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VCO Design Using SpectreRF

Voltage Controlled Oscillator Design
Measurements

The procedures described in this workshop are eelibly broad and generic. Your
specific design might require procedures that kgétsy different from the ones
described in this application note.

Purpose

This workshop presents how to use SpectreRF iAtiadog Design Environment to
measure parameters which are important in desigficagion of voltage controlled
oscillators, or VCO. New features of MMSIM6.0USR2 ancluded.

Audience

Users of SpectreRF in the Analog Design Environment

Overview

This application note provides the user with adast of common measurements for
VCO.

Introduction to VCOs

Oscillators generate a reference signal at a pdatiérequency. In voltage controlled
oscillators, or VCOs, the frequency of the outpati®s in proportion to some control
signal. Oscillators are generally used in RF ciscto generate the local oscillator, or LO,
signal for mixers. VCOs are used in both receiasd transmitters.

The noise performance of a mixer is strongly adddiy noise on the LO signal. The LO
signal is always passed through a limiter, whicheserally built into the mixer, to make
the mixer less sensitive to small variations indhglitude of the LO signal. Oscillators,
except for reference oscillators, are embeddedas@-locked loops to control PLLs
frequency and reduce their phase noise. Referesudators are generally fixed-
frequency crystal oscillators, and as such havéamalrolled frequency and noise.

However, oscillators still produce enough variatiothe phase of their output to affect

the performance of the transceiver. Thus, it isdrtgmnt to minimize the phase noise
produced by the oscillator.
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The Design Example: oscHartley

The VCO measurements described in this workshopacailated using SpectreRF in
the Analog Design Environment. The design investigas the Hartley oscillator shown
below:

Hartley Oscillator
(varactor—tunable, 720MHz—>1.1GHz)

oL@
vee I=2n

vce

v1:0.0
v2=Fvce
tr=1n

gnd

Frequency Tuning: gnd
Vary V_cntl 9V—>6V

The oscHartley VCO uses the basic Hartley topolgy is tunable between 720 MHz
and 1.1 GHz. The oscillation frequency (Fo) is deteed by the resonant circuit made
up of inductors (LO, L1) and the C1 capacitor.His fparticular VCO, the values of L1
and L2 are fixed whereas the value of C1 is vagiabl

In this example, the resonant circuit's capacitbis€rves as a varactor diode. As a result,
the varactor diode's junction capacitanCg,, is a function of the applied voltage as
shown in the following equation.
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c,, =| S0 y
var ( Vj
1+~
@
Where
m V = applied junction voltage (V)
[ C,, = Junction capacitance (F) forV=0V
[ f = barrier potential (V)
m y = junction gradient coefficient

The varactor diode for this VCO has the followiradues

n C,,=8 pF
n f=0.75V
] vy=04

BecauseC,,, is inversely proportional to V, and Fo is inveyspfoportional toC,,, , the

var !
oscillation frequency is proportional to V. In otlveords, as you increase C,,,
decreases and Fo increases.

Example Measurements Using SpectreRF

To achieve optimal circuit performance, you shaukehsure and evaluate several VCO
characteristics or parameters under varying camtitiAs an example, one fundamental
measurement is the plot of VCO output frequencgu®tuning voltage. An extension of
this parameter is tuning sensitivity (expressedafV), which is the differential of the
output frequency versus tuning voltage curve. Topeschange as a function of
frequency is a critical design parameter.

In practice, both of these parameters should briate under different supply (Vcc)
conditions since the output frequency may shifwitc changes. This DC power
sensitivity is calledrequency pushing

The RF power output is a function of both Vcc antpat frequency. You should
evaluate the RF power output since an output ptevet that is too low results in
excessive noise and an output power level thaoiditgh creates distortion and
consumes excess DC power. Moreover, the DC poveethigachance to translate Vcc
noise into oscillator output modulation and noise.

There are many parameters you must evaluate thatoaicovered in this workshop. The

parameters that are covered in this workshop stedliand described in the following
labs.
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We’'ll begin our examination of the flow by bringing the Cadence Design Framework
Il environment and look at a full view of our redece design:

Change directory to...

Action: cd to./vcodirectory
Action: Invoke toolictb&
Action: In the CIW window, selediools->Library Manager...

Labl: Output Frequency, Output Power, Phase Noiseral Jitter
Measurement (Pnoise with shooting or Ftéble Balance engine)

Usually you cannot specify an analysis period foeatonomous circuit because you do
not know the precise oscillation period in advadaethat end, you can estimate the
oscillation period and SpectreRF will compute therect period. The output power of a
VCO is typically expressed in dBm.

Phase noise is random phase variation in the V@@faut oscillating signal. Close to the
carrier phase noise is mainly composed of flickas®. The flicker noise measured in a
VCO is generated only by the active devices, ssdhea transistor and the tuning diode.
The phase noise is measured at distances from 1oitize carrier to several megahertz
(MH2z) off the carrier in a 1-Hz bandwidth. Phaséseas the ratio of the output power
divided by the noise power at a specified valueiarekpressed in dBc/Hz. Phase noise
is the most significant source of noise in osaltat which makes it a crucial
measurement.

Jitter is the measure of an uncertainty in the wiu the oscillator or fluctuations in the
timing of events. In oscillators and frequency &gsizers, jitter affects sensitivity and
selectivity. In RF systems. It causes an increasbd channel separation. Spectre RF
determines autonomous jitter by first determinigsa versus frequency with

correlations (modulated Pnoise). Then the integmna done using a user-defined sample
frequency point as an input. As a result, two Pmaisalyses (modulated Pnoise analyses)
are run by SpectreRF to extract jitter information.

Action1-1  Inthe Library Manager window, open tbehematiosziew of the design
oscHartleyin the libraryRFworkshop

To start an oscillator circuit, apply initial cotidns or kickstart the oscillator. This is not
necessary for thescHartleycircuit in this lab, because it contains a puls&ree that
kickstarts the oscillator. Therefore, no real alitonditions are necessary.

Action1-2: In the Virtuoso Schematic Editing window, sel&obls->Analog
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Environment

Action1-3  You can choos8ession—Load Stateén Virtuoso Analog Design
Environment load statd_abl_Pnoise_shooting then skip toAction1-12
or ...

Actionl-4 In Analog Design Environment window, selégtalyses->Choose...

Actionl-5 In the Choosing Analyses window, select pissbutton in theAnalysis
field of the window. SeFundamental Frequencyof 600 MHz based on
estimation. Set thumber of Harmonics to 3 for this oscillator. Set the
tstab to add additional time for the oscillator to corge=on its operating
frequency. Click on yes to save the initial transiesults. Th@scillator
button should be enabled. When activated, thi®ogglls the simulator to
run an autonomous circuit and to treat the specFendamental
Frequency of 600 MHz as an estimate. To set thdl&sc node and
reference node, click the select buttons and chtheseodes indicated in
the oscHartley schematic.

