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LNA Design Using SpectreRF

Lower Noise Amplifier Design Measurements

The procedures described in this workshop are eelibly broad and generic. Your
specific design might require procedures that bgétsy different from those described
here.

Purpose

This workshop describes how to use SpectreRF idtiadog Design Environment to
measure parameters which are important in desigfication of Low Noise Amplifier,
or LNA. New features of MMSIM6.0USR?2 are included.

Audience

Users of SpectreRF in the Analog Design Environment

Overview

This application note describes a basic set ofrtbst useful measurements for LNAs.

Introduction to LNAS

The first stage of a receiver is typically a lowiseoamplifier (LNA), whose main
function is to set the noise boundary as well ggtwide enough gain to overcome the
noise of subsequent stages (for example, in themoixIF amplifier). Aside from
providing enough gain while adding as little nagsepossible, an LNA should
accommodate large signals without distortion, odfésirge dynamic range, and present
good matching to its input and output, which isextely important if a passive band-
select filter and image-reject filter precedes amcceeds the LNA, since the transfer
characteristics of many filters are quite sensitovéhe quality of the termination.
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LNA Design Using SpectreRF

The Design Example: A Differential LNA

The LNA measurements described in this workshogalailated using SpectreRF in the
Analog Design Environment. The design investigasdtie differential Low Noise
Amplifier shown in below:

The following table lists typically acceptable veadufor the performance metrics of LNAs
used in heterodyne architectures.

Measurement Acceptable Value
NF 2dB

IP3 -10 dBm

Gain 15dB

Input and Output Impedance 8D

Input and Output Return Los -15dB
Reverse Isolation 20 dB

Stability Factor >1
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Testbench

The following figure shows the testbench for aaféintial LNA. The baluns used in the
testbench are three-port devices. The baluns cbtihveemput single-ended signals to the
differential signals. Sometimes, they also perftinmresistance transformation.

& 1

i I
bal_p (i outoUP e o bal_n

‘ ingl
RFin single| & L3 balun RFout

s -
inm outrf? ’ pingle
bal_n H —a— I—I—{ H—‘ LT _p|

inm outm 01%]

Diff _LNA

PSP

LNA design is a compromise among power, noisealityg gain, stability, input and
output matching, and dynamic range. They are clteriaed by the design specifications
in Table in page 4.

Example Measurements Using SpectreRF

The LNA measurements described in the following lake calculated using SpectreRF
in the Analog Design Environment.

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./Ina directory
Action: Invoke toolicfb&
Action: In the CIW window, seledtools->Library Manager...
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Labl: Small Signal Gain (SP)

The S Parameter (SP) analysis is the most usaeddismall signal analysis for LNAs.
Set up an SP analysis by specifying the input artigud ports and the range of sweep
frequencies.

Action1-1  In the Library Manager window, open thahematic view of the
Diff LNA test in the libraryRFworkshop

Action1l-2  Select th?ORTrf source by placing the mouse cursor over it and
clicking the left mouse button. Then in the Virtaddchematic Editor
selectEdit—Properties—ODbjects... The Edit Object Properties window
for the port cell should come up. Set up the pavpprties as follows:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage (blank)
Source type dc

Action1-3:  Set the source type BIORT load to DC.
Actionl-4: check and save the schematic.

Actionl1-5: In the Virtuoso Schematic Editing window, sel&obls->Analog
Environment

Action1-6.  You can choos8ession—Load Statén Virtuoso Analog Design
Environment load statd_abl _sp’, then skip toAction1-10o0r ...

Actionl-7: In Analog Design Environment window, selégtalyses->Choose...

Action1-8 In the Choosing Analyses window, selectspdutton in theAnalysis
field of the window.

Action1-9  In S-Parameter Analysis window, in thorts field, click the Select
button. Then, in the Virtuoso Schematic Editing daw, in order, select
the port cellsyf (input) andload (output). Then, while the cursor is in the
schematic window, hit thESC key.

In theSweep Variablefield, selectFrequency.
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LNA Design Using SpectreRF

In the Sweep Rangdield, selectStart-Stop, setStart to 1.0 G andstop
to 4.0G, seBweep Typeto Linear, seledNumber of Stepsand set that to
50. In theDo Noisefield, selectyes setOutput port to /load andnput

port to /rf.

The form should look like this:

| DO SN alyse
OK | Cancel | Defaults| Apply Help|
Analysis -~ tran - He e AL » noise
B o SENS - ~dematch . - sth
- PZ # sp .- envip . P55
.~ pac -~ pnoise =T - PEp
- PSS - Opac ./ opnoise . - gpxT
~ AP=p
3-Parameter Analysis
Ports Select Clear
rf load
Sweep Varahle
4 Frequency
-~ Design Yariahle
-~ Temperature
- Component Parameter
-~ Model Parameter
Sweep Hange
Start-Sto r = 5
- i Start [1.06 Stop | 4.08
.~ Center-Span !
Sweep Type
A .- atep Size i
I EEar ) # Mumber of Steps —
fuld Specific Points
PO Hoise Output port #1load |
: Select
M ves L | .
I no Input port _.-"rf:r. _ Select |

LEnahled =

_Uptjuns... J
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LNA Design Using SpectreRF

Now your Virtuoso Analog Design Environment lookeelthis:

A4 Virtuoso® Analog Des . =B[x
Status: Ready T=27 C Simulator: spectre 4
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses v—KT_{, .
[ | e A EIEE e Enable | . |
Library RFworkshop * Tepe g Sl
Celi ]]iff_I.HFL_tESt 3 B sp 16 4G 50 Line. . Yes J_I_:":
s
View  schematic -lx‘-‘rr l
Design Variables Outputs [Ej =
[#  Name Value ¢ NamesSignalsExpr Value Plot Save March | |
1 &f 2.0 e
2 pef -50 '

]

L]

[+]
[ Flotting mode:  Replace . | . I [
Action1-1Q0 ChooseSimulation—Netlist and Runto start the simulation or click on

theetlist and Runicon in the Virtuoso Analog Design Environment
window.

Action1-11 In Analog Design Environment window, select
Results->Direct Plot->Main Form...
A Waveform window and a Direct Plot Form windokosld open.

Action1-12 In Direct Plot Form window, sePlotting Mode to Append. In the
Analysis field, selectsp. In theFunction field, selectGT (for Transducer
Gain). In theModifier field, selectdB10. SelectAdd to Outputs. The
form should look like
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OK | Cancel Help

Plotting Mode Append

Analysis
@ sp

Function

. 8P . ZP _¥P __HP
- GD o W3WR - - HFmin . - Gmin
..~ Bn -m <.~ HME o KI
.- B1f & GT .- GA .~ GP

~Gmax .- Gmsg - Gumx - A
.+ NC @AC . - GPC . - L3B
-~ 338

Description: Transducer Gain

Modifier

-~ Magnitude 4 dB10

Add To Outputs | Plot |

Lﬁess plot button on this form... J

Action1-13 Hit thePlot button. In thé~unction field, selectGA (for Available Power
Gain). Hit theélot button again. In thBunction field, seleciGP (for
Operating Power Gain). Hig Plot button once more. We plotted GT, GA
and GP in one waveform wivdo

Action1-14 In waveform window, click on New Subwindow. Gackéao Direct Plot
Form. SeleBimax (for maximum Transducer Power Gain), Hit fPlet
button. In thanction field, selectGmsg (for Maximum Stability Gain).
Hit thBlot button. SelecGumx (for maximum Unilateral Transducer
Power Gairtjjt the Plot button again.

