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Mixer Design Measurements

The procedures described in this workshop are @l@ibly broad and generic. Your
specific design might require procedures that bgéatsy different from those described
here.

Purpose

This workshop describes how to use SpectreRF idtiadog Design Environment to
measure parameters which are important in desighication of mixers. New features of
MMSIM6.0USR2 are included.

Audience

Users of SpectreRF in the Analog Design Environment

Overview

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

Introduction to Mixers

Mixers are key components in both receivers antstraiters. Mixers translate signals
from one frequency band to another. The outpuh®iixer consists of multiple images
of the mixers input signal where each image igatiitip or down by multiples of the
local oscillator (LO) frequency. The most importamker output signals are usually the
signals translated up and down by one LO frequency.

In an ideal situation, the mixer output would besaact replica of the input signal. In

reality mixer output is distorted due to non-lingam the mixer. In addition, the mixer
components and a non-ideal LO signal introduce morge to the output. Bad design
might also cause leakage effects, complicatingldsegn of the complete system.

Noise performance and rejection of out-of-bandrfeters are both critical to the receiver

system because they both limit the receiver systeanisitivity. Linearity is important to
transmitter performance, where you want an erree-tutput signal.
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The Design Example: A Differential Input Mixer

The mixer measurements described in this worksh®galculated using SpectreRF in

the Analog Design Environment. The design investidas the differential input mixer
shown in below:

VDDA
voDA1 [P
C3 R1 R2 C2
OUTP
o P our
OUTN
P ourn
LOP
Lor P -{ ]
LON T
LON [P
RF
S 4 -
[
=
O

The example circuit, a single balanced differerdmlvn-converting mixer, runs with a
local oscillator at f(LO) = 5 GHz. The range ofargst is baseband output noise from 1
kHz to 10 MHz. The RF signal frequency used fordimeulation is around 5001 MHz.
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Testbench

Use the mixer measurements testbench shown in lelaveasure typical mixer
characteristics. Use a PORT component and matcedarnze for each of the inputs and
the output.

VDDA1

121 é
bplun i DPNC _Lop S

VbiasLO

] To supply a LO input to the mixer, use a port (HQRwith a matching resistor
and transfer the single-ended signal into the fféal with an ideal passband
balun.

] To represent the RF input to the mixer, use a (@R TO) which is matched with
the mixer input.

] To use the differential output for measurementtcimthe output port (PORT3)
to the output impedance of the mixer.

Simulate the resulting testbench as follows

[ Set the LO bias voltage to 1.5 V and the mixepsupf 2.5 V.

[ Set the LO port to sinusoidal source for all theasurements described in this
workshop.
[ Set the RF port to either dc or sinusoidal soutepending on the requirements

of each measurement. The RF port has a dc bias &f.0

] For both LO and RF ports, the amplitude and fregyef the signal are
parameterized as plo, prf and frf. You usually gyebe amplitude in dBm. In
addition, for the RF port specify the small sigpatameter PAC Magnitude. Use
pacmag or pacdbm, depending on the units you prefer

[ Set the Output Port to dc with no bias.
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Example Measurements Using SpectreRF

The Mixer measurements described in the followalgslare 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./mixer directory
Action: Invoke toolicfb&
Action: In the CIW window, selecfools->Library Manager...

Labl: Voltage Conversion Gain Versus LO Signal PowgSwept PSS with PAC)

A mixer's frequency converting action is charaeediby conversion gain or loss.
The voltage conversion gain is the ratio of the RM&ages of the IF and RF signals.
The power conversion gain is the ratio of the podedivered to the load and the
available RF input power.

When the mixer's input impedance and load impedare®&oth equal to the source
impedance, the power and voltage conversion gairiecibels, are the same. Note that
when you load a mixer with a high impedance filteis condition is not satisfied.

You can calculate the voltage convergence gaiwaways:

] Using a small-signal analysis, like PSS with PA®¥F. The PSS with PAC or
PXF analyses supply the small-signal gain infororatlyou can use either PAC
or PXF analysis to compute the voltage gain.

] Using a two-tone large-signal QPSS analysis whsahare time-consuming.
The power convergence gain, in general, requirasytbu run the two-tone large-
signal QPSS analysis.