Action1-6:  Click theOptions button at the bottom of the Choosing Analyses
form.

The Periodic Steady State Options form appears.

Action1-7: In theINTEGRATION METHOD PARAMETERSsection, verify that the
method is set tgear2only.

Action1-8:  Click OK in the PSS Options form.
Actionl1-9 Click Apply in the Choosing Analyses form.

The PSS analysis form should look like this:
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0K | Cancel | Defaults Apply Help

Periodic Steady State Analysis

Engine | Shooting | Flexible Balance

Fundamental Tones
# Name Expx Yalue Sigunal Srcid

Cleariidd | Delete | Update From Schematic |
Beat Fregquenc e
Y q - 600M Auto Calculate |
.~ Beat Period
Output harmonics
Humber of harmonics . | 3

' Accuracy Defaults {errpreset)
B conservative | moderate | liberal

Additional Time for Stabilization {tstab) |120q

Save Initial Transient Results {saveinit) | no W ves

Oscillator 1l Oscillator node | /Vout: | Select

Reference node | fgnd® . Select |

| Swesp

LEnahled m Options... J

Action1-1Q Click thepnoise button. In the Periodic Noise Analyses form, Seteep
type to relative, andrelative Harmonic to 1. SetStart-stop to 1K to
10M. Set theSweep Typefield to logarithmic andNumber of Stepsto
10 (You may want to have more steps for accuracy). tBetMaxim
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sidebandto 15. Set Output tosoltage Select the Positive and Negative
nodes in the oscillator schematic. 8giut Source to none

The form should look like this:

0K | Cancel | Defaults Apply Help

Periodic Hoise Analysis

SRR Hpad frasmasanee Sieh GO

=

sweepiype relative ' Relative Harmonic |

Output Freguency Sweep Range {Hz)
Start-Stop — | start [1K Stop | 10M

sSwreep Type

-~ Points Per Decade

. . I 10
Logarithmic — | 4 Humber of Steps

. Add Specific Points |

| Sidebands

Maximum sideband 15

Output S )

~ Positive Output Hode | /Yout Select |
ol . | | : e |
i ~ Hegative Output Hode /gnd! Select |

Input Source

none

hoise Type  jitler |

jitter: jitter measurement at the ouput

FM jitter for autonomous circwit

LEnahled = Options... |
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A Pnoise Analysis is set up to run after PSS hbkulzded the steady-state oscillation
frequency. The phase noise from 100 Hz to 10 MElative to the derived oscillation
frequencywill be calculated. Because this analysis isaforautonomous circuitSweep
typedefaults tarelative. For driven circuitsSweep typdefaults taabsolute

For a typical bipolar oscillator, the phase nossspecified at 10 kHz off the carrier. The
sweep limits should include the lowest offset frexgey of interest, but one has to realize
that at the frequencies close to the LO the sngllas approximation will break down
and the information at those frequencies is natdvadhat depends on the Q of the
oscillator and on the presence of the flicker nofs®ther factor could be the bandwidth
of the circuit itself. The highest limit is usuathy the order of f(LO)/2 to f(LO) since we
are only interested in the phase noise aroundutmubharmonic. The bandwidth of the
circuit will often be the factor here too. Moredreency points are always helpful to
increase an accuracy of the jitter computationss Wol have to trade off the frequency
range, number of point per decade and the maximdebands that will be used for
folding in PNoise.

The Sidebands field is set toveaximum sideband of 15. In this case, you are interested
in the up-converted 1/f device noise to the odadiafrequency, which is manifested as
phase noise. To account for higher harmonics ob#udlator that also contribute noise,
change this value.

Because the up-converted noise appears at théatmcdutput, the/outnode was
selected as thieositive Output Nodein this analysis. The noise power of each noise
contributor in the circuit is stored, but the “outmode of interest” needs to be specified
to tell the Virtuose Spectre RF software where to sum the noise powers.

No Input Source is specified. For an oscillator, the noise comemfthe autonomous
circuit itself, not from a driven source suchpast from analogLih

The Pnoise output will be used to compute therjigence we are using the phase noise
to calculate the jitter, the netlist will have twnoise analyses in it. for pnoise jitter for

autonomous, pnoise modulated is run in the backgtoGonsequently, pnoise
modulated results are available in the direct fdon.

Action1-11: Make sure that the Enabled button is on. Click @Kthe Choosing
Analyses form.

Now your Virtuoso Analog Design Environment lookeelthis:
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e d Virtuoso® Al g | | [
Status: Ready T=27 C Simulator: spectre 4
Session Setup Analyses Variables Outpuls Simulation Results Tools

Help
Design Analyses _K':{, .

(i |14 Type Arguments. ..o Enable s
Library RFworkshop . [ F?RCHH

___ === 2 =t
Cell oscHartley Kol Se 15 1K 10M 10 .. ves ]

|2 pss 600M 3 fVout  fgnd!  ves il 4 .i.
View  schematic 1}; T

Design Variables Outputs [:Ej =

[#  Name Value # NamesSignal /Expr Value Plot Save March \jyf
1 Fwec 5 Tl |
{2 ¥ omtl 6

13 ¢ war ge-12..

| Flotting mode: i Replace . | J&
L ==

Action1-12 ChooseSimulation—Netlist and Runto start the simulation or click on
theetlist and Runicon in the Virtuoso Analog Design Environment
window.

After the simulation has finished, plot the simidatresults.

Action1-13 In the Virtuoso Analog Design Environment windaskoose
Tools—Results Browser

Action1-14 In the Results Browser form, expaoss-tran.pss.
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L' d Results Browser = II:I l
File Settings Tools Help

EERd U Replace v |

Location |fm!tfusim554fusrlfruanzhufwurkshupfrhﬂ.rurkshupf'-.rl:ufsimulatiunfus+ v=-|

3 fnetfusimS5 4 /usr L yuanzhu warkshop riworkshop i SILOJPLUS

[ pss-tran. pss ‘-l}:ill;rill__l-l_llgs
O3 pss-td.pss M /

B oLt
3 pss-1d.pss lnet14
] phaise-pnaise §§ het2 0
] modelParameter-info Inet23
1 element-infa Sinetz ¥

S

Ea outputParameter-=info
= designPararmy'als-info
] wariahles

I Filter Vs |
|t§dencg

Action1-15 Double click on Vout. Th&outtransient node voltage appears in the
Waveform window.
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L d gr 1] JE [ [EReaRtn i an
| File Edit Graph Axis Trace Marker Zoom Tools Help
SEHESANFEEB T » 2 Em ~/|Label | |
Periodic Steady—5tate Analysis “pss' time = (05 - 132 ns) E
— oL
&
4_
2
= 0
Sl
-2
—
_6. e ! ! L T L i i ¥ T E ¥ ¥ ¥ T 5 Y T Y E T E i
4 2510 500 50 100 125 150
tirme {ns)

-

Action1-16: Close the waveform window.