Now you should get the following waveforms:
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lid REworkshop Di f_LNA test schematic : Sap 10 10:07:54 2005 ]
File Edit Graph Axis Trace Marker Ffoom Tools Help
SrnH#HEQREEBE T up i [+7Labei | !
S-Parameter Response Eﬁ S-Parameter Fesponse El
— GT dBl0 — CAdBlO — GF dBlO — Gmax dBlo — Gmsg dBlo
— Gumx dBlo
20
] 20.0
15_: _,.-r‘”ﬁw_ e ]
1 27.54
104
1 25,04
% 1 s
b =
= ] ;22 5
1 =
5 20,04
-5.07 17.54
-10-""|'"'|'"'|""|""|""|"" 15.0-""|""|""|""|""|""|""
S0 1o 15 20 25 2.0 25 40 Soo 10 15 20 25 2.0 25 4.0
freq (GHz) freq (GHz)
E graphl selected: daouble-click to bring up attribute dialog. | J

Action1-15 Close waveform window, go back to Direct Plotnfiorin the Function
field, selectGAC (Available Gain Circles). IfPlot Type, chooseZ-Smith, SweepGain
Level (dB) at Frequency 2.4GHz from 0 to 18dB with step d82

Plot Type

& Z-Smith . . ¥-Smith
Sweep _-frequency 4 Gain Level (dB)

Frequency (Hz) |2.46

Lewvel Range {(dB)

Start |0 Stop |14
Step |2
Add To Outputs| | Plot

= Press plot button on this form...
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Action1-16 Pres9lot button.
Action1-17 In waveform window, click oiNew Subwindow

Action1-18 Go back to Direct Plot Form, in Function fielélectGPC ( Power Gain
Circles). And press Plot button.

The waveforms should look like this:

[id RFEworkshop Diff LNA_
| File Edit Graph Axis Trace

SrnadFsEL ¢ [FLabel | !

Marker foom Tools Help

S=Parameter Fesponse m E
— gain="0" GAC freg=2.4e+03 l?t — gain="0"GPC freq=2.4e+ 02 |_:
— gain="2" AL freq=2.4e+03 ': — gain="2"GPC freq=2.4e+ 03 l:
— gain="4" QAL freg=2 4+ 03 I: — gain="4";GPC freq=2.4e+ 03 E.J_

rha = 1.0 ! rha = 1.0 i

'ﬂ-|> graph? selected: doukble-click 1o bring up anribute dialog. |cir|:u|ar griciso I

Action1-19 Close the waveform window, go back firect Plot Window. In
Function field, chooseKf. Hit Plot button.

Action1-2Q In Function field, choosaé81f. Hit Plot button.

You will get the Stability Curves:
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4 REworksho _LNA_test schematic : Sep 19 10:51:55 200
File Edit Graph Axis Trace Marker foom Tools Help
GrHEMNFPEEE # B IK M S—
S-Parameter Eesponse Eﬂ
— K EIB1f
iy
64
5]
4]
=
o 3
=]
2]
17 :
0] — e
BT e e T A e S S e e AT L S T [ S R AT L B
500 1.0 1.5 2.0 2.5 2.0 .5 4.0
freq (GHz)

B2 | J
Action1-21 Close the waveform window; go back irect Plot Window. In
Function field, choosd_SB (Load Stability Circles)In Plot Type, choose

Z-Smith. Specify Frequency Rage from 2G to 3G wgitep as 0.2G. Hit
Plot button.

Flot Type

4@ Z-Smith .- ¥-Smith

Frequency Range (Hz)

-

Start |24 Stop |36
Step |0.26
Add To Outputs| Plot

> Press plot button on this form...
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Action1-22 In waveform window, click oiNew Subwindow

Action1-23 Go back toDirect Plot Form, in Function field, selectSSB (Source
Stability Circles). And presBlot button.

You will get the Load Stability Circles and Sou@gbility Circle:

SrnadFsEL ¢ [FLabel | !
S=Parameter Fesponse |§|
_frEq="2G',‘EE _frEq="2.2|:",'|SB _frEq="2G",'SSB —freq="2.26";5‘5B
— freq="2.40" 158 —freg="2 &60"|5B —freq="2.40"558 — freg="2 &60"55B
freg="2. 80" 5B freg="3G" 5B — freg="2 80" 558 — freq="3C" 558

Action1-27 In the Direct Plot Form window, selectNF (Noise Figurg in the
Function field. In theModifier filed, selecdB10. Hit thePlot button.

Action1-26 In the waveform window, click oNew Subwindow
Action1-24 Close the waveform window, go back to Direct Ffotmwindow, in the
function field, and choosdNC (Noise Circles). In thePlot type field,

chooseZ-Smith. Sweep Noise Level at Frequency 2.4G Hz stariog fd
to 10 dB with step of 1 1dB.
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Description: Noise Circles

Flot Type

{4 Z-Smith .- ¥-Smith

Sweep frequency 4 Noise Level (dB)

Frequency (Hz) |2.46

Level Range (dB)

Start 1.5 Stop (2.5
Step (0.9
Add To Outputs| | Flot |

= Press plot button on this form...

Action1-25 Hit thePlot button.

You should get the following plot:

November 2005
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__V‘ RFw_n[_ksh_ B]] Nes'[' Hc: 2 }
File Edit Graph Axis Trace Marker Zoom Tools Help
S #EEHAFSEY FEHE N [Lapet | |
S-Parameter Eesponse m S-Parameter Eesponse EI
— MEdBLO — level="1.5" NI freq=2. 4+ 03 E
. — level="1 7 HC freg=2.de+03 £
3'5: — leviel="1 2% HC freg=2 . d4e+ 03 =
3 25 rho = 1.0 L
3.0
S B
) i
o ]
= 2.5+
2 25
2.0
1.?5-""|""|'"'|""|""|""|""
SO0 1o 15 20 25 30 25 40
freq (GHz)

& )

Action1-28 Close the waveform window, go back to the Difeldt Formwindow, in
the function field, and choos& SWR (Voltage standing-wave ratio). In
theModifier field, selecdB20. Press oWSWR1, thenVSWR2.

You should get the following waveforms:
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] "LNA test schi . i sap 15 1051502 - =
File Edit Graph Axis Trace Marker Zoom Tools Help
SrHEENEEE LD » i M [7|Label | !
S-Parameter Response
—%5WE 1 dB20 — VEWR 2 dBZ0
e
S0
40
=
vgo_
o
—
204
104
O T T T T T T
500 1.0 1.5 2.0 2.5 3.0 2.5 4.0
freg (GHz)
E=|> graphl selected: double-click to bring up attribute dialog: | I

Action1-29: Close the waveform window and clickncelon the Direct Plot form

November 2005 16 Puatl VVersion 6.0



LNA Design Using SpectreRF

Lab2: Large Signal Noise Simulation (PSS and Pnoise

Use the PSS and Pnoise analyses for large-sigdal@linear noise analyses, where the

circuits are linearized around the periodic stesidye operating point. (Use the Noise
and SP analyses for small-signal and linear naiséyses, where the circuits are
linearized around the DC operating point.) As tiygut power level increases, the circuit
becomes nonlinear, the harmonics are generatethamise spectrum is folded.
Therefore, you should use the PSS and Pnoise asaW#hen the input power level
remains low, the NF calculated from the Pnoise,,M&ise, and SP analyses should all
match. For most cases, LNAs work with very low inpawer level, so SP or noise
analysis is enough.