This example measures the variation of conversan gith the power of the LO signal.

Action 1-1  In the Library Manager window, open teehematicziew of the
mixer_testbencHesign in the librariRFWorkshop

Action 1-2  Select thd?ORTO source by placing the mouse cursor over it arakiclg
the left mouse button. Thethe Virtuoso Schematic Editor select
Edit—Properties—Objects... The Edit Object Properties window for the
port cell should come up...
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| Ok | Cam:el! Apply | Defaults! Previuus| Next! Help
= ' - - —
Ii Apply To only current . | instance . | b
Show _|system B user B CDF
Brovsse | Reset Instance Labels Display |
Property Value Display
Library Hame | analogLili off
Cell Name port off |
View Hame |5¥1“h01 off
Instance Hame |P“RT'I. SOIE
Add | Delete Modify |
User Property Master Value Local Value Display
Ivslgnore |TRIIE~ } off . |
CDF Parameter Value Display
Resistance 55“ Obms both
Reactance 'r off —
Port number il _off =
DC voltage 500.0n ¥ off |
Source type dc off . |
Display small signal params _off
PAC Magnitude pacnaq v off — | [—|
PAC Magnitade Gty | off - |
PAC phase ', off —
AC Magnitude . off
AC phase : Coff -
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Action1-3  Click ok on the Edit Object Properties window to clos&élect
PORT1 and show properties:

OK | Cancel| Apply | Defaults Frevious Mext Help |
ppplyTo  only cument | instance | "
| Show | system B user W CDF
[ Browse Reset Instance Labhels Display

Pm;_]erty N Value - Display
Library Name Ifmalﬂglili off |
Cell Hame port, ot o
View Hame syrbok off . |
Instance Hame PDRTl | off e
| Add | Delete | Modify :
User Property Master ‘I.I’élue - Lu-::al ‘I.I’alue Display
Ivslgnore TRUE | r . off .
CDF Parameter Value Display
| Resistance 5“ Ohung, both _ |
| Port number 3 off _ |
| DC voltage off = |
Source type sine | e =
Frequency name 1 FL'j off
Freguency 1 ﬂﬂ Hz, both [
Aarpilaain 3 fVpky off — |
Amplitude 1 {dBm) pld both |
Phase for Sinusoid 1 off |
Sine DC level off |
Delay time off . |
: Display second sinusoid il off |
| Display modulation params = off
| Display small signal params | off |
| Display temperature params | off — |
| Display noise parameters =] off |
| Multiplier off |
| Humber of FM Flles & none . one - two off ._._f [
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Actionl-4 Make sure PORT3 is set to DC type.

OK | Cancel | Apply Defaults: Frevious Next| Help.
pplyTo  only current . | instance | "
| Show | system M user M CDF

Browse Reset Instance Labels Display
PI"D[-]El't‘y" N Value -I Display
Library Hame | analogLil off - |
cell Hame port off
View Hame symbol off — |
Instance Name :P“RT;;.{ - off |
pdd | Delete |  Hodify i
User Property - Master '!.I’élue. - Lu-::al '!.Falue Display
Ivslgnore TRUE i r e o
CDF Parameter Value Display
| Resistance EK Obng, both __.__'
| Port number ﬁ off |
DC voltage off |
Source type dc | BT =)
| Display small signal params | off —
| Display temperature params | off |
| Display noise parameters M| off — |
| Multiplier off
| Humber of FM Files 4 none . one - two off _

Action1-5: Check and save the schematic.

Actionl-6 From the Mixer_testbench schematic, start théudso Analog Design
Environment with tAi@ols—Analog Environmentcommand.
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Actionl1-7 You can choos8ession—Load Stateload state
“Labl_VCGvsLO_PSSPAC and skip toActionl-12or ...

Action1-8:  In Vituoso Analog Design Environment, chodsealyses—Choose...