Action1-17: In the Virtuoso Analog Design Environment windowposeResults—
Direct Plot—Main Form to plot the calculated oscillation frequency,

output power and output noise.

The Direct Plot form appears.

Action1-18 In Direct Plot Form window, choospss as the Analysis type and

configure the form as follows:
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OK | Cancel Help
Plotting Mode Append |
Analysis
| & pss - phoise

-~ phoise modulated . - phoise jitter

Function

' -~ Yoltage .~ Current
4 Power .~ Voltage Gain
=~ Current Gain .~ Povrer Gain

.~ Transconductance .- Transimpedance

.~ Compression Point . - IPN Curves

-~ Power Contours ..~ Beflection Contours
.~ Hanmonic Fregquency . - Power Added ETT.
- Power Gain Vs Pout . - Startup Transient ¥

-~ Comp. Vs Pout .~ atartup Transient |
«~ Hode Complex mp. - - THD
Select Het { specify R ) ;

Resistance (Default is 50.) | 10

Currently, only spectrum data is available

Modifier

- Magnitude . dE10 4 dBm

Add To Outputs

tsglect Met on schematic... J

Action1-19 Select net Vout on the schematic. The resultswslioe oscillation
frequency is around 1.1G, and output power is atdudBm.
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SefEll  BFEE T

i A [Atabet |

Periodic Steach: State Response

=
=)
PSS

s

o]

— el oK Aot pss dBmP

25.04
0
-25.04

-50.0

-75.04

- 100+

=lAs

€]

T T T T T
500 1.0 15 2.0 e
freq (GHz)

3.0

S

E=|} graphl selected: double-click to bring up attribute dialog.

1

Action1-2Q

November 2005

Plotting Mode Replace . |

Analy sis

.- pss 4 pnoise
-~ pnoise modulated . - pnoise jitter

Function
' -, Output Hoise -~ Input Hoise

-~ Hoise Hgure .~ Moise Factor

«,~ HFdsh -, Filsh

.~ HFieee . Fieeg

4 Phase Hoise «~ Transfer Function
Add To Outputs| | Plot |

i » Press plot button on this form...

15

In the Direct Plot form, change the Plot ModdReplace and the Analysis
type topnoise Change the Function #hase Noisgand click thePlot

button.
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Now you should get the following waveforms:

Sl | FEEE PN ME [/]Labet | |
Feriodic Roise Fesponse [’ﬂ
— Phase Muoise; dBcjHz, Eelative Harmonic = 1
=500
7504
i
o |
oo=100-H
S ]
N
I 4
o= 1254
o B
)
—150—-
=175 ——T————r T ————r T
10° 10 10° 108 107
relative freguency (Hz)
L|> graphl-selected: double=click ta bring wp attribute dialog. | =|!

SpectreRF determines autonomous Jitter by firgradehing noise versus frequency with
correlations (modulated Pnoise). When running phmsdulated, SpectreRF compute
correlation between sidebands by using pnoise=getiog in the background. Using
spectreRF Pnoise modulated analysis, the useudgrcharacterize AM, PM, USB and
LSB components of the noise.

Action1-21 In the waveform window, click the Add Subwindogon.
Action1-22 In the Direct Plot form, In the Direct Plot forset the Plotting Mode to

Append. Selectpnoise modulated SelectAM . SelectdBc. Push thélot
button.
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OK | Cancel| Help”

Plotting Mode  Append . |
Analy sis
o PEE -~ pnoise

4 pnoise modulated . - pnoise jitter

Hoise Type

-USB . LSB @ AM - PM

Function

4 Output Hoise

kModifier

-~ Magnitude - - Power
.- BV 4 dBc

| Add To Outputs! = Plot |

! = Press plot bution on this form... I

Action1-23 In the Direct Plot form, Select PM and push th& Button.

Diract Plot Form. .
0K |Cancel| HBIPH
Plotting Mode  Append . |
Analy sis
o PEE - pnoise

4 pnoise modulated .- pnoise jitter

Hoise Type

. -USB . LSB . AM & PM

Function

4 Output Hoise

kModifier

-~ Magnitude . - Power
- dBW 4 dBc

| Add To Outputsi = Plot |

!: = Press plot button on this form... '
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The waveform window updates.

SrEEAFEE S u ik ME [ Labet | |
Periodic Moize Kesponse m Periadic Moize Responze El
— Phase Moise; dBc/Hz, Eelative Harmaor: .. dBciad noisey — cdBePM: noise)
=500 _SQ'O]
~7510] - \
it j - 100
%_100_' lI\i \\\
e E — 125 “\_&
i 1 ]
T 1254 g ] ™
= -1501 ‘\\
—150—_ _1?5_: 2
—1?5_ T ~2 00— T
10° 1wt 10® 1wt 107 103 1wt 10 0% 107
relative freguency (HZ) relative freguency’ (Hz)
L|> graphz-selected: double=click 1o bring up attribute dialog. | =|!

Action1-24 Compare the total phase noise to the PM nois&eMour mouse cursor
in the waveform window and read the phase noisegnid the PM noise
at 10K Hz. They are the same.

Action1-25 In the waveform window, select window 2.

Action1-26 In the Direct Plot form, selepnoise jitter. Selectphase noiseChange
the Plotting Mode t&keplace SelectPlot.

The following plot shows the phase noise. Notic the result fronpnoise jitter is

around 3 dB higher than that frggnoisebecause thpnoise jitter simulation calculates
double sideband noise rather than single sideband.
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(&4 REworkshop oscHartley | : ;
File Edit Graph Axis Trace Marker Zoom Tools Help
Sl OFER S kYD [/Labet | |
Feriodic kloise Response m Feriodic Hoise Response E]
— Phase Moise; dBcjHz, Eelative Harmor. .. Phase Moise
=500 —50.04
7504 -75.04
i
o | ]
%—100—_ j-I\i —100—_
Z o
T ] £ i
- ] (s ]
= —125_ = 125_
)
—150—- ~150—-
—1?5- e —1?5- T
10° 10t 10° 10 107 102 1wt 10° 10 107
relative freguency (H2) relative frequency (Hz)
L|> graphz-selected: double=click ta bring wp attribute dialog. | =|!