Action2-1:

Action2-2

Action2-3:

Action2-4

Action2-5

Action2-6

If not already open, open tlsehematic view of theDiff LNA test in the
library RFwor kshop

Select the®ORT(f source. Use thEdit—Properties—Objects
command to ensure that the port properties arasseéscribed below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage (blank)
Source type sine
Frequency name 1 RF
Frequency 1 frf
Amplitude 1 (dBm) prf
Frequency name 2 (blank)
Frequency 2 (blank)
Amplitude 2 (dBm) (blank)

Check and save the schematic.

From the Diff_LNA_test schematic, start the Vaso Analog Design
Environment with tAi@ols—Analog Environment command.

You can choos8ession—Load Stateload state ‘ab2_Pnoisé and skip
to Action2-15or ...

In Vituoso Analog Design Environment, chodssalyses—Choose...

November 2005 17 Puatl VVersion 6.0
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Action2-7: In the Choosing Analyses window, select pisebutton in theAnalysis
field of the window.

Action2-8&  In pss analyses window, seldaito Calculate button. This
automatically calculates either the Beat Frequemdyeat Period of the
circuit. If the circuit contains frequency divideor the input sources do
not come fromanalogLib, it might be necessary to manually calculate the
Beat Frequency (or Beat Period).

Action2-9  In theOutput Harmonics field, set the cyclic ttNumber of Harmonics
and set the number of harmonics to 3. This wibhwlus to look at, in the
frequency domain results, 3 harmonics of the Beadjuency.

Action2-1Q In theAccuracy Defaults (errpreset)field, select thenoderate button.

Your Choosing Analyses->PSS window should look.like
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Action2-11

K | Cancel | Defaults Apply

Periodic Steady State Analysis

Engine _ | Shooting _ | FAexible Balance

Fundamental Tones

% Mame Expr value Signal SrcId
1 RF frf e Large f

: i | Large .

Clear/fdd |  Delete | Update From Schematic |

# Beat Frequency

: 2,46 Auto Calculate
.~ Beat Period |

Output hammonics

Humber of hanmonics |

Accuracy Defaulls (enpreset)
| conservative Il moderate | liberal

Additional Time for Stabilization (tstab) ||

Save Initial Transient Results {saveinit) _|no | yves

| Oscillator

Sweep

i Enabled B Options...

Now that you have set up the PSS analysis. @inksein the Choosing
Analyses form. You musta@fpethe noise source and the number of
sidebands for inclusion in the summation of thalfresults. The larger
the number, the more accurate the results wjlub#@l the point where the
higher order harmonics are negligible. Spectitegiie you warning
message regarding accuracy for any maxsidebaméberiower than 7.
You specify the reference sideband as 0 for aA bEicause an LNA has
no frequency conversion form input to output. Téren should look like

this:

November 2005 19
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0K | Cancel | Defaults Apply Help |

Periodic Moise Analysis

SRS Beal frommnny (i) | 2.48

Sweeptype default | Sweep is Currently Absolute

Cutput Frequency Sweep Range (Hz})

Start-Stop — | start |16 Stop |46
Sweep Type
il ; .- atep Size 5
Linear 4 Humber of Steps

Add Specific Points

Sidebhands

Maximum sideband . | 14
Output
probe | Qutput Probe Instance #1load Select |

Input Source

port .| Input Port Source .-"rf  Select |

Reference side-hand

Enter in field . | i)

Hoise Type sources . |

sources: single sideband (S3B) noise analysis

LEnahled | | Dptjuns....; J

Action2-12 Make sure th&nabled button is active, and cliodkK in the Choosing
Analyses form.
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Action2-13 In the Virtuoso Analog Design Environment windaouble click on prf
in the field of Design Variables. Change the inpower to -20.

_Editing Design Variabl

OK | Cancel | Apply | Apply & Bun Simulation Help |

Selected Variabie Tahle of Design Variables
s prf 4 Name Value
Value (Expr) |-40 1 fef 2.46
12 prt -50)

Add | Delete | Change | Hext| Clear| Find

Cellview Variables Copy From| Copy To |

L =)

Action2-14 Click Change Click on OK to close the Editing Design Variables
window.

Your Virtuoso Analog Environment will look like téi

Status: Ready T=27 C Simulator: spectre 4
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses t—% .
: \C Ar TR Enable | | |
Library RFworkshop * Tepe Comy ol
e = il
Cell  Diff INA test | |1 pwoise 3 S e
|2 pss 2.46 2 ves LY .i.
View  schematic -lx‘-‘rr '2
Design Variables Outputs [Ej =
[  HWame Value e NamesSignal /Expr Value Plot Save March |
1 6 2.0 e .:
2 pxf -20 2
2]
[ Flotting mode: Replace | I |
Lﬂesults in ...rfwuﬁqshupﬂnafsimulatjunfDiff_LN.H._testfspectrefschem:-atj[: ' J

Action2-15 In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

November 2005 21 Puatl VVersion 6.0



LNA Design Using SpectreRF

Action2-16 In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action2-17 In the Direct Plot Form, select tpaoisebutton, and configure the form
as follows:

Plotting Mode Append
fnalysis

- pss 4 pnoise

Function
I «~ Output Moise -~ Input Hoise
4 Moise Rgure + Moise Factor
.~ HFdsh .~ Fish
-~ HFieee -~ Fiege
.~ Phase Hoise .~ Transfer Function

Currently, only freq data is availahle

Aud To Outputs, | Plot |

E = Press plot button on this form...

Help

Action2-18 Click thePlot button.

November 2005
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Sri | FEEBEE Y [7]Labet | I

Periodic Roise Fesponse Fﬂ

— noise figure

3.5+
225
3.0

2.759

dB idB)

2 54
2 25

2.0

1.?5- T e R T S T e T G S e T S S s L A e R ST
500 1.0 15 2.0 2.5 .0 B 4.0
freqg (GH2)

B —

The Waveform window displays the Noise Figure. Nkefrom Pnoise is slightly larger
than the NF from SP because at Pin = -20 dBm, M demonstrates very weak
nonlinearity and noise as other high harmonicsarsoluted.

Action2-12 Close the waveform window and cli€ancelon the Direct Plot form.
Close the Virtuoso Analog Design Environment vawd

November 2005 23 Puatl VVersion 6.0



LNA Design Using SpectreRF

Lab3: Gain Compression and Total harmonic Distortion (Swept PSS)

A PSS analysis calculates the operating power g&iat is, the ratio of power delivered
to the load divided by the power available from sbearce. This gain definition is the
same as that for GP. Therefore, the gain from P®8ld match GP when the input
power level is low and nonlinearity is weak. Aftee PSS analysis with swept input
power level, plot the output power against the tngawer level. Determine the 1 dB
compression point from the curve.

Action3-1 If not already open, open tlsehematic view of theDiff LNA test in the
library RFwor kshop

Action3-2  Select th?ORTrf source. Use thEdit—Properties—Objects
command to ensure that the port properties arasseéscribed below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage (blank)
Source type sine
Frequency name 1 RF
Frequency 1 frf
Amplitude 1 (dBm) prf

Action3-3: Check and save the schematic.

Action3-4  From the Diff_LNA_test schematic, start the Voso Analog Design
Environment with thi®@ols—Analog Environment command.

Action3-5  You can choos8ession—Load Stateload statellab3_P1dB’ and skip
to Action3-9or ...