Action1-9  In the Choosing Analyses window, select pissbutton in theAnalysis
field of the window. Set the fundanartequency parameter, flo =5
GHz. Set errpreset = moder@tick Sweep and enter plo as the Variable
Name parameter to sweep b@qy. Click Sweep Range and set Start =
-10 dBm and Stop = 20 dBm. This sweeps LO powenfaosmall value
to a value above the expected gain saturationfdrne should look this:
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Action1-10:

id choosing A aly: firi

OK | Cancel | Defaults| Apply
Perodic Steady State Analysis

Engine | Bhooting | Flexible Balance

Fundamental Tones

[ Accuracy Defaults (errpreset}
| conservative Ml moderate | liberal

Additional Time for Stabilization (tstab) | 1204

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

| oscillator

Sweep H Fregquency Variable? 4 no

Variahle == ==
Variahle Hame plo.

=elcctDosignitanidhle

[ Sweep Range

# Start-Stop

Start [-107 . stop |20
-~ Center-Span |

Sweep Type

E Add Specific Points

# HName Expr value Slgnal SrcTd
2 FLO flo Se Large PORT1
Iz ' Large .
Clearffuld Delete | Update From Schematic |
4 Beal Freguenc
'_:I ¥ 56 Auto Calculate
-~ Beat Period
- Output hammonics
Humber of harmonics . | |3

o YES

g " o s
-~ Logarthmic < Humber of Steps

ig

In the Choosing Analyses window, selectplae button in theAnalysis

field of the windowSet fixed input frequency point to the RF signal
frequency, 5001 MHz. Seladebands either by specifying Maximum
sidebands = 2 or using &di®m range. Set the maximum sideband to 2
as you are only interestethe first harmonics of LO. The form should

look like:

November 2005 11
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OK | Cancel| Defaults| Apply Help |
Analysis -~ tran - e < AC - holse

P B - SENS « - demateh < - sth

o Pz .~ 3 - Envip .- 55

4 pac - pnoise . pxf - psp

. pss - gpac - gpnoise .- gpxf

. Qpsp

Periodic AC Analysis

SRS el Cronmenny (Hpy 9B

Sweeptype = | Sweep is Currently Absolute

Input Fregquency Sweep Range (Hz)

S:mgle—Pn:mt 11 Freg | 50018

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

| Sidebands
Maximum sideband . |4

[ Specialized Analyses

LEnahled [  Options... ' J

Action1-11  Make sure th&nabled button is on. In the Choosing Analyses window,
hit the OK button. Now your Virtuoso Analog Design Environrherill
look like:
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L VirtuosoE Ang
Status: Ready

T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses _K':{, .
: \C Ar TR Enable | | |
Library RFworkshop * Tepe Come ol
e e ) Gl
Cell wixer testbench | |1 Pac 2 =. 0016 i Rets
|2 pss =1H 2 -10 20 .. ves +| .i.
View  schematic il
Design Variables Outputs [:Ej =
[#  Name Value e NamesSignal /Expr Value Plot Save March \jyf
1 pacmag 1 i T i
{2 pef -30 |
i3 plo 15
{4 pacm -50
5
{6

]

L]

[+]
frl 50016 '
flao LE | | ]

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

Action1-12 In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

Action1-13  After the simulation completes, in the Virtuosonadog Design
Environment, ChoosResults—Direct Plot—Main Form.

Action1-14 In the Direct Plot Form, select tpac button, and configure the form
as follows:
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QK. | Cancel

Plotting Mode Append |
Analysis

/PS5 # pac

Function

I. # Voltage

.- Current

-, Yoltage Gain
-~ IPH Curves

Select Instance with 2 Terminals . |

SWeen

.~ specirum < variable

Signal Level % peak - -mns

Modifier

'V Magnitude . - Phase
B Real « Iiaginary

& dB20

Output Harmonic
-2 4.999

0 5.001G

1 10.001G

2 15.001G

Add To Qutputs |

freqaxis = absout

LSElect Instance with 2 Terminals on schemaﬁc..J

Action1-15 Selectport3 on schematic. You should get the following wavefor

November 2005
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€% REworkshop mixer. testbench schi
File Edit Graph Axis Trace Marker Foom Tools Help
Sl FEEER =R [Labei | |
Feriodic AC Responze rﬂ
— e (fIFE fIFm h=-1; pac dB200vpeak)
14
13
12
11
% ]
= 10
o) 1
- ]
9.0
&.0
7.0
'5.0- e L L T L o [ L s T T
=10 =50 L8] 5.0 10 15 20
pla G

ﬂal> graphl selected: double=click to bring up-attribute: dialog.