Action1-27 In the Direct Plot form, selepinoise jitter. Select20dB/dec Lineand
configure the form as follows:
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OK | Cancel Help

Plotting Mode Append

Analysis

. e - pnoise
.- pnoise modulated 4 pnoise jitter

Function

| . Phase Noise 4 -20dBidec Line
~JE

S

~Joe

S

Modifier

# dBc . Power . . dBY

Integration Limits
Frequency {(Hz) 1‘*1

Start Frequency (Hz) 1K

Stop Frequency {Hz) | 108

Add To Outputs | Fiot

i = Press plot button on this form... J

The “-20dB/dec” curve could be placed on the phmsse curve at any frequency. The
slope of -20dB/dec “assistant” let us to distinguise regions of the 1/f*3, 1/f*2 and 1/f
phase noise PSD. If you prefer, the quick manuali&tions using simple white noise
jitter approximation could be used after the prageion of 1/f2 slope is determined [3]
The white noise approximation was used in the faktase of the jitter measurements. It
required the user to select the point for the agpration of the slope. In the later
releases of Direct Plot, the integration is nunarand the selection of the point is not
needed anymore. Therefore, the slope assistamt isfobrmative purposes only now.

Action1-28 In the Direct Plot form, selepnoise jitter. SelectICC (Cycle-to-cycle
jitter). SelecPlot. The Plotting Mode ig&\ppend. Note that the integration
limits have been set to the entire frequencyeapgcified in the pnoise
choose analysis form.
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Plotting Mode Append |

Analysis

e - pnoise
-~ pnoise modulated 4 pnoise jitter
Function

| . Phase Moise . -20dBidec Line
o # Jcc

Humber of Cycles [K] 1

Signal Level 4 rms . peak-to-peak
Modifier

f# Second - Ul . ppm

Freq. Multiplier 1

Integration Limits
Start Frequency (Hz) Flﬁ .
Stop Frequency (Hz) 1“1*1

fudd To Outputs| | Plot |

The waveform window updates with the jitter caltigla.
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et RFEworkshop oscHartl
File Edit Graph Axis Trace Marker Zoom Tools Help )
SGrHEQEER S 7 u i ME [o7]Label fiMiHz rms = 20 7344
Periodic Moise Response m Pariodic Moise Response [ﬁ
— Fhase Moise; dBc/Hz, Relative Harmanic = 1 Phase Moise — =20dbfdec Line
=500 =500
leelSacond][k=11@{1K, lLOMIHz:rms = 20.734a
7504 =F5.0
N
v
\\
H 100 100 ki
FE AR Rl 5
= 5 =
) = Ty
— & it
L] 227 P
< o i
@ = \\
D 125 -125 N
N
.\\\.
~150 ~150+ g
\\
-17% T T T s T T T
10° 10% 10° 10% 107 107 10% 10° 10% 107
relative freguency (Hz) relative frecuency (Hz)
af> |graphl.labeln

MMSIM60USR2 introduces Flexible Balance for autommams circuit application. In this

release FlexBalance is supported for oscillatots@rase-noise simulation. Flexbalance
is a frequency domain technique similar to Harmdualance which solves the spectra of
each node voltage unlike the time-domain techn{gueh as shooting PSS) which solves

the waveform of each node voltage over the period.

Action1-29  You can choos8ession—Load Statén Virtuoso Analog Design
Environment load statd_abl Pnoise FB, then skip toAction1-35or ...

Action1-3Q In Analog Design Environment window, seléctalyses->Choose...

Action1-31 In the Choosing Analyses window, select pissbutton in theAnalysis

field of the window.

November 2005
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Action1-32

In the PSS analysis form, choddexible Balanceengine. Set
Fundamental Frequencyof 600 MHz. Set theNumber of Harmonics to
30 for this oscillator. Set the tstab to add addiicimme for the oscillator
to converge on its operating frequency. Click os tgesave the initial
transient results. Th@scillator button should be enabled. Keep other old

set up.

The pss analysis form looks like this:

Periodic Sieady State Analysis

Engine | Shooting W Flexible Balance

| Tones

[Name B Expr value ‘SrcId

Beat Frequency 600H Auto Calculate |

Oversample Factor

Humber of Harmonics | 30

' Accuracy Defaults (errpreset)

W conservative | moderate | liberal
Additional Time for Stabilization (istab) | 120

Save Initial Transient Results {saveinit) |no M yes

Oscillator W Oscillator node /Vout Select |
Reference node | /gad! Select
Osc Newton method | onetier | twotler

Sweep

Enabled W Options... |
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Currently, there are two Flexbalance methods implaed: onetier or twotier. They are
set by parameter "oscmethod". In onetier methwafrequency and voltage spectrum
are solved simultaneously in one single set ofineal equations. In twotier method, the
nonlinear equations are split into two sets: timeirset of nonlinear equations solves the
spectra of node voltage equation; the outer sebolinear equations solves the
oscillation frequency. Physically it is equivaléotadd a sinusoidal voltage probe to a
pinning node and adjust its frequency and amplituté it has no effect on the

oscillator. SpectreRF will automatically choose ginning node. By default, SpectreRF
runs onetier first for n iterations; if necessaryuns twotier next n iterations (n is set by
"maxperiods"). Users can also run only onetiemartier by specifying "oscmethod".
Twotier has larger convergence zone as its conaesgis slightly more robust. This
method is however slower than onetier method.

SpectreRF Flexbalance is transient-assisted. $ptetruns transient analysis (length is
specified by "tstab") and then switch to FlexBakarstable oscillation in transient
analysis can help FlexBalance to converge. It @aadhieved by:

1.) Setting an initial condition for a particulawde (for example: ic net01=5.0)

2.) Setting an initial condition for the inductafacitor in the resonator in OSC (for
example: L14 (Xtal02 netO1) inductor I=6.m ic=0)om

3.) Adding a damped current source in parallehtoresonator in OSC (for example:
Ikicker (net01 net02) isource type=sine freq=1.0&pk1m damp =1.0G

4.) Adding a voltage pulse (for example: vdd (vdd/€ource type=pulse val0=0.0
vall=3.3 rise=1n)

5.) Specifying "osclC=defaultlC" or "osclC=lineatlC
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Action1-33  Click thepnoisebutton. In the Periodic Noise Analyses form, sete
type to sources. Current SpectreRF doesn’t sugigertanalysis with
Flexible Balance engine. With Flexbalance engihe,Number of
harmonics is input parameter. Even we set the Maxiraideban=15 here,
30 sidebands are to be calculated. The form sHoaldlike this:

Ok | Cancel | Defaults Apply Heilp
Periodic Moise Analysis
FRHE Seal frommnny (M 600

sSweepiype relative . | Relative Harmonic | 1

Output Freguency Sweep Hange (Hz)

Start-Stop | start [1K . Stop | 10M

Sweep Type

s -~ Points Per Decade 1I1
Loganthmic . 4 Humber of Sieps
Add Specific Points | |
 Sidebands

Maximum sideband | |15

Output _
Positive Output Hode | /Vout Select |

voltage = E B

5 i Hegative Output Hode /Fogod! Select

Input Source

none

Hoise Type sources

sources: single sideband (35B) noise analysis

Enahled B Options... |
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Action1-34: Make sure that the Enabled button is on. Click @Kthe Choosing
Analyses form.

