generate Distortion
Frequency Translated

Signals 7]
Signal To A -
Be Measured Resultant

Mixer Generated

Distortion
AN\ |
c REEFALERMP AL UE AT SAPWPLF 0 BBP 4 F

T R FRF 2B E 3L S EREL -
ERP ML EE MixLevel (R4 B RF 23 chpower) i > 3 4r
RFinput attenuation ¥ j > #* input power » ¥ % A W& E o

£ EIZVHF T Agilent %

s < E (Harmonic distortion)

- Ak S S L R BT A S
V(1) = o,V (1) + o, V' (1) + o, X’ (t) +---
% V,(t) = Acost
)
a,A’
2

3a A’ z

jcos(a)t) + aZZA cos(2wt)

VO (t) =

+(a1A+

3

+ a34A cos(3mt)---

CH R RESAD 2R A D 3R ~A°

» The second harmonic ischanged by 2 dB for 1 dB change
in input fundamental.

« Thethird harmonic ischanged by 3 dB for 1 dB change
in input fundamental.




BiA%® % H (Inter-modulation modulation)

# V/(t) = Acosmt + Acosaw,t
Bl
9 2 9
Vo (t) = “1+Z“3A Acosat + a1+za3A Acosa,t

+2053A3 cos(2m, — o, )t + %a3A3 cos(2m, — @ )t +---

. i}% > two-tone ¥ ~A
-+ 3R (20-0) & 20-0) ~A

» Thethird harmonic is changed by 3 dB for 1 dB change
in input fundamental.

61

2REERIFERE

Most Influential Distortion is the Second and Third Order

T [}

>50dB > 40 dB >50 dB

Y Y

S |

Two-Tone Intermod Harmonic Distortion

SAPRAE L 2B 3L LS Ff | WERFSILERRE
» AREHT RPRRIEE o
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second-order _
T A Y distortion thl rd-qrder
24 3A distortion
Power
indB
f 2f 3f
A . ,
T A Distortion Products
3A 3A Increase as a Function of

Power Fundamental's Power
indB

2f,- 1, f, f, 2f,- 1,

Second Order: 2 dB/dB of Fundamental
Third Order: 3 dB/dB of Fundamental

F EIZVFE 1 Agilent %

HEAREERE
Relative Amplitude Distortion Changes with Input Power Level
1dB []
210B 1dB
fo 2f, 3f,

F A 1dB s P24 £ 2dB » 3% £ > 3dB
el AME L AB O H2MBLE > 1dB » PR 3P4 E D
2dB -
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Distortion is a Function of Mixer Level

0 1
1 / 1
20 ya o !
) r 1
8 // f f
S o SECOND 1 1
Z ORDER // : :
=
ox \3/ 1 1
S -60 7
2 // : :
[a)
-80 / \ } }
// N\ THIRD | |
7 ORDlER 0 0
-100 y
-60 -30 0 TOI SOl +30

POWER AT MIXER = INPUT - ATTENUATOR SETTING, dBm

+ F1IZVFfFT Agilent
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Is it Internally or Externally Generated?

RF INPUT
ATTENUATOR IF GAIN

. @Watch Signal on Screen:
Ll_l_ + No change in amplitude =

@ distortion is part of input signal
(external)

Change Input
Attenuation
by 10 dB

4 Change in amplitude = at
least some of the distortion is
being generated inside the
analyzer (internal)
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R AR

ALA
AN
R
\ | V [ RF INPUT
\\ f \YI YI/\\ / ATRENUATION
/] [\
i L L o
L/

# RFinput attenuation & * % » & 3| %
FRISETRBLEOEL -
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Dynamic Range is the maximum ratio of two signal
levels simultaneously present at the input which can be
measured to a specified accuracy.
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Noise-To-Signal Ratio Can Be Graphed

0
@
- -20
o
&
@ -40
2 NGy
5 -60 \\\Q'O
g 4 \\\Qoé
@ 80 S AL \7“/‘,'?
c ENNNNT
-100 NN
-60 -30 0 +30

POWER AT MIXER = INPUT - ATTENUATOR SETTING, dBm

Best dynamic range occurs at the largest S/N or smallest N/S.