Eiﬂgﬂsgm

The PAC analysis computes gain directly only wheun get the pacmag parameter to 1
V. Otherwise, take a ratio of the output and infitie maximum conversion gain value is
reached somewhere above 15 dBm. Use this valubdqrlo parameter in the following

measurements.

Action1-16 After viewing the waveforms, clicKancelin the Direct Plot form. Close

the waveform window.
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Lab2: Voltage Conversion Gain Versus RF FrequencyHSS and Swept PAC)

This example measures how conversion gain varigsthwe frequency of the stimuli.

Action2-1  If not already open, open tBehematioview of themixer_testbench
design in the librarlRFWorkshop

Action2-2  Set port as you did in Labl.

Action2-3 From the Mixer_testbench schematic, start théudgso Analog Design
Environment with the Toolgwalog Environment command.

Action2-4 You can choos8ession—Load Statgload state
“Lab2_VCGvsRF_PSSPAC and skip toAction2-9or ...

Action2-5 In Vituoso Analog Design Environment, chodssalyses—Choose...

Action2-6 In the Choosing Analyses window, select pisebutton in theAnalysis
field of the window and set the form as follows:

Bad Choosing Analyse ifl 4
OK Cancel | Defaults | Apply Help |
| Fundamental Tones [=
[#  MName Expx value Slgnal Srctd
2 FLO flo 56 Lacge PORTL
7 Large
Clearffudd Delete | Update From Schematic |

4 Beal Fregquency
-~ Beat Period

56 Auto Calculate B

Output hanmonics

Humber of hanmonics . | [ 2

: Accuracy Defaulis (errpreset)
| conservative [l moderate | liheral

Addditional Time for Stabilization (tstab) E

| Sawve Initial Transient Results (saveinit) | no | yes
Oscillator
Sweep
E Enabled B Options... || u
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Action2-7: In the Choosing Analyses window, select plae button in theAnalysis
field of the window. Set the RF input frequencysteeep from5G + 1
kHz to 5 G + 10 MHz. Selstebands either by specifying Maximum
sidebands = 2 or usB®ject from range The form looks like:

OK | Cancel | Defaults Apply Help|

fnalysis -~ tran o e S -~ NOise
- BT - SENS ~demaich - sth
Pz o E5p - Bnvip . 58
4 pac . -pnoise . pxf o pEp
.- Opss - qpac . gpnoise .- gpRT
s qPSp

Periodic AC Analysis

PR Beal Prosmamniy TH2Y :53
Sweeptype absolute _'
input Freguency 3weep Range {Hz)
Start-Stop — | Start [5.0000016  stop | 5.016
Sweep Type
Automatic — |

Add Specific Points

| Sidebands

Maximum sideband . | 4

| Specialized Analyses

LEnahled M Options... J

Action2-8 Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.

Now your Virtuoso Analog Design Environment willolo like:
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' Virtuoso® Anal [
Status: Ready T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses _% .
[ W Ar TEREI e e Enable | |
Library RFworkshop * Tepe chmi L
Celi mixer testhench || 1 pac 2 56 5.016 ¥es e
|2 pss 56 2 ves L] ]'.
View  schematic -lx‘ T3
Design Variables Outputs DEE:: =
[#  Hame Value e Name/Signal fExpr Value Plot Save March '
1 fefl  5.0016 | ' ﬁf |
2 prf -30 o
i3 plo 15
|4 pacm -50 i
5 flo 56
15 Pociag 4 | e

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

Action2-9 In your Analog Design Environment, Chodienulation—Netlist and
Rumor click theNetlist and Runicon to start the simulation.

Action2-1Q  After the simulation completes, in the Virtuosoalog Design
Environment, choosResults—Direct Plot—Main Form.