Now your Virtuoso Analog Design Environment lookgelthis:

B'd Virtuoso® A

Status: Ready T=27 C Simulator: spectre 4
Session Setup Analyses Variables Outpuls Simulation Results Tools

Help
Design Analyses _K':{, .

[ [1#  Type Arguments. ..o Enable s
Library RFworkshop . _ F?REFIH
___ == = Bl
Cell oscHartley Mo1LsE 15 1K 10wt 10 .. wes s}
|2 pss 30 fVout  food! ves i 4 .i.
View  schematic -lx‘ T
Design Variables Outputs [Ej =
[#  Name Value # NamesSignal /Expr Value Plot Save March \jyf
1 Fvec 5 T i
{2 ¥ omtl 6 |

o
13 ¢ war ge-12..

: Flotiing mode: i Replace . | {/_\{
L =

Action1-35 In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

As the simulation progresses, note messages sirthdation output log window that are
different from time domain pss:
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Flexible bhalance

kkdkhkkikikkk iﬂitial residuﬂl dhkdkkhkkhkhk
Resd Norm=1.68e+04 at node Q0:int b harm={30)

dkdkkAkhkkkkk itEr e 1 Fdddkkkidkdkik

Delta Horm=4.90e+00 at node net3? harm={0}
Frequency= 1.1151e+09 Hz, delta f- 6.06e-09
Resd Norm=2.30e+04 at node 00:int b  harm={30)

ke e ke e e ke ke e e ok iter = 2 EEEEEEE LT

Delta Noxrm=6.87e+00 at node net3? harm={0)
Frequency= 1.1151e+09 Hz, delta f= -2.47e+04
Resd Noxrm=3.50e+04 at node Q0:int b harm=0{30)

Action1-36: In the Virtuoso Analog Design Environment windowiposeResults—
Direct Plot—Main Form to plot the phase noise.

Action1-37 In Direct Plot Form window, choospss as the Analysis type and

configure the form as follows:

Flotting Mode Replace

Analysis

- - pss - pnoise

Function
. -~ Output Hoise .~ Input Noise
-~ Moise Figure ..~ Moise Factor
.~ HFdsh .~ Fdsh
«,~ HFieee .~ Fieee
4 Phase Moise -~ Transfer Function
Add To Outputs| | Plot |
Lﬁess_plut hutton on this form... J

Action1-38 In the Direct Plot form, click thBlot button.

Now you should get the following waveforms:
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Bl REworkshop oscHa _. 114 2005 [
File Edit Graph Axis Trace Marker Zoom Tools Help
SrECOFERE S KM Aiabet|
Periodic Moise Response m Pariodic Moise Response @
— Fhase Moise; dBc/Hz, Relative Harmanic = 1 — Phase RMoise; dBcfHz, Relative Harmaonic = 1
-50.0 60,0
=800
7504
1004
1604 o
iy iy
o o
e =
— — 120
I ™~
) I
= =
=] &
D 125 g
- 140
=150
=160+
-17% T T T -180 T T T
10° 10% 10° 10% 107 107 10% 10° 10% 107
relative freguency (Hz) relative frecuency (Hz)
l—-__l: graph2 selected: double-click to bring up attribute dialog. | =|l

FlexBalance method is a good candidate to simutéty-nonlinear oscillators with
resonators, such as LC oscillators, negative-gsaiilators, and crystal oscillators.
Shooting PSS method is a good candidate to simsiliaiagly-nonlinear non-resonator
oscillators, such as ring oscillators, relaxatignikators, or oscillators containing digital
control components.

Action1-32 Close the waveform window, the Direct Plot fornda/irtuoso Analog
Design Environment window.
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Lab2: Frequency Pushing (Swept PSS)

Frequency pushing is the variation of the VCO otfpeguency due to a change in the
power supply (Vcc). One way to measure frequenshimg is as follows.

1. Set the supply voltage (Vcc) at its nominal setang compute the VCO frequency
for different tune voltages.

2. Increase the supply voltage by a specifioant, and measure the VCO
frequency for different tune voltages afobe.

3. Decrease the supply voltage by the same amount, tiie nhominal value, and
measure the frequency for different tuneaget as before.

At a given tuning voltage, the frequency changetduge 1 volt supply voltage change
yields the frequency pushing. Frequency pushing Ioeaglifferent at different tuning

voltages.

Action2-1:

Action2-2

Action2-3

Action2-4;

Action2-5

Action2-6

If not already open, open teehematiosziew of the desigmscHartleyin
the libraryRFworkshop.

From the oscHartley schematic, start the Virtudsalog Design
Environment with thi®@ols—Analog Environment command.

You can choos8ession—Load Stateload state
“Lab2_Frequency_Pushing_PSSand skip toAction2-8or ...

In Virtuoso Analog Design Environment, chodsgalyses—Choose...

In the Choosing Analyses window, selectplssbutton in theAnalysis
field of the window.

Set up a swept PSS analysis with a Beat Frequedc¥15 G; Number of
Harmonics = 3; errpreset = moderate; tstab = 12hable the oscillator
button; set Oscillator node = /Vout; and Referemode = /gnd!; enable
the Sweep button; enter fvcc as Variable NametheeBweep Range Start
=4 and Stop = 6; set Sweep Type = linear; and NurabSteps = 10.

Your PSS analysis window should look like...
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%4 Choosing Analy: FILIO

OK | Cancel | Defaults Apply Help |

Fundamental Tones

' Name Expr Value Slgnal Sreld
Il Large .
Clearffdd Delete | Upidate From Schematic
Beat Frequenc r e
* q : 1.1156 Auto Calculate |
..~ Beat Period |
| Output harmonics
Humber of harmonics — | [

Accuracy Defaults (errpreset)
| conservative B moderate | liberal

Additional Time for Stabilization (tstab) | 1204

Save Initial Transient Results (saveinity |[no | yes

Oscillator W

Oscillator node | /Vout | Select |
Reference node | /gnd¥ Select |

Sweep W Frequency Variable? § no . - yes
Variable = ;

Variable Hame |fcc¥

dlech Dasigy Janauky

Sweep Range

¢SSP g [ s 6

.~ Center-3pan ! |
Sweep Type

- Linear .~ Step Size T

.- Loganthmic 4 Number of Steps

Add Specific Points |

LEﬂﬂth-d | .Optjuns... . J
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Action2-7: Make sure th&nabled button is active, and clicd®K in the Choosing
Analyses form.