Action3-6:  In Vituoso Analog Design Environment, chodsealyses—Choose...

Action3-7:  In the Choosing Analyses window, select pissbutton in theAnalysis
field of the window. Set up the form as follows:
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November 2005

posing Analy: f

OK | Cancel Defaulis| Apply

Fundamental Tones
[# Name Expr Value Sigmal Srcld
'2 RF frf 2.4 Large of
i Large |
Clearfdd | Delete | Update From Schematic
4 Beat Frequenc
[_:I ¥ A6 Auto Calculate M
.~ Beat Period
Output harmonics
Humber of harmonics 1q
| Accuracy Defaults {errpreset)
_ | conservative Wl moderate | liberal
Additional Time for Stabilization (istab) | ]
Save Initial Transient Results (saveinit) |[no | yes
Oscillator
il Frequency Variable? 4 no . . yes
Variable

variable Hame | prf

Select Design Variable

Sweep Range

Start-Sto e = e
v B Btart | -30 Stop | -5
-~ Center-Span { :
Swreep Type
# Linear - Btep Size BT
- Logarithmic 4 Humber of Steps ==
Add Specific Points |

LEnahled | |

Options...

25
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Action3-8  Make sure th&nabled button is on. Click o©K on the choosing
analyses form.

Now your Virtuoso Analog Design Environment willollo like:

v i
Status: Ready

T=27 € Simulator: spectre 4

Session Setup Analyses Varables Outputs Simulation Resulis Tools Help
Desigh fnalyses _% .
[ 1 s Type Argoments. oo s aree e Enable = 1
uh rks}]up e BT T ———————— = _| © TRAH
Cell Diff_I.Hﬂ_tESt i § pPsEsE 2.46 10 -30 -5 -« ¥ES L JDE i
493
; T
View  schematic N
Design Variables Outputs [:E’Ej =
[#  Mame Value e Name/Signal /Expr Yalue Plot Save March |
i & 2. 17 .:
{2 prf -50 g
Le]

Flotting mode: Replace . | [ |

E.} Results in ...rfwurkshupflna}simuIatjun!Diff_LH.ﬁ_test!spectrefschemétjc

Action3-9 In your Analog Design Environment, Chodienulation—Netlist and
Rumor click theNetlist and Runicon to start the simulation.

Action3-1Q In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action3-11 In the Direct Plot Form, select tpesbutton, and configure the form
as follows:
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Action3-12

Plotting Mode Append |

Analysis

#pss

Function

| . Voltage
-~ Powrer
.~ Current Gain
-~ Transconductance
% Compression Point

.~ Powrer Confours

-~ Hanmonic Freguency - - Power Added EfT.
.~ Power Gain Vs Pout - - Comp. Vs Pout

-~ Modde Complex lmp.

Select Port { fixed R{port) )

Format Output Power . |

Gain Compression (dB) '- I

"pri" ranges from -30

-~ Current

-~ Yoltage Gain

-~ Power Gain

.~ Transimpedance

.~ IPH Curves

.~ Reflection Contours

Yo

..~ THD

to -5

Input Power Extrapolation Point {dBm)

{Defaults to -30)

Input Referred 1dB Compression

15t Order Harmonic
| O 1] =
| |
4.86 _
7.26 I
9.66

126

2
3
4
5

Add To OQutputs |

E = Belect Port on schematic...

T gl |

[—

Select output potbad on schematic.

The P1dB plot appears in the Waveform window.
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005
Help
SrHEEfOFEE S #HK XA [F]Label | |

Periodic Steady State Eesponse Fﬂ

— COMPressionCures

10
4 -_____-'
Input Beferred 1dB Com rESSiEI_['I =-102724

Fort = "fload"

1=t Crder freg = 2.40G

—20- T T T T e T
-30 =25 =20 -15 =10 =5.0 0
prf (dBrm)
E graphl selected: double-click to bring up attribute dialog. | J

The gain at -30 dBm input power level is -14.730(-= 15.3 dBm which is a good match
for the small signal gain.

After the PSS analysis, you can observe the habsiortion of the LNA by plotting
the spectrum of any node voltage. Harmonic digtorts characterized as the ratio of the
power of the fundamental signal divided by the sairthe power at the harmonics.
Action3-13 Close the waveform window.

Action3-14 In the Direct Plot Form, select tpasbutton, and configure the form
as follows:
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Action3-15

November 2005

OK | Cancel| Help

Flotting Mode fppend

Analysis
& pss
Function
& Voltage -~ Current
.~ Povrer -~ Voltage Gain
_~ Current Gain ..~ Povrer Gain

-~ Transconductance . - Transimpedance

.~ Compression Peint . - IPH Curves

~, Power Contours -~ Reflection Contours
-~ Harmonic Frequency . - Power Added EfT.
< Power Gain Vs Pout . - Comp. Vs Pout

«,~ Hode Complex lmp. . - THD

Select et

Sweep

{4 spectrum - time

Signal Level #peak - rms

Modifier

| Magnitude .- Phase 4 dB20
.~ Real -~ Imaginary

Sid To Quiputs |

hSelect Het on schematic... J

Select outpubet RFout on schematic.
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[d REworkshop Diff LNA test sc tic. 46:11.
File Edit Graph Axis Trace Marker foom Tools Help
SO BERE Y []Label | |
Periodic Steady 5tate Eesponse
— v fEFout pri=-320; pss dBZOYpeak)
0
—50_0—-
—100—-
&= ]
1ol
L
>_ J
=150+
—200—-
-250 — — T T IEn i ‘ T — T ‘ T — T ‘
] 5.0 1o 15 20 25
freq (GHz)
=|:> graphl selected: double=click to bring up attribute dialog: | J

it is obvious that the DC and all the even moddb@abutput are suppressed because the
LNA we investigated is a differential LNA.

Action3-16 After viewing the waveforms, close waveform womd

Action3-17 In the Direct Plot Form, select tpesbutton, and choosEHD function.
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Action3-18

OK | Cancel Help

Plotting Mode Append |

Analysis
¥ pss
Function
-~ Voltage - Current
-~ Povier -~ voltage Gain
«~ Current Gain -~ Power Gain
- Transconductance . - Transimpedance
.~ Compression Point - IPN Curves
..~ Powrer Contours .~ Reflection Contours

-~ Hammonic Frequency - - Fower Added ETf.
.~ Power Gain Vs Pout - - Comp. ¥s Pout
-~ Hode Complex Imp. 4 THD

Select Het
Fundamental

2 4.86

3 7.26

4 9.66

5 126

Add To Cutputs

! » Select Het on schematic... J

Select outpubet RFout on schematic.

The THD plot appears in the Waveform window.
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-_File Edit Graph Axis Trace Marker Zoom Tools Help ———
Sl FEBE el [A]Labet | |
Periodic Steady 5tate Eesponse 7]
— ®THD w JEFout; pss
10
&0+
QGO_
=
ST
= |
B 0
2.0+
e e e e B e e B T B B A e e
=30 25 -210 -15 -1 -5.0 ]
frt O
=|:> graphl selected: double=click to bring up attribute dialog: | I

Action3-19: Close the waveform window and clickncelon the Direct Plot form
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IP3 measurements

SpectreRF offers Several ways to simulate IP3.