Action2-11  In the Direct Plot Form, select tpac button, and configure the form
as follows:
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Help
.-I.“Iuttjn:[.]- Hude ) Append | ) |
Analysis
| /PS5 # pac |
Function
| & Voltage . Voltage Gain 1
.- Current -~ IPH Curves

Select Instance with 2 Terminals . |

SWeen

.~ spectrum 4 sideband

Signal Level % peak - -mns
Modifier
| Magnitude . Phase 4 dB20 '

|7 Real « Iiaginary
Output Harmonic
-2 4,996 - 4.99
-1 1K - 10M

0 5.0000016 - &

1 1o0.00000iG - ;|-

Add To Qutputs |

freqaxis = absout

LSElect Instance with 2 Terminals on schemaﬁc..J

Action2-12  Selectport3 on schematic. The waveform window shows up:

November 2005
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A i ieion ke destbens sk
File Edit Graph Axis Trace Marker Zoom Tools Help

SrEHlFeEEm K [taber i

Periodic AC Eesponse rﬂ

— i fIEp fIFny h==1; pac dBZ0M paak)

14.0-

nwit—_
0 2.0 4.0 &0 5.0 1
freg (MHz)

Ea|:> graphl selected: double=click to bring up attribute dialog. |[a den C_E_*ﬁ

Since the sweep type in the analysis was lineatebgult, uniform frequency points
display along the X-axis in the above plot. Foamé frequency range, set the sweep
type to logarithmic as it is by default.

The same PAC analysis generates results you cao nseasure RF to LO isolation and
will be used in measurements that follow.

Action2-13 Close the waveform window and cli€ancelin the Direct Plot form.
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Lab3: Voltage Conversion Gain Versus RF FrequencyRSS and Swept PXF)

This example measures the small-signal voltageamsion gain using the PXF analysis.

Action3-1:

Action3-2

Action3-3

Action3-4

Action3-5

Action3-6

Action3-7:

If not already open, open tsehematioziew of themixer_testbench
design in the librarlRFWorkshop

Set ports as you did in labl.

From the Mixer_testbench schematic, start théudgso Analog Design
Environment with tAi@ols—Analog Environmentcommand.

You can choos8ession—Load Statgload state
“Lab3_VCGvsRF_PSSPXF and skip toAction3-9or ...

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

In the Choosing Analyses window, select pissbutton in theAnalysis
field of the window. Set the fundamental frequepayameter, flo =5

GHz or ugauto Calculate button. Set errpreset = moderate. The form
will the same as iAction2-6.

In the Choosing Analyses window, select pté button in theAnalysis

field of the window. Sweep the output frequency from 1 kHz to 10 MHz.
Select sidebands eithesfgcifying Maximum sidebands = 2 or using
Select from range. The fdowoks like:

November 2005 21 Bust Version 6.0



Mixer Design Using SpectreRF

OK | Cancel | Defaults Apply Help|

Analysis - -tran - de +ac .~ hoise
R .- SENS . ~dcmatch . . sth
Pz . 5p - Bnvip .- 58
- pac _-pnoise 4 pxf e L
.- qpss .- qpac .- gpnoise .- gpxf
-~ qPsp

Periodic XF Analysis

SRR Hpal Srommamann Y :53

Sweeptype ~! _I Sweep is Currently Absolute

Outpui Frequency Sweep Range {Hz)

Start-Stop | start |1 Stop | 10N

Sweep Type
Automatic — |

Add Specific Points

| Sidebands

Maximum sideband . | 2
 Output
e f I b
& voltsge Positive Output Node Ea" Fi. Select
-~ probe Hegative Output Hode a" IFn Select |

[ épef:iéjiz.eﬁ- Majfses

LEnahled [ | .Dptjuns... J

Note that Maximum sidebands = 2 is good for tineple, other circuits might require
a different value. Set the Output by specifyingootias Voltage with Positive Output
Node being the Ifp net and Negative Output Nodadéhe Ifn net.
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Action3-8 Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.