Your Virtuoso Analog Environment will look like i

B d Virtuoso® Ana

Status: Ready T=27 € Simulator: specire 4

Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses _% .
I |14 Type Arguments. . .ooi i Enable | =
IJh rkShuP S TR = - :TRHH
Cell DSCI{ED’.‘t].E? ' 55 1.1156 3 4 [ . &5 JDE
| 1
; Tl
View  schematic e .
Design Variables Outputs DEE:: =
l#  Hame Value 3 Name/Signal fExpr Value Plot Save March |
fl focv 5 ' | f |
i2 V.ontl & o
‘3 c_wvar Be-12.. .

| Plotting mode: 1 Replace . | b_{
L =)

Action2-8 In your Analog Design Environment, Chodienulation—Netlist and
Ruor click theNetlist and Runicon to start the simulation.

Action2-9  In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action2-1Q In the Direct Plot Form, select tpesbutton, click on the Harmonic

Frequency button, and highlight the 1st harmonithéHarmonic
Frequency section. The form should look like this:
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Plotting Mode

Analy sis
4 pss
Function

I <, Voltage
.~ Povier
.~ Current. Gain
« Transconductance
.~ Compression Point
- Power Contours
< Hanmonic Frequency
-~ Power Gain Vs Pout
«,~ Node Complex mp.

Harmonic Fregquency
| 0 0

1 1.114686 - 1.11F
2 2.229376 - 2.23(
3 3.344056 - 3.34¢

Add To Outputs. |

fppend

-~ Current

.~ Woltage Gain

..~ Povirer Gain

..~ Transimpedance

- IPN Curves

..~ Reflection Contours
.~ Power fdded ETT.
-~ Comp. Vs Pout

.~ THD

Flot

Lﬁess plot button on this form...

Action2-11  Click thePlot button. The following plot will show up.
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S FEEE YA [Labet | I

Feriodic 5teach state Eesponse Fﬂ

— harm=1 freq; pss (Hz}

111554
11154
111534
111527

111514

o ]
e 1115
1.1149
111484

1.1147

1.1146'_ e e e e e P e e e e e e e e
=5 4.0 4.5 5.0 5.5 & 0
P

L L. N

Action2-12 Close the waveform window. ClicRancelon the Direct Plot form. Close
the Virtuoso Analog Design Environment window.
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Lab3: Tuning Sensitivity and Linearity (Swept PSS)

Tuning sensitivity is defined as the frequency dsaper unit of tuning voltage. Ideally
tuning sensitivity would be constant but in pragtihis is generally not the case.

1. Compute the VCO frequency for different tuning agks.

2. Plot VCO frequency measurements against tuninggeltThe slope of this
characteristic is the tuning voltage sensitivityiethyou can calculate at different
tuning voltages.

The tuning sensitivity is expressed in Hz/V.

Action3-1:

Action3-2

Action3-3

Action3-4

Action3-5

Action3-6

If not already open, In, open teehematicview of the desigmscHartley
in the libraryRFworkshop

From the oscHartley schematic, start the Virtudsalog Design
Environment with tAi@ols—Analog Environment command.

You can choos8ession—Load Statgload state
“Lab3_Sensitivity Linearity PSS and skip toAction3-8or ...

In Virtuoso Analog Design Environment, chodsealyses—Choose...

In the Choosing Analyses window, select pisebutton in theAnalysis
field of the window.

Set up a swept PSS analysis with a Beat Frequenicy15G; Number of
Harmonics = 3, errpreset = moderate, tstab = 120able the oscillator
button, set Oscillator node = /Vout, and Referamage = /gnd!. Enable
the Sweep button, enter V_cntl as Variable Namis {ghthe tuning
voltage), set the Sweep Range Start = 0 and S&set Sweep Type =
linear, and Number of Steps = 6.

Your PSS analysis window should look like...
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OK | Cancel | Defaults | Apply Help |
‘| Fundamental Tones ' e
% Name Expr Value Signal Srcld
I [ ; Large |
Clearffdd | Delete | Update From Schematic
4 Beat Freguency
I_] ¥ 1.1156 Auto Calculate |
. Beat Period
' Output hanmonics
Number of harmonics . | |3

Accuracy Defaults (errpreset)
conservative ll moderate | liberal

Additional Time for Stabilization (tstab) | 1204

Save [nitial Transient Results {saveinit) |no | yes

Oscillator B ggejiator node | /Vout, | Select |

Reference node | /gnd ! . Select |

Sweep B Frequency Variable? ¢ no . . yes

Yariahle = | P
{ Variable Hame |V_cotl

select Design Variable

Sweep Range

# Start-Stop

Start [d  stop |6
.~ Center-Span ! !
Sweep Type
4 Linear .- 3tep Size I
.~ Logarithmic # Humber of Steps

Add Specific Points

LEnameu || _Dptjuns... J
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Action3-7: Make sure th&nabled button is active, and clicd®K in the Choosing
Analyses form.

Your Virtuoso Analog Environment will look like i

% Virtuoso® Analog Design Environment (1) Sl el 4
Status: Ready

T=27 € Simulator: spectre 4

Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses v—% .
I |14 Type Arguments. . .ooi i Enable '
ATy by - . | T
CE“ DSCI{ED’.‘t].E? 5 1.115G 3 I] E CA B5 200
| i
- T
View  schematic e
Design Variables Outputs I:Ej
l#  Hame Value e Name/Signal fExpr Value Plot Save March :

Fvco 5

Yontl & o
C_var fe-12..

B0 0O |

| Plotting mode: Heplace !
= Results in ...upfrfwuﬂcshupfircufsimulatjunmscHarueyfspectrefschematjc ' bﬁ

Action3-8 In your Analog Design Environment, Chodienulation—Netlist and
Ruor click theNetlist and Runicon to start the simulation.

Action3-9  In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action3-1Q In the Direct Plot Form, select tpesbutton, click on the Harmonic

Frequency button, and highlight the 1-st harmonithe Harmonic
Frequency section. The form should look like this:
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Plotting Mode Append |

Analy sis
4 pss
Function
<, Voltage -~ Current
.~ Povier .~ Woltage Gain
.~ Current Gain ..~ Povirer Gain

- Transconductance. . Transimpedance

.~ Compression Point - IPH Curves

- Power Contours ..~ Reflection Contours
< Hanmonic Frequency .~ Power fdded ETT.
-~ Power Gain Vs Pout . - Comp. Vs Pout

-~ Hode Complex lmp. . - THD

Harmonic Fregquency
| 0 o

1 723.073M - 1.11:

2 1.446156 - 2,22
3 2.169226 - 3.344

Add To Outputs. | Flot

Lﬁess plot button on this form... J

Action3-11  Click thePlot button. The following plot will show up.
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i RFworkshop oscHartley schematic : Sep 24 18:57:03 2005 [EEH o
File Edit Graph Axis Trace Marker Zoom Tools Help _
S FEEE s ME [vLabet | |
Feriodic 5teach state Eesponse Fﬂ
— harm=1 freq; pss (Hz}
12
1.1
= 1.0—-
- 1
T
2
[ ]
9004
.EOO—-
L o e L S S S e o S e
R 1 2 3 4 5 &
Wcnth O
“ |
A

Action3-12: In the Virtuoso Analog Design Environment window)ddseTools—

Calculator.