The first method treats one tone as a large sifpraéxamplew,, and performs a PSS
analysis on this signal. The other tone, for exanagl, is treated as a small signal and a
PAC analysis is performed based on the linear rarging systems obtained after the
PSS analysis. The IP3 point is the intercept pogttveen the power for the signaj

and the power for the signaty, — w, . Since the magnitude of this component is
075a,A’A, , it has a linear relationship with the power lesthe tonew, . Thus the

w, component can be treated as a small signalnikasssary to set the power level of
both tones the same.

The second method treats both tones as large signdluses a QPSS analysis.

Both the first and second methods are equivalerdus® of the linear dependence of the
output component's magnitud2y, — w,, on the input component's magnitudg,. The
recommended method is to use the PSS and PAC ardtysIP3 simulation because the
PSS with PAC analysis method is more efficient tteenQPSS analysis, and because the
calculated IP3 is theoretically expected to besdmae and is actually very close
numerically.

The third method uses the PSS analysis with theflezpuency set to be the
commensurate frequency of the two tones. Becagseaimmensurate frequency can be
very small, the simulation time for this method ¢envery long. This method is not
recommended.

MMSIM6.0 USR2 provides new solution to calculatgpRidP3 based on PAC or AC
simulation. It is the fastest way for IP3 calcuwati Rapid IP3 is a perturbative approach
to solve weakly nonlinear circuit based on Bornragpnation. The method does not
require explicit high order derivatives from deviobedel. All equations are formulated in
the form of RF harmonics. They can be implememtdabith time and frequency
domains.

For nonlinear system, the circuit equation canXpressed as:

Lv+F, (V)=el3

Here the first term is the linear part, the secone is the nonlinear part, anis RF
input source. Parameters introduced to keep track of order of perturdyatexpansion.

Under weakly nonlinear condition, nonlinear parsnsall compared to the linear part, so
the above equation can be solved by using Bornoxppation iteratively:

u® =v® - LR, (u(n—l))
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whereu™ is the approximation of and it accurate to the order oref)(

Since the evaluation &\ takes full nonlinear device evaluationFoind its first
derivative, no higher order derivative is needdusgllows us to carry out higher order
perturbations without modifications in current d@vmodels. Also, the dynamic range of
perturbation calculations covers only RF signdlgives the perturbative method
advantages in terms of accuracy.

Lab4: IP3 Measurement---PSS Plus PAC analysis

Action4-1:  If not already open, open tsehematic view of theDiff LNA test in the
library RFworkshop

Action4-2  Select thd?ORTf source. Use thEdit—Properties—Objects
command to ensure that the port properties arasseééscribed below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage (blank)
Source type sine
Frequency name 1 RF
Frequency 1 frf
Amplitude 1 (dBm) prf

PAC magnitude (dBm) prf

Action4-3: Check and save the schematic.

Action4-4 From the Diff_LNA_test schematic, start the Vaso Analog Design
Environment with tAi@ols—Analog Environment command.

Action4-5 You can choos8ession—Load Statgload state
“Lab4_IP3 PSSPAC_shootingand skip toAction4-12or ...

Action4-6:  In Vituoso Analog Design Environment, chodssalyses—Choose...

Action4-7:  In the Choosing Analyses window, select pissbutton in theAnalysis
field of the window and set up the form as follows
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Action4-8

November 2005

L0 SO

OK | Cancel | Defaults Apply

Fundamental Tones

[# Wame Expr value S-i.gm;]:' SrcId
2 RF fri 2.45 Large rf
H v | Large

Clearifdd | Delete | Update From Schematic |

4 Beat Frequency
-~ Beat Period

2.48 Auto Calculate

Output harnmonics

Humber of harmonics — | 4

' Accuracy Defaults (enpreset)
_ | conservative [l moderate | liberal

Additional Time for Stabilization (istah) E

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

| oscillator

LSweep

bl

Enable the Sweep button and set the sweep vatutgdlows:

0K | Cancel | Defaults | Apply

| Sweep W

Hrnahie Variable Hame |pri

Sl

I Sweep Range

# Starl-Stop

Start [-50 Stop |5
.- Center-Span ! !
Sweep Type
4 Linear .~ Step Size £
.~ Logarithmic 4 Mumber of Steps —

Add Specific Poinis

LEnamed | |

Options... |

Frequency Variable? ¢ no . yes .
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Action4-9

Action4-1Q  Set up the form as shown here:

LEnah!e_d _I

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

OK | Cancel Defaults:ﬁpply

fnalysis - -tran ~HE A ~- hoise

i .+ SENS . dematch o - sth
Pz - 5p .~ envip « P5s
4 pac -pnoise . paf - psp
.- qpss - qpac . gpnoise . - gpxf
~qpsp

Periodic AC Analysis

PSS Seal fremaminy (3 (246

sweepiype = _' Sweep is Currently Absolute

Input Frequency Sweep Range {Hz)

|single-Point []  Freq |2402.5H

Because the sweep section of the PS5 analysis is active,
enly a single point for this analysis is currently supporied.

| Sidebands
Maximum sideband . | |2

Specialized Analyses

Options...

B

Action4-11  Click Ok in the choosing Analyses form.

Your Simulation Environment should look like this:

November 2005 36

Puatl VVersion 6.0



LNA Design Using SpectreRF

L Virtupso® Al

Status: Ready T=27 € Simulator: spectre 4

Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design fnalyses _% .
T | 4 Type Arguments. ... oo iie i Enéﬁié-”QAE'i
Hikrary Klesheop b e _| FIRAN
Cell  Diff LNA test | |1 Ppac = ot el =2
|2 pss 2.46 2 =50 -5 .. yes 1{|%
View  schewatic -lx‘ Tr 2
Design Variables Outputs [E:: =
[#  Name Value il Name/Signal /Expr Value Plot Save March ¥j;ff
1 frf 2,46 i [k

{2 prf -50

| _ Plotting mode: 1) Replace . | &
L |

Action4-12  In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

Action4-13  After the simulation ends, in the Virtuoso Analdgsign Environment,
Choodgesults—Direct Plot—Main Form.

Action4-14 Chooserac and Set up the forms as follows:
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Action4-15

Plotting Mode Append |

Analysis
P55 ¥ pac
Function
' «,~ Woltage -~ Yoltage Gain
.~ Current # IPH Curves
select Port { fixed R{port) )

Circuit Input Power . - Single Point
4 Varahle Sweep ({'prf")

prf" ranges from -50 to -5

OK | Cancel Help

Input Power Extrapolation Point (dBm) | -40

freqaxis = absout

tﬂelect Port on schematic...

input Referred IP3 . | Order 3nd . |
drd Order Harmonic 1st Order Harmonic
-2 2.39756 2 |EEECEREECH:
-1 2.5M -1 2.5M

0 2.40256 0 240256

1 4.80256 1 4.80256

2 7F.20256 2 7F.20256
Add To Qutputs |

.

Seleciport load in the Diff_LNA_test schematic.