+ F1IZVFfFT Agilent %
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Dynamic Range Can Be Presented Graphically

0 I I I

|| Maximum 2nd Order 1 //:
Dynamic Range I// |
20 - i A |
8 K Maximum 3rd Order S 1
° . Dynamic Range / | |
G -40 : Vo | :

o 2 :
z \\ % :0%06?' \ \

4 - ;
o NN . O R 1 1
s % N 5 /S i ]
S %, o\"i V] vo " ;

Q.
R R A
1 "/e: N \\ ; =
1 1 /]
-100 S N 1 1
-60 ST a0 0 ToI SOl +30
Optimum POWER AT MIXER
Mixer Levels = INPUT - ATTENUATOR SETTING, dBm
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Use a 40dB external attenuator and 40dB internal,
to get mixer level to —43dBm.

L [ [ | pd
.@_20 | Maximum 2nd Order //
S Dynamic Range )
= N
£ 40 1 )
2 o \\ h o5 Specifidation-60dBc

- Ko .
e O
Z 80 TSN +37dBm = output level
(O] U750
g PN

-100 ¢ n AN

-60 -30 0 +30
POWER AT MIXER =
INPUT - ATTENUATOR SETTING dBm

—42dBm = optimum level
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B &5 E - DR Summary Graph

MAXIMUM POWER LEVEL (30 dBm)

-10dBm MIXER COMPRESSION

' -35dBm THIRD-ORDER DISTORTION
LCD-DISPLAY ’;{"EQSEREME T SECOND-ORDER
RANGE 145 dB -45 dBm DISTORTION
80 dB
gIAGNNGAEL/NOISE NOISE
‘ WS AE g oNAL 3rd orper | 0.dBc SIDEBANDS
DISTORTION
INCREASING 80 dB RANGE  5|GNAL/ 2nd ORDER
DISTORTION SIGNAL/NOISE
BANDWIDTH OR DISTORTION 2 DEBANDS
ATTENUATION 80 4Bo/1kHy

-115 dBm (1 kHz BW & 0 dB ATTENUATION)  MINIMUM NOISE FLOOR
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2.5 2BIEHI 1 (an LNA circuit)

U Figurelshowsafully integrated 3.1 -8 GHz UWB LNA.

p— Y "
i Lo

N VR :

. . ! RFout |

The modified Chebyshev bandpass filter i M ;
""""""""""""""""""""" : Bias 2 :

G G L i :

RF,,,°_| "_I"\. ; M, i

Ls G

Figure1l A Fully Integrated 3.1 — 8 GHz Ultra Wideband Low Noise Amplifier
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ER/EH 1 (an LNA circuit)

Figure2 Layout of the proposed Figure 3 The micrograph without
UWB LNA on-wafer measurement
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E8/E ) 1 (an LNA circuit)

Agilent E8247C Agilent E4407B
Spectrum Analyzer

7

6]

Figure 4 The micrograph with on-wafer measurement

75

FFIHBZEF A SEPIens U

ER/EH 1 (an LNA circuit)

U Figure5 and 6 show theinput P4z and I P; are-6 dBm and

4 dBm, respectively.
10 7 20 ”
5 - -’ 10 :_.
B 0 _)g:_i'—‘
-~ 0 = ;)
_% . = é -10 —
= <20 .
g1 £ 7
o o
o -15 o w0
§"2° gso /
© -25 © -60
30 -70
P~
-35 80
-40 -30 -20 -10 0 10 -40 -30 -20 -10 0 10
Input Power (dBm) Input Power (dBm)
Figure5 Measured result of Pigg Figure 6 Measured result of P53
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ERIEH 2 (a VCO circuit)

O Figure 7 shows a fully integrated CMOS 3.5 GHz QVCO

Differential Voo : Voo
VCOs : :
Ve . Ve .

c c - c c =

Quadrature I+ | Q+ Q=
Outputs L . L .
@ u_McpI MCPI_’ a* l‘? ‘_MCN MCP' :l-

Figure 7 The proposed SQVCO topology

F FHBE ISP 1

SREH 2 (a VCO circuit)

O The layout photograph of the cross-coupled LC QVCO

Figure 8 Thelayout photograph of QVCO
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ERIEH 2 (a VCO circuit)