Action3-13: In the Calculator window, highlightave, and select the sensitivity curve

in the waveform window. Choose deriv in the spetftiattion field.
Change the Plot Mode to Replace.

The calculator window should look like:
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b4 Calculator

Window Tools Memories Const Options Help
inetfusimab4/usrl/yuanzhu/workshop riworkshop/vco/simulation, oscHartley/spectre/schem...

Selection choices

(tran [Tae [Tde s [info [ noise [ |
off ) family 0 wave ® vt it{d ‘

|deriv(\-\fa\re_180) | i |
[Reowe <] bim | i, o o

| Clear | vndo || Eval | Rn average cosh

ahs hblf cross
| @ || eex || cist || Enter| lacos banduwicith dE L0
= - acash clip dB2o

| + ” 7 ” 8 ” g_-| asin compression dEm f
| = || 4 || = || G | asinh compressionvEl delay f
T [ 1 | 2 [ 8 | |l >
T o 0 =] | Fier gy [ -]

i [cadence]y

Action3-14: Click on the button on the calculator window. The following plo
represents the frequency change per unit volirahy voltage.

B4 REworkshop oscHartley sch.
File . Edit Graph Axis Trace Marker Zoom Tools Help

SEBECLEDE S 2 0HE N [Araver J|

Periodic Steacdsy state Eesponse 1]

— derifwave 1800

140

120

rd
2
=

Action3-15 Close the waveform window. ClicRancelon the Direct Plot form. Close
the Virtuoso Analog Design Environment window.
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Lab4: Power Dissipation (PSS)

Power Dissipation arises from the following sources

[ Dynamic power dissipation due to switching curreoin charging and
discharging parasitic capacitance.

] Dynamic power dissipation due to short-circuitrent when both n-channel and
p-channel transistors are momentarily on at theesame.

] Static power dissipation due to leakage curredtsarthreshold current.
VCOs suffer from trade-offs between speed, powssigation, and noise.
Typically, they drain from 1 to megawatts, m\W, ofyer.

Action4-1 If not already open, open tkehematiosziew of the desigimscHartleyin
the libraryRFworkshop

Action4-2  From the oscHartley schematic, start the VirtuAsalog Design
Environment with thi®@ols—Analog Environment command.

Action4-3 You can choos8ession—Load Stateload state
“Lab4_Power_Dissipation_PS3Sand skip toAction4-11or ...

Action4-4  In Virtuoso Analog Design Environment, chodsgalyses—Choose...

Action4-5  In the Choosing Analyses window, select pissbutton in theAnalysis
field of the window.

Action4-6  Set up a PSS analysis with a Beat Frequency E55G1Number of
Harmonics = 3; errpreset = moderate; tstab = 120able the oscillator
button; set Oscillator node = /Vout; and Referemoge = /gnd!.

Your PSS analysis window should look like...
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0K | Cancel | Defaults | Spply Help|

Fundamental Tones

'#  Name Expr value Slgnal Srcld

i Large .
ClearfAdd | Delete | Update From Schematic |
4 Beat Freguenc -
'_:I ¥ 1.1155 Auto Cafculate |

-~ Beat Period

Ouiput harmonics

Humber of harmonics . | | 3

: Accuracy Defaults (ernpreset)
| conservative B moderate | [iberal

Additional Time for Stabilization {tstab) 1204

| Save Initial Transient Results (saveinit) | no | yes

Oscillator W

Oscillator node | / Vﬂut . Select
Reference node | fandE ] Select
Sweep
Enabled M Options...

Action4-7. Make sure th&nabled button is active, and clicd®K in the Choosing
Analyses form.

To obtain the Power Dissipation, before you runRISS analysis, you must save data at
the Vcc terminal through the analog design enviremntn

Action4-8 In the Virtuoso Analog Design Environment windakpose
Outputs—To Be Saved—Select On Schematic
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Action4-9

Action4-1Q

In the schematic, select thec terminals. Theéutputs section of the
analog design environment window must displ&fycc! with the Save
column set to yes.

Press€Escwith your cursor in thescHartleyschematic window to end
the selections.

Your Virtuoso Analog Environment will look like i

fd Vvirtuoso® A

Status: Ready T=27 ¢ Simulator: spectre 4
Session Setup Analyses Variables Outputs Simulation Results Tools Help

Design Analyses v—if .

I #  Type Arguments. ..o i Enable e
b rkShuP T e e 3 s = ;TRHH
Celi oscHartley 55 1.1156 3 AVout Jfgod!  ves YL

| 1

; T+

View  schematic e
Design Variables Outputs DEE:: =

l#  Hame Value 3 Name/Signal fExpr Value Plot Save March |
fl Fvce 5 1 Ilpvee! no  yes no | ﬁf |
i2 V.ontl & o
‘3 c_wvar Be-12.. .

_ Plotting mode:  Replace . | I |

Action4-11

Action4-12

Action4-13

In your Analog Design Environment, Chodienulation—Netlist and
Rumor click theNetlist and Runicon to start the simulation.

In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

In the Direct Plot Form, select tpesbutton, click on thgpower button,
and chooseBm asModifier . The form should look like this:
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Plotting Mode Hppend |

Analysis
& pss
Function
=, Yoltage -~ Current
4 Power .~ Voltage Gain
.~ Current Gain .~ Power Gain

- Transconductance . - Transimpedance

.~ Compression Point . - IPN Curves

-~ Power Contours -~ Reflection Contours
-~ Hanmonic Frequency . - Power Added ETT.

« - Power Gain Vs Pout . - Comip. Vs Pout

=, Node Complex Imp. . - THD

Select Terminal —
Currently, only spectrum data is available
Modifier

.- Magnitude . -dB10 4 dBm

Add To Outputs | Replot |

LSEIEEt Instance Terminal on schematic... J

Action4-14  Click the positive terminal of pulse source oa fithematic. . The
following plot will show up.
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bl REworkshop o

“File Edit Graph Axis Trace Marker Zoom Tools Help _ _ |
SGr@Ell FERE YD [/Labet | |

Periodic Steady 5tate Fesponse Fﬂ

— piAOfPLLE yecl) pss dBmP

2510
1 MO0.0HE, 12 13dBm)

—150- I s o (LR T e s T e e B e e w W TR R T O B J'
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LL} . |graph1.marker0J

Power dissipation is the value that correspondeedC value in the above figure; that
is, at freq = 0.0 the power dissipation value isado -16.81 dB or 13.19 dBm.