The IP3 plot appears in the Waveform window.
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B3 REworkshop Diff LN

"F-ile Edit Graph Axis Trace Marker Zoom Tools Help

SREBOFEBSE » & (Bl aber |

Periodic AC Eesponse 1]

—trace="3rd Order’;ipnCurves —trace="1st Order’;ipnCurwes

25.04

i
Input Referre 3 =-7.724448

= JdE
B-50.04
i
=
75 o] ; Faort = "fload
e = -40
ard Order freg = 2.329750
=100+ .
1=t Order freg = 2. 40250
=15 — — T — — = — — 1 — T T — —
=50 -4 -30 —20 =10 0
prt (dBr
=|:> graphl selected: double=click to bring up attribute dialog: | J

Action4-168 Click Cancel in the Direct Plot form and close thaveform window.
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Lab5: IP3 Measurement---QPSS Analysis with Shootingr Flexible
Balance Engine

Action5-1  If not already open, open tsehematic view of theDiff LNA test in the
library RFworkshop

Action5-2:  Select thd?ORT rf source. Use the Edit—Properties—Objects command
to ensure that the port properties are set asitdleddoelow:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type sine
Frequency name 1 RF
Frequency 1 frf
Amplitude 1 (dBm) prf
Frequency name 2 RF2
Frequency 2 frf+2.5M
Amplitude 2 (dBm) prf

Action5-3: Check and save the schematic.

Action5-4 From the Diff_LNA_test schematic, start the Vaso Analog Design
Environment with tAi@ols—Analog Environment command.

Action5-5 You can choos8ession—Load Statgload state
“Lab5_IP3 QPSS_shootingand skip toAction5-9or ...

Action5-6 In Vituoso Analog Design Environment, chodssalyses—Choose...

Action5-7: In the Choosing Analyses window, select gpssbutton in theAnalysis
field of the window and set the form as follows:
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OK | Cancel | Defaults Apply

Quasi-Periodic Steady State Analysis

Engine | Shooting | Flexible Balance

Fundamental Tones

# Name Expr Value Sigmal Srcld I-[arrns':
12 RF frf 2.46 Large rf 3
3 RF2 frfe2 . 5M 240256 Moderate rf 3
'RF [fef (248 Large | [ef |4
Clearffdd Delete | Update From Schematic

| Harmonics Default _ |

evenfoddfall {for each mod. tone} or blank

' Accuracy Defaults {ernpreset)
_ | censervative Il moderate | liberal

Additional Time for Stabilization {istab)
Save Initial Transient Results {saveinit) |no | yes

Sweep |

Enabled H _Dptjuns...
L T |

Action5-8  Make sure th&nabled button is on. In the Choosing Analyses window,
hit th@K button.

Now your Virtuoso Analog Design Environment willollo like:
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L d Virtuoso® Analog | gn: o Hinen| [
Status: Ready T=27 ¢ Simulator: spectre 4
Session Setup Analyses Variables Outpuls Simulation Results Tools

Help
Design Analyses _K':{, .

(i & Ar S e Enabl 1
Library RFworkshop * Tepe e ol
Cell  Diff INA test | DEEETER RF___RF2__3 es i

]

View schematic -lx‘ Tr l

Design Variables Outputs [:Ej =

[#  Name Value ¥  NameySignalyExpr Value Plot Save March | |
1 fef 248 el
{2 pef -40

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

Action5-9  In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

Action5-1Q In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action5-11  In the Direct Plot Form, select tiqpssbutton, and configure the form
as follows:
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Flotting Mode

Analysis
# gpss

Function

| . Voltage
.~ Power
_~ Current Gain
« Transconductance
.~ Compression Point
-~ Power Contours
-~ Power Added Eff.
.« Comp. Vs Pout

-~ Current

. Yoltage Gain

-~ Power Gain

~ Transimpedance

# IPH Curves

.~ Reflection Contours
-~ Power Gain Vs Pout
.~ Hode Complex Imp.

Action5-12

sefect Port ( fixed R(port)

Single Point Input Power Value {(dBm) ~-40
Input Referred IP3 Order 3rd . |
Freq. (Hz) RF RF2 1
2.3956 3 a 1[I
3rd | 2.3975G 2 -1
2.4G6 1 1} =
Order | 5 40258 0 1
Harmonic 2.4056 =1 ;
_ 2.4075G -2 3 {5
[ 2.4025¢ 1 it
Ist [ 2. 4056 -1 2
2.4075G -2 3
Order
: 4.79756 23 -1
Hanmonic 4.8c o 0
4. 80256 1 1
Add To Outputs | Replot

i = Aelect Port on schematic...

Select output potbad on schematic.

The IP3 plot shows in the waveform window.
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% 1= | % %

IFEEE 2 [Z]Labe | I
Juasi-Periodic Steady State Eesponse Fﬁ

—trace="3rd Order’;ipnCurves —trace="1st Order’;ipnCurwes
—trace="|P3";ipnCurves

20.01

-7.790Er: 7. S4cBr,

] dB/dE
o —40. 0
>_ B
1 Port = "/load"
~60.0 .
ard Order freg = 239750
'80-0‘_;9 = 40 Input Referred IP2 = —?.l?9084
—100-' T D e o L D D T T T T T T e T T e T s T T
40 35 -30 -25 -20 -15 -10 5.0
X0 0

i =

Action5-13

Close the waveform window. Click on Cancel on Eheect Plot form.

We are going to simulate the IP3 with Flexible Bakaengine and compare its results
with Shooting engine.

Action5-14

Action5-15:

Action5-16:

Action5-17

Action5-18

Action5-19

You can choos8ession—Load Stateload statelab5 IP3_QPSS_FB
and skip toAction5-21or ...

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

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

In Engine filed, choosd-lexible Balance

In field of Function Tones, choose RF. ChangeMiagharms to 10,
because Flexible balance need more harmonicscalatd. Click Update.

Put10nin the field ofAdditional Time for Stabilization (stab).
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The form should look like this:

oosing Analyses = Vittug

0K | Cancel| Defaults| Apply Help|
Analysis - - tran o e AL .- hoise

S L~ SEns . ~dematch - - sth

- P2 B - Bnvip .- i8S

. pac -+ prnise -t o PSP

& gpss - gpac .- gpnoise .- gpxf

~ APsp

Quasi- Periodic Steady State Analysis

Engine | Shooting M Flexible Balance

: Tones
‘Name Expr  Value SrcId Maxharms Oversample Tstab

IRF frf 246 rf 10 1 ves |

'RFZ  frf:2.5M 24025 rf 3 1 —
w0 @ @ (14 (X yes |
Update |

Accuracy Defaults (enpreset)
| conservative Bl moderate | liberal

fdditional Time for Stabilization (istab) 10

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

' Sweep |

LEnahled | | _Q!]ﬁuns... _ J

Action5-2Q  Make sure th&nabled button is on. In the Choosing Analyses window,
hit th@K button.
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Note: Harmonic balance engine shares the same PSS/Q&88ient with time-domain
engine. A toggle button is available for user tatswbetween time domain shooting and
HB in ADE PSS and QPSS set up form. When settingB@QPSS/PSS analyses, the
following parameter should pay attention to:

1. Maximum harmonic: Maximum harmonic (iarms” in PSS and fhaxharms” in
QPSS) has the most impact on HB accuracy. Wherequade harmonics are used,
spectrum outside ahaxharm will be folded back into harmonics inside by alrasi
effect and cause error. To obtain accurate resnfigharm should be big enough to
cover the signal bandwidth.

Parameterreltol” or “errpreset” also determines the simulation accuracy. HB tises
same convergence criteria as the shooting method.

2.tstab: Similar to time domain shooting methdstab is a valid parameter for initial
transient analysis in HB. The defatdtab for both PSS and QPSS is one cycle of signal
period. For QPSS analysis, user can choose théisgene during tstab period and only
one tone is allowed. One additional cycle is runABT. Iftstab is set to 0, dc results

will be used as initial condition for HB.

3: Oversample Factor: In general oversampling is not needed. For exéhgmonlinear
circuits driven by sources at very high power leitahight help with convergence.