Now your Virtuoso Analog Design Environment willlk like:

| ¥ Virtuoso® Anal H=
Status: Ready T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses _% .
[ W Ar TR e Enable | |
Library RFworkshop R chmi L
Celi mixer testbench 51 pxf 2 1K 10M /1Fp.. yes e
|2 pss 56 2 ves L] ]'.
View  schematic -lx‘ T3
Design Variables Outputs DEE:: =
l#  Hame Value e Name/Signal fExpr Value Plot Save March |
2 pxf -30 o
i3 plo 15
{4 pacm -50 =
5 frfl 5. 0016
6 flo LG | fiaak |

: _ Plotting mode:  Replace . | | b_{ '
L =]

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

Action3-1Q  After the simulation completes, in the Virtuosoalog Design
Environment, choosResults—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

November 2005

Plotting Mode Append |

Analysis

. P55 @ puf

Function

4 Voltage Gain .- Transimpedance

Sweep

;H,.# spectrum 4 sideband

L |
rModifier

1 Magnitude . . Phase 4 dB20
-~ Real o Ivaginary

Output Hanmonic

[<2 1K - 10M
S 1K - 10K
0 1K - 10K
1 1K - 10M
2 1K - 10M

fdd To Outputs

fregaxis = out
I = Helect Port or Voltage Source on schematic... J

Select outpuport0 on schematic. The waveform shows up:

24
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£2 Reworksho sestbe ati
File Edit Graph Axis Trace Marker Zoom Tools Help
Sl BETE R [v/]Labei | |
Feriodic XF Fesponse m
— 5 FRORT O h=1; paf dB2 00 )
1404
13 5
13 0
&1d.5
=
()
=12 .10
11.54
11604
10.54 T Ty ——————r —————rr
107 104 102 10%
freg (Hzl
Ll:} graphl selected: double=click to bring up-attribute: dialog. |[a dE 1] cﬂ

Action3-13  After viewing the waveforms, clickancelin the Direct Plot form

The sweep type in the analysis is logarithmic bfadke The large frequency range in
above figure requires a logarithmic X-axis.

Yet another way to measure small-signal gain issethe PSS and PSP analyses to get
the gain and noise parameters with one simulatfon.may want to refer to SpectreRF
user guide Appendix L (using psp and pnoise anglysr more details.

You can also set up an appropriate QPSS analysie&sure large-signal gain. Set LO as
a large tone on the Plo port. Use a sinusoidabygeltsource for the Prf port. This analysis
models the signal at a particular frequency gamgugh the mixer. In the Direct Plot
form for QPSS, the Voltage and Power Gain provititha needed information.
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Lab4: Power Conversion Gain Versus RF Frequency (QFS)

You can measure the Power Conversion Gain and Poissipation for an unmatched
source and load using a QPSS analysis. If thetedfabe RF tone is small, you might
use a PSS analysis instead, as mentioned in psesentions.

The QPSS and PSS analyses provide only spectrianrddta scalar value, of the total
power. To get a scalar value for total power, wibrough the summation over the
harmonics and sidebands. In general, most of thepis in the main output harmonics.

Note: Some users might not be fully aware of thigonmoof the port and they might get
wrong results by relying on a 50 Ohm resistancétferport. To get the correct results for
unmatched ports, you need to save the currentseopawer supply terminals.

Action4-1  If not already open, open tBehematioview of themixer_testbench
design in the librarlRFWorkshop

Action4-2 From the Mixer_testbench schematic, start théudgso Analog Design
Environment with the Toolgwalog Environment command.

Action4-3  Select thd?ORTO source by placing the mouse cursor over it arakiclg
the left mouse button. Tirethe Virtuoso Schematic Editor select
Edit—Properties—Objects... The Edit Object Properties window for the
port cell should come upakd sure the properties are set as follows:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type sine
Frequency name 1 RF1
Frequency 1 frfl
Amplitude 1 (dBm) prf

Action4-4 Check and save the schematic.

Action4-5  You can choos8ession—Load Stateload statellab4 PCG_QPSS3
and skip toAction4-12or ...

Action4-6  In Virtuoso Analog Design Environment, chodsgalyses—Choose...

Action4-7. In the Choosing Analyses window, selectgpssbutton in theAnalysis
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field of the window. Set LO as a large tone with#l5 GHz. Set RF as a
moderate tone with frf = 5.01 GHz. Set errpregehbderate. Limit the
maximum harmonic value to the maximum index ofnesé plus one

more. For this example, set LO =5 and RF =

3. Maght select any

reasonable number of LO harmonics since the |lange is modeled in the
time domain and you can analyze up to 40 harmamitteut runtime

penalty.