Action4-15 Close the waveform window. ClicdRancelon the Direct Plot form. Close
the Virtuoso Analog Design Environment window. @dkeoscHartley
schematic.
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Lab5: Frequency Pulling (Swept PSS)

Frequency pulling is a measure of frequency chalugeto a non-ideal load. You
measure frequency pulling by noting the frequert@nge caused by a load having a
nominal 12 dB return loss with all possible phad&si should minimize frequency
pulling, especially in cases where power stageslase to the VCO unit and short pulses
might affect the output frequency.

Action5-1 In the Library Manager window, open teehematicziew of the design
freqgpullin the libraryRFworkshop

The following figure shows the modified Hartley @stion schematic for frequency
pull calculations.

Hartley Oscillator
(varactor—tunable, 720MHz—>1.1GHz)

~=~o0 7

R3
r=10K

Frequency Tuning: qnd
Vary V_cntl 8V->6V

An instance of a PortAdaptor is connected to tlaelId he PortAdaptor is set to have the
following properties:

Frequency = 1.115 G;

Phase of Gamma = theta;

Mag of Gamma = 0.2512

Reference Resistance = 10K (this value must d@hedbad).

Frequency pulling is the measurement of frequeheyge caused by a load having a
nominal 12 dB return loss with all possible pha3é® value of Mag of Gamma, 0.2512,
is computed from the return loss value, rl, usimg following formula:

rl =-20Log|T |
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wherer is the reflection coefficient with respect to steirmpedance .

Action5-2

Action5-3

Action5-4

Action5-5

Action5-6

From thefreqpull schematic, start the Virtuoso Analog Design
Environment with tAi@ols—Analog Environment command.

You can choos8ession—Load Stateload state
“Lab5_Frequency_Pulling_PSSand skip toAction5-8or ...

In Virtuoso Analog Design Environment, chodsealyses—Choose...

In the Choosing Analyses window, select pisebutton in theAnalysis
field of the window.

Set up a swept PSS analysis with the theta paeamarying from 0 to
359 degrees. Set Beat Frequency = 1.115G; Numb¢amwhonics = 3;
errpreset = moderate; tstab = 120n; enable thdaiscibutton; set
Oscillator node = /Vout; and Reference node = /gadable the Sweep
button; enter theta as Variable Name; set the S\Reege Start = 0 and
Stop = 359; set Sweep Type = linear; and Numb&teps = 10.

Your PSS analysis window should look like...

November 2005 46 Puatl VVersion 6.0



VCO Design Using SpectreRF

QK | Cancel | Defaults Apply Help|

Fundamental Tones

[# Name Expr Yalue Signal Srcld
I | Large - |
Clearffdd | Delets | Update From Schematic|
4 Beat Frequenc sy
I_:l g 1.1156 Auto Caiculate |
.~ Beat Period |
' Output harmonics
Humber of harmonics — | |3

Accuracy Defaults (ernpreset)
_ | conservative B moderate | liberal

Additional Time for Stabilization (tstah) §'1201i.

Save Initial Transient Results (saveinit) | no | yes

Oscillator W

Oscillator node | /net025 Select |

Reference node | /ond! | Select |

Sweep W Frequency Variable? 4 no . yes
Yariahle [

! ~ | Variable Name | thetd

Select Desjg_r_t Variahle

Sweep Range

# Start-Stop Start lj 7 Stop 355&»

-~ Center-Span !
Sweep Type

4 Linear . Step Size i

-~ Logarithimic 4 Humber of Steps

Hidd Specific Points

LEnamed B ; Dptiuns....; J
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Action5-7: Make sure th&nabled button is active, and clicd®K in the Choosing
Analyses form.

Your Virtuoso Analog Environment will look like i

Session Setup Analyses Varables Outputs Simulation Results Tools Help .
Design Analyses _% .
I |14 Type Arguments. . .ooi i Enable s}
IJh rks}]up ———— e e e — — - | FTRHH
I a0
Cell f]’.'EqP'l.'lll 1 55 1.1156 3 1] e &5 Prhss
EE
; 7+
View  schematic e .
Design Variables Outputs DEE:: =
l#  Hame Value 3 Name/Signal fExpr Value Plot Save March |
1 theta O ' ﬁf |
2 fwee 5 o
i3 V.entl &
d C_var Be-12. . " 1
[ Plotting mode: Replace | I |
tﬂesults in ...shupfrfwurkshdpNcufsimuIatjunffreqpullfspectrefschemaitjc ' J

Action5-8 In your Analog Design Environment, Chodienulation—Netlist and
Ruor click theNetlist and Runicon to start the simulation.

Action5-9  In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action5-1Q In the Direct Plot Form, select tpesbutton, click on the Harmonic

Frequency button, and highlight the 1-st harmonithe Harmonic
Frequency section. The form should look like this:
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Plotting Mode

Analy sis
4 pss
Function

I <, Voltage
.~ Povier
.~ Current. Gain
« Transconductance
.~ Compression Point
- Power Contours
< Hanmonic Frequency
-~ Power Gain Vs Pout
«,~ Node Complex mp.

Harmonic Fregquency
| 0 0

1 1.114686 - 1.11F
2 2.229376 - 2.23(
3 3.344056 - 3.34¢

Add To Outputs. |

fppend

-~ Current

.~ Woltage Gain

..~ Povirer Gain

..~ Transimpedance

- IPN Curves

..~ Reflection Contours
.~ Power fdded ETT.
-~ Comp. Vs Pout

.~ THD

Flot

Lﬁess plot button on this form...

Action5-11  Click thePlot button. The following plot will show up.
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fad REworkshop fres i
File Edit Graph Axis Trace Marker Zoom Tools Help

Sl | BEEE i iNE @Lahell I

Feriodic 5teach state Eesponse Fﬂ

— harm=1 freq; pss (Hz}

1.1158-
1.1155

1.1153

10 (GHz)

1,115
11148

11145

11143 b S S T S M e S St N e R T e e S A T e T e CER S ST
0.0 500 100 150 200 250 200 250 400
theta

L|> graphl-selected: double-click ta bring wp attribute dialog. | =|!

The peak to peak difference in the displayed fraquén the above figure gives the load
pull.

Action5-12 Close the waveform window. ClicRancelon the Direct Plot form. Close
the Virtuoso Analog Design Environment window.

Conclusion

This workshop describes some of the most usefusmreaents for VCOs. SpectreRF
measurements such as Frequency Pushing, Frequeliog PTuning Sensitivity, Power
Dissipation, and Linearity are discussed. FlexBedaais new engine is introduced and is
used by some of those measurements.
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