Now your Virtuoso Analog Design Environment willolo like:

Status: Ready T-27 ¢ Simulator: spectre 5
Session Setup Analyses Variables Outputs Simulation Results Tools

Design Analyses
Library RFworkshop
Cell  Diff INA test | 1 PSS RE.  “REZ. 10 3 ¥es

Yiewr schematic

b R B E B 2173
'—<=l¢'ﬁ%'ﬁ. T
e ES] ==

Design Variables Outputs I:E"
l#  Hame Value e Name/Signal fExpr Value Plot Save March
1 fef 2.46

2 prf -40
@

[ Plotting mode: Heplace I
Lﬂesults in ...rfwuﬁcshupﬂnafsimulatjunfDiff_LNH_testfspectrefschematj[: ' J
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Action5-21  In your Analog Design Environment, Chod&ienulation—Netlist and
Rumor click theNetlist and Runicon to start the simulation.

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

gpss: tiwe = 10.82 ns {(97.6 %), step = 4.167 ps {1 %)

Flexihle balance

khkFxkhhkhkk initial rESiduﬂl hhkkkhkAhkhki
Resd Norm=7.03e+03 at node BFin harm=(0 1}

e e e e e de e e e ke iter = 1 o e e e gk e e vk ok e

Delta Morw=1.41e+03 at node I9:bal n bal »n int flow harm=0{0 1}
Resd Norm=4.74e-01 at node BFin harm=(0 1}

e 2o e e e de e e e iter = 2 EEEEE L R L

Delta Morm=2.79e+03 at node vZ:p harwm=(1 1}
Resd Norm=1.22e-03 at node BFin hamm=(0 1}

e e e e e de e e e ke iter = 3 o e e e gk e e gk ok e

Delta Morw=2.07e+00 at node ¥Z:p harm=(1 13
Resd Norm=2.52e-05 at node IB.L22 nl harm=(8 0)

EEEEEEE T L E iter = 4 EEEEEEE LT

Delta Mormw=3.66e-01 at node ¥Z:p harwm=(1 13
Resd Norm=2.6le-05 at node IB.L22. nl harwm=(8 0)

LR time=0 =

Total tiwe required for gpss analysis “gpss' was 980 ns.

Action5-22  In the Virtuoso Analog Design Environment, ChoBs&sults—Direct
Plot—Main Form

Action5-23 In the Direct Plot Form, select tiqpssbutton. The form will the same as
the one using shooting engine.

Action5-24  Select output pofbad on schematic.

The results are plotted in the Wavescan window.
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L H.
Zoom Tools Help

SE#HE FRBY ¥ N [»ALabet |
Guasi-Periodic Steachy State Eesponse [ﬂ
—trace="3rd Order:ipnCumes — trace="151 OrderipnCures
— trace="IF3"iphCurves
200 i
1 -7.81dBrm: 7 5 1dBm
] dBfdB
o =i 0
>_ 4
o Fort = "fload"
-60.04 :
ard Order freg = 239750
'80-0‘_;9 = =40 Input Referred [P3 = -7,81041
—100-' Tl B U Tl U T i T
=40 =35 -30 —25 =20 =15 =10 =50
B0 G

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

-

Note: Flexible Balance is new feature of MMSIM6.RIS Flexible balance

complements shooting method. It provides efficeamd robust simulation for linear and

weakly nonlinear circuits.

HB method is very efficient in simulating weaklymimear circuits such as LNA. Only a

few harmonics are needed to represent accuratelyaiution. For highly nonlinear

circuits with sharply raising/falling signals, tindemain shooting is considered more
suitable. However, HB may still has an advantagerwéxploring design trade-offs using

a few harmonics where accuracy is not of primaryceon.

Action5-25  After viewing the waveforms, close the wavefommdow and click
Cancelin the Direct Plot form.
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Lab6: IP3 Measurement---Rapid IP3 using AC analysis

Action6-1  If not already open, open tsehematic view of theDiff LNA test in the
library RFworkshop

Action6-2  Select thd?ORTf source. Use the Edit—Properties—Objects command
to ensure that the port properties are set asitdeddoelow:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage (blank)
Source type dc

Action6-3  Click ok on the Edit Object Properties window to close it.
Action6-4  Check and save the schematic.

Action6-5  From the Diff_LNA_test schematic, start the Voso Analog Design
Environment with thi®ols—Analog Environment command.

Action6-6  You can choos8ession—Load Stateload statellab6_RapidlP3_AC”
and skip toAction6-10o0r ...

Action6-7:  In Vituoso Analog Design Environment, chodsealyses—Choose...

Action6-8  In the Choosing Analyses window, selectaledutton in theAnalysis

field of the window. Choose Rapid IP3 as Specidlizaealyses. Set the
Input Source 1 to /rf by select PORT rf on theesohtic. Push the ESC
key on your keyboard to terminate the selectiorc@ss. Set the Freq of
source 1 to 2.4G and Freq of Source 2 to 2.40286Gth® Frequency of
IM Output Signal as 2.3975G and the frequency okhr Output Signal
as 2.0425G. If the Maximum Non-linear Harmoniceas specified, the
default value is 4. The form should look like:
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0K | Cancel | Defaults Apply
I - - “AC Analysis

Sweep Variable

# Frequency

-~ Design Variahle

.~ Temperature

-~ Compohent Parameter
.~ Model Parameter

' Sweep Range

# Start-Stop

Start [2.46 Swp | 2.40256
Center-Span ! !
hot

Sweep Type

Automatic

Ardd Specific Points

' Specialized Analyses
Rapid 1P3

Source Type . isource ., vsource 4 port

Input Sources 1 | /x Select | Freq|2.46

Input Sources 2 ,.rrf . Select | Freq :.-4025'9{
input Power (dBm)  -40

Freguency of IM Output Signal . .-.éﬁ.?h'i.

Frequency of Linear Output Signal | . 40256

Maximum Hon-linear Harmonics 5

Output 4 Voltage Out+ J'RFU'-‘-'-': . Select |
-~ Current Y '
Out- | Agnd! Select

Enabled M Options... |
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Action6-9 Make sure th&nabled button is on. In the Choosing Analyses window,

hit th&K button.

Now your Virtuoso Analog Design Environment willlk like:

Status: Ready T=27 € Simulator: spectre . 4

Session Setup Analyses Variables Outputs Simulation Results Tools

Help
Design fnalyses ‘-% .

' (% Ar B Enabl
Library RFworkshop *o TEpe e S|
Cell Diff_LHﬂ_tESt 1 ac 2.46 2.4026 Anmto.. Star ¥ESs J__
L =
View  schematic -Ix‘ = l
Design Variables Outputs [:E:: '
[#  Name Value e Name/Signal /Expr Yalue Plot Save March \j??:l
1 prf -50 flee=—:
2 frf 2.4
(2]
[ Flotting mode: Replace it
Lﬂesults in ...riworkshopAnassimulation/Diff_LMA_testispectrefschematic ' V_\KJ

Action6-1Q In your Analog Design Environment, Chod&ienulation—Netlist and
Ruror click theNetlist and Runicon to start the simulation.

As the simulation progresses, note messages sirthdation output log window that are

similar to the following:

EEEEEEEE BT BT

IP3 measurement ~ac'
EEEEEEEEEEE LT LT E T
Imput RF1 freq = 2.400000e+09 Hz
Imput RF2 freq = 2.402500e+03 Hz
Output Ml freq = 2.402500e+09 Hz
Output IM3 freq = 2.397500e+09 Hz

Linear output:
fout = fin 2

IM3 omtpumt:

fm3 =2 *finl - £ in 2

Acowmlated DC osolution tiwe = 0 =.