0K | Cancel  Detaults Apply

| Fundamental Tones

. Sweep H
Variable

sSweep Range

L4 Name Expr Vvalue Slgnal
2 FLO flo 56 Large PORTL 5
{1 FRF1 frfl L.001G Moderate  PORTD 3
Clear/fdd | Delete | Update From Schematic |
Harmonhics Default o |
evenfoddfall {for each mod. tone) or blank ,
Accuracy Defaults (enrpreset)
| conservative Bl moderate | liberal
Additional Time for Stabilization (istah) 1011
Save Initial Transient Resulls {(saveinit) | no | yes

Frequency Varahle? . - no 4 ves
variable Hame | £rfl

Select Design Variable

Help |

SrcId Harms

¥ Stark-slop Start [5.000016  Stop |5.066
-~ Center-Span {
Sweep Type
# Linear - Step Size B
-~ Logarithmic # Humber of Steps 1=
Add Specific Points
Enabled W Options... ||
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Action4-8 Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.

Action4-9  In the Virtuoso Analog Design Environment windaskpooseOutputs—
To Be Saved—Select on Sclagin

Action4-1Q In the schematic, select the positive termin&isastO, port3 and VO.
The terminals are circled in the schematic windéerayou select them,
indicate that you will save the currents at thesges.

Action4-11  pressEscwith your cursor in the schematic window to enel $kelections.

Now your Virtuoso Analog Design Environment willollo like:

Status: Ready T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses v—% .
[ W Ar A R Enable &
Library RFworkshop * Tepe o ol
Cell wixer testbench |1  9PSS FLO RF1 > 3 ¢ o --
e
View  schematic -lx‘ T I
Design Variables Outputs [Ej '
[#  Name Value e NamesSignal fExpr Value Plot Save March ﬁf ':
1  paemag 1 1  PORT3/PLUS no  yes no T :
{2 pef -30 {2  PORTO/PLUS no  yes no
i3 plo 15 13 VID/PLUS no  yes no
4 pacw -50
{5 frfl L.o001G
6 flo 56

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

o
o
o
Plotting mode: Replace . | I '

Action4-13  After the simulation completes, in the Virtuosonaog Design
Environment, choosResults—Direct Plot—Main Form.

Action4-14 In the Direct Plot Form, select tiqpssbutton, and configure the form
as follows:
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-~ Powrer Contours
.~ Power Added ETT.
.~ Comp. Vs Pout

BWEep

.- spectrum @ variable

Modifier

.~ Magnitude 4 dB10

0K | Cancel
Flotting Mode fppend |
Analysis
# qgpss
Function
. -~ Yoltage - current
..~ Povrer - Yoltage Gain
-~ Current Gain 4 Power Gain
~~ Transconductance - - Transimpedance
« .~ Compression Point - - IPN Curves

.~ Reflection Contours
+ Povirer Gain ¥s Pout
.~ Mode Complex Imp.

Select Out. and In. Ports { fixed R{(OutPort) ) . |

Frequencies{Hz) FLO RFl
0 0 o =
Output. 10K 10M -1 1
: 20K o0M -2 9
Harmonic 20K 20M 3 =
4.976 4.999976 4 -3
4.986 4.999986 3 -2
4.986 4.999986 i -2
Input 4.99¢ 4.99999¢ 2 -1
: 56 1 0
B 000016 5.016 0 1
5.000026 5.026 -1 2
5.00003¢ 5.036 -2 3
Add To Outputs| Replot |

|i = Jelect Mumerator Output Port on schematic...

J

November 2005

29

Buat Version 6.0



Mixer Design Using SpectreRF

Action4-15 Select outpuport3 and inpufport0 on schematic.
“File Edit Graph Azis Trace Marker Zoom Tools Help -
S | FEBE S MDD [/Labe | |
Giuasi-Feriodic Steady State Response m
— (pIPORT:r GIFp AFn h=-1 1P ORTIPLUS ORF fgndly h=011 gpss dB 1 OPIF)
- 2.0
-2 5
3.0
5]
g
[ ]
4.0
4.5
5.0
A5
.0 5.0
Tl (EH)

s L |

Action4-18 Close the waveform window, cliéBancelin the Direct Plot form
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Lab5: Periodic S-Parameters (PSS and PSP)

The receiver amplifies the small input signalsht® point where they can be processed by
the baseband section. You develop a gain budgeevdwery stage in the receiver is
assigned the gain it is expected to provide. Tloeegthe signal gain or loss provided by
the mixer must be known.