O Figure 9 shows consumption is 15 mA at 2.3V supplied,
and the start-up frequency is3.776 GHz at
: Agilent  21:50:19 Apr 17, 2007 ,m

Atten 10 dB

Meas Toolsy|

Next Peak

Next Pk Right|

Next Pk Left

Min Search|

Pk-Pk Search)

More
10of 2

Figure 9 The measurement of the CMOS LC QVCO
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SREH 2 (a VCO circuit)

O Thetuning frequency as shown in Figure 10
isswept from 0to 1.8 V.

i Agilent 22:17:46 Apr 17, 2007 Marker
Atten 10 dB ‘
T e w—

Delta Pair

(Tracking Ref)|
ef Deltal

Ri

Span Pair]|
Span Center|

A:\SCREN108.GIF file saved

Figure 10 The turning frequency of the CMOS LC QVCO
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E I 3 (a Mixer circuit)

Cmmon Source Cascode Current
Reuse Transconductance stage

| F Buffer Amp

M3 My M7 Ms) 1 Mi3 Mis \I
I i
1
1
=] \LO LO+ 1
I M2 Mo : I Mo Mio Mir M1z :
. 1
1 IF+ i !
1 \

E _________________ Mixer Core
F PG A SR U *
SREH 3 (a Mixer circuit)
ulJ
T ra ) |
m ] |
R —= -
: Te— ﬂ—ﬂ ‘
;__f%_ 'T T’ﬁ] ) ”"L"I

Figure 12 Layout of the proposed

5z

Figure 13 The micrograph

Mixer without on-wafer measurement
FEIBEP I FRR S *
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£38/E I 3 (a Mixer circuit)

Agilent E8247C Agilent E4407B
erater Spectrum Analyzer

00

Figure 14 The micrograph with on-wafer measurement

FFIHBZEF A SEPIens U

SREH 3 (a Mixer circuit)

s = 1\
s
10 |
E /d/
o 5 /
=
© 0 ‘
2
o
L 5
=]
=
5| -
3 10 |
l 15
-20
-20 -15 -10 -5 0 5 10 15 |
Input Power (dBm)

Figure 15 Simulated result of Pygg.

we can seethat the input and output P,y are
about 4.3 dBm and 8.1 dBm.
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ER/EH 4 (a Wideband Amplifier circuit)

AAA

VVV
P
N

| Gain
g PN | SET—— | = - Stage
: Ms{ :

Circuit : : U Output
l:]. ] : Matching
wa —1— Stage

Inpélt :

40
[l

AA,

J vy
dik
i— 1

<

. S

Figure 16 Circuit topology of 0.25 um wideband amplifier with wide operation voltage range
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=RIEH 4 (a Wideband Amplifier circuit)

Figure 17 Layout profile of the 0.25 um Figure 18 Micrograph of the 0.25 ym
wideband amplifier wideband amplifier
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=HEH 4 (a Wideband Amplifier circuit)

M easured Results

Signal Generater | | Spectrum Analyzer

Figure 19 The micrograph with bonding wire PCB measurement

B P SEFS i

=RIEH 4 (a Wideband Amplifier circuit)

25V 3V

# Agilent  11:23:58 Mar 18, 2004 # Agilent  11:23:22 Mar 18, 2004
Mkrl 1.95 GHz Mkl 2.18 GHz
Ref @ dBm Atten 18 dB —9.618 dBm Ref @ dBm Atten 18 dB ~7.451 dBm
Peak Peak
Log Log
10 16
dB/ dB/
Marker Marker
1950000000 GHz 2.180000000 GHz
9R18 =751
e sl by i by
W1 S2 Wl S2
$3 FC S3 FC
AR AR
Start 0 Hz Stop 18 GHz Start B Hz Stop 18 GHz
Res BH 3 MHz YBH 3 MHz Sweep 25 ms (401 pts) Res BW 3 MHz YBH 3 MHz Sweep 25 ms (401 pts)

Figure 20 Output spectrumof the0.25um  Figyre 21 Output spectrum of the 0.25 um
wideband amplifier at 2.5 V supply voltage. wideband amplifier at 3V supply voltage.
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ERIEH 4 (a Wideband Amplifier circuit)