Intrinsic ac analysis time = 20 ms.

Total time required for ac analysis "ac' was 20 ms.

Action6-11 In the Virtuoso Analog Design Environment, ChoBs&sults—Direct
Plot—Main Form
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Action6-12

function field.

Action6-13

OK | Cancel

Plotting Mode Append

Analysis
4 ac
Function

| <~ Woltage . - Current
4 Rapid IP3

=

Resistance (Default is 50.)

Add To Outputs | Plot

i = PI"ESS_ pll]t button on this form...

Help

In the Direct Plot Form, select the button. Choose Rapid IP3 in the

J

Click Plot button to get IP3 calculation results

AL Response

— trace="3rd Order'; AC Eapid IF2 Eesults — trace="1st Order"; AC Eapid IFZ Eesults
—trace="IP2";AC Eapid IP2 Eesults

20.0q

_7.80dBm:7.52dBm,

E ] B /B
T-40.01
= ]
—
50,01
-80.01
~1004 . ; : ; . .
-40 -35 -30 -25 -20 -15 -10
X0 (dBrm)

=50

Action6-14  After viewing the waveforms, clickancelin the Direct Plot form.
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Lab7: IP3 Measurement ---Rapid IP3 using PSS PlusAC Analysis

Action7-1:

Action7-2:

Action7-3

Action7-4

Action7-5

Action7-6

Action7-7:

Action7-8

If not already open, open tisehematic view of theDiff LNA testin the
library RFworkshop

Select thd?ORT rf source. Use the Edit—Properties—Objects command
to ensure that the port properties are set asitdleddoelow:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage (blank)
Source type dc

Click ok on the Edit Object Properties window to close it.
Check and save the schematic.

From the Diff_LNA_test schematic, start the Vaso Analog Design
Environment with the Toolgwalog Environment command.

You can choos8ession—Load Stateload state
“Lab7_RapidIP3_PAC’ and skip toAction7-12or ...

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

In the Choosing Analyses window, selectplssbutton in theAnalysis
field of the window and set the form as follows:
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0K | Cancel | Defaults Apply Help |

Periodic Steady State Analysis

Engine B Shooting | Flexzible Balance

Fundamental Tones

' Nane Expr Value Slgnal Srcld
I Large . |
Ceariddd | Delete | Update From Schematic |
# Beat Freguenc -
I_:I ¥ 2.41¢ Auto Calculate |
-~ Beat Period
Output hanmonics
Mumber of harmonics . | |5

: Accuracy Defaults (errpreset)
| conservative B moderate | liberal

Additional Time for Stabilization (istab) |

| Sawve Initial Transient Results (saveinit) |(no | ves

Oscillator

Sweep

Enabled M Options... || -

5 i |

Action7-9.  Make sure th&nabled button is on. In the Choosing Analyses window,
hit thapply button.

Action7-1Q In the Choosing Analyses window, select plae button in theAnalysis
field of the window. Choose Rapid IP3 as Specidliaealyses. Set the
Input Source 1 to /rf by select PORT rf on theesohtic. Push the ESC
key on your keyboard to terminate the selectiorc@ss. Set the Freq of
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source 1 to 2.4G and Freq of Source 2 to 2.40286Gth® Frequency of

IM Output Signal as 2.3975G and the frequency okhr Output Signal

as 2.0425G. . If the Maximum Non-linear Harmonggot specified, the
default value is 4. The form should look like:

"3 Choosing Analyses fuit]e

Ok | Cancel | Defaults| Apply Help|

Periodic AC Analysis

PNE Heal framuenny iy | 2.416

Sweeptype default _I Sweep is Currently Absolute
Input Frequency Sweep Range (Hz)

Start-Stop | start [2.48 | s | 2.40258
Sweep Type

futomatic — |

Auld Specific Points

| Sidebands

Maximum sideband . |

Specialized Analyses

i) LUlRLIES
Source Type . jsource . wsource - port
Input Sources 1 '..fril _Select | Freq .2'4"§'
Input Sources 2 .-"I'f . L Select Freg -40‘2—5.'.3;

Input Power (dBm) |-40
Frequency of IM Output Signal | . 39758

Freguency of Linear Cutput Signal . -;1-095-[.{.

Maximum Hon-linear Harmonics |5

Output 4 Voitage Outs !RFUU'E . Select
Out- | Agndl Select |

Enabled W Options... |
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Note: Incommensurate frequencies should be used fooradls. If multiple
combinations of tone frequencies makelequency of Linear Output Sgnal or
Frequency of IM output Sgnal, Spectre will complain because it can't figure whtch
one user wants to use as IM1 or IM3.

If output is current in a port, user must use #a€’ statement to indicate that the
port current needs to be computed. Otherwise, &peain’t calculate it.

Action7-11  Make sure th&nabled button is on. In the Choosing Analyses window,
hit th@&K button.

Now your Virtuoso Analog Design Environment willollo like:

Status: Ready

T=27 C Simulator: specire 4
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses _% .
[ # Ar e Enable | __
Library RFworkshop * Tepe Come ol
-7 |2 pss 2.418 5 ves L .i.
View  schematic -lx‘ T
Design Variables Outputs [Ej '
[+ Hame Value NamesSignal /Expr value Plot Save March

Flotiing mode:

Replace

Action7-12

In your Analog Design Environment, Chod&ienulation—Netlist and

Rumr click theNetlist and Runicon to start the simulation.

As the simulation progresses, note messages sirthdation output log window that are

similar to the following:
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kbbb kkkk

IP3 measurement ~pac'
e e ohe e 2k ohe e e ke e e 2k ok ok vk v ke 2k vk ok ok
Imput RF1 freq = 2.400000e+09 Hz
Input BFZ2 freq = 2.402500e+09 Hz
Output IML freq = 2.402500e+09 Hz
Output M3 freq = 2.397500e+09 Hz

Using the operating-point information generated by PS5 analysis “pss'.
Linear output:
foat = £in 2 - 0 * fimdawental

IM3 output:
fM2 =2 *finl-fin?2 -0 *fmdamental
Total time requived for pac analysis "pac' was 3.4 s.

Action7-13 In the Virtuoso Analog Design Environment, ChoBs&sults—Direct
Plot—Main Form

Action7-14 In the Direct Plot Form, select tpasbutton, and configure the form
as follows:

Action7-15  Select output pofbad on schematic.

Periodic AC Fesponse rﬂ

— trace="3rd Order’;PAL Eapid IPZ Eesults: —trace="1st Order’;FAC Rapid IPZ Eesuls
— trace="|P3":PAC Rapid IPZ Fesults

200 i
] -7.81dBm: 7 >2Bm

B /cB

T e e L T ] o e e 7 Bt o Tt
=40 =35 =30 =25 =20 =15 =10 =5.0
HO(eBrm)

Action7-16  After viewing the waveforms, close the wavefomndow. Click Cancel
in the Direct Plot form
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Conclusion

This application note discusses LNA testbench séiNg design parameters, and how
to use SpectreRF to simulate an LNA and extraagdgsarameters. Some useful
SpectreRF analysis tools for LNA design, such asPSS, Pnoise, PAC and QPSS
analyses are addressed. The results from the asalys interpreted.
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