3.3V 4V

3 Agilent  11:26:49 Mar 18, 2004 3 Agilent  11:29:25 Mar 18, 2004
Cntrl 2.250771 GHz Cntrl 2.376979 GHz
Ref 8 dBm Atten 18 dB -7.319 dBm Ref @ dBm Atten 10 dB -14.87 dBm
Peak 1 Peak
Log g Log
10 2 10 B
B/ ° Marker|Count: [Hiden Res BH| dB/ Marker|Count: |Widen Res BH
Fl
2
Marker Markar ¢
2.250000008 GHz 2.380000000 GHz
-7.319 dBm -14187 dBm N
WL $2 Wi §2]
33 FC 53 FC
AR AR|
Start @ Hz Stop 10 GHz Start @ Hz Stop 10 GHz
Res BH 3 MHz UBH 3 MHz Sweep 25 ms (401 pts) Des R MU URL T MU Qusan 06 me (AR mred

Figure 22 Output spectrumof the0.25um  Figure 23 Output spectrum of the 0.25 um
wideband amplifier at 3.3 V supply voltage. wideband amplifier at 4 V supply voltage.
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=RIEH 5 (a Power Amplifier circuit)

Vop=33V

Chypass

te ovor < Figure 25 Layout profile of the 0.18
Figure 24 Fully integrated PA um power amplifier
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£8/E B 5 (a Power Amplifier circuit)

Agilent ES247C Agilent E4407B
ignal nalyzer

Power Meter

Source Pull Load Pull

Power Supply

—— Typical Simulated
—— Typical Smulated F| 27 M raj EM Simulated
Fig. 26 Measured S;; |/ & smiae Dg Sz |-~ Mered
0 — — T
5 hal v 5 : = S A T
_ -10 = -10
5 =
3 s S
2 i o .15
20 = il
i 20 i
-25 i H
30 H -25
1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Freguency [GHZ] Frequency [GHz]
o N 91
F 1 £GP SRS
=g £ TP
= HIEH 5 (a Power Amplifier circuit)
—— Typical Simulated —— Typical Simulated
EM Simulated EM Simulated
=+ = Measured == Measured
40 — 25 T =
. 20 c—
o - e
g 25 'Em {.«‘
3 g5 T
o =
| . 50 -
% 15 & s =
~. - B
o N 7
10 2w -10 p
5 < 15 fefe”
~ i
0—40 -30 -20 -10 0 10 20 -20-40 -85 -30 -25 -20 -15 -10 -5 0 5 10 15
Pin [dBm] Pin [dBm]

Fig. 28 Measured power gain Fig. 29 Measured output power
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HEeE2RERE 1

Zero-Span --- & 5 modulation signal ¢3 time-domain & 5

10msec . Span =0 Hz
¢ > » Center frequency =thecarrier

frequency of the modulated
o A A A A ionel
NENVENVE VY RBW >>f, . » VBW > RBW

MARKER 4 « Vertical axis= linear
10 msec _ . .
1.000 X » ¥ B¢ 5t modulation signal

(baseband signal)

« ¥ 4 demodulator » * %
detect AM # 5% (AM radio)

* - 4. SA 4 fr3 FM detector
(FM radio)

CENTER 100 MHz SPANOHz fL HI:V'Jl;*T ;‘fofﬁ Zﬁ"iﬁ‘} -
RESBW1MHz ~ VBW3MHz  SWP50msec  'mod

+ F1IZVFfFT Agilent %

HesSRkE 1

Zero-Span --- ¥ ;&< %_AM signal v modulation index

) ZeroSpan +
Swept Frequency Domain FFT Frequency Domain
| | I i T | I | ] Lqu
10dB 1 | | J RBW <<f ]
MARKER & MARKER &
1kHz 1 kHz
-26 dBc -26 dBe
RBW >>f,
! |
b i i & C TN VY NPT
CENTER 100 MHz SPAN 10kHz ~ CENTER 100 MHz SPAN 0 Hz
Vo () = (1+ mcoswmt)cosa)ct sideband level relativetocarrier
= A =20log,,(m/2)
modulation index = 2x10"#'2 For thisexample, m = 0.1 or 10%
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