There are various ways of characterizing gain dirar@ derived from the mixer's S-
parameters. As such, it must be easy to calcliatgdrious S-parameters of the circuit
and apply the various gain metrics.

Action5-1:  If not already open, open tkehematiovziew of themixer_testbench
design in the librarlRFWorkshop

Action5-2  Select thd?ORTO source by placing the mouse cursor over it arakiclg
the left mouse button. Thethe Virtuoso Schematic Editor select
Edit—Properties—Objects... The Edit Object Properties window for the
port cell should come up. Change the source typle.tBlank out all the
Second Sinusoid fields before setting the Sourge tg dc.

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type dc

PAC Magnitude ( blank)

For small-signal analysis, in many cases it woddbfficient to treat the
RF input as small signal (for example, by settimg $ource type to dc).
However, sometimes it is important to analyze aod#l noise folding
terms induced by the RF input (larger signal irgeg§. In those cases, the
RF source is a large signal and the source typaés

Action5-3  setlo port tosinetype and output port tdc type.
Action5-4  Check and save the schematic.

Action5-5  From the Mixer_testbench schematic, start théugso Analog Design
Environment with th@ols—Analog Environmentommand.

Action5-6 You can choos8ession—Load Stateload state
“Lab5_SParameter PSSPSPand skip toAction5-11o0r ...
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Action5-7: In Vituoso Analog Design Environment, chodssalyses—Choose...

Action5-8 In the Choosing Analyses window, select pisebutton in theAnalysis
field of the window. Set the form as you didAntion2-6.

Action5-9  In the Choosing Analyses window, select pise button in theAnalysis
field of the window and set the form as follows:

Periodic 5-Parameter Analysis

Sweeplype relative |

Frequency Sweep Range{Hz)

Start-Stop | Start |1k Stop |10

Sweep Type

Automatic |

Add Specific Points

Select Ports W

E-Purt# Name Haxym. Fregquency
| 1 PORTOD 1 56 - 5.016

2 PORT3 1] 1Kk - 1M

3 PORT1 1 56 - 5.016
4 |poRrd a - IE - 10mM

Select Port | Choose Harmonhic Add | Change | Delete |

Do Moise s
Maximum Sideband | 10
B yes !

| no

Enabled M _Dptjuns...
L L

Action5-1Q Make sure th&nabled button is on. In the Choosing Analyses window,
hit th@K button.
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Now your Virtuoso Analog Design Environment willollo like:

Status: Ready T=27 C Simulator: spectre 39

Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design fnalyses *{ |
: \C Ar TR Enable | | |
Library RFworkshop * Tepe o ol
e — ) Gl
Cell wixer testbench |1 PSP 10 1K 10M i Aol
|2 pss =1H 2 ves +| .i.
View  schematic il .
Design Variables Outputs [:Ej =
[#  Name Value e NamesSignal /Expr Value Plot Save March \jyf
1 pacmag 1 i Tl i
{2 pef -30 or |
i3 plo 15
{4  pacm -50 |
5 frfl 5. 0016
6 flo 56 |

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

Action5-11  In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

Action5-12  After the simulation completes, in the Virtuosonaog Design
Environment, choosResults—Direct Plot—Main Form.

Action5-13 In the Direct Plot Form, select tpsp button, and configure the form
as follows:
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November 2005

QK. | Cancel

Plotting Mode Append |

Analysis

PS5 & psp

Function

4 5P o EP < ¥P -~ HP

-~ G0 o W3WR . NFmin . - Gimin
'\_.." NF \q.—' Kf

-~ GA ~,~GP

Lo Gumx . - FM

~GPC . LSB

-~ Fdsh . - Fieee

-~ IRH -~ MFish

- R

.o Bif
. Gimax
.~ NC
.- 33B
.- Fimin

-m
- GT
- Gmsg
GAC

Pk
- F

.~ GAIN
-~ HFieee

Description: 5-Parameter

Flot Type

# Rectangular . - Z-Smith
.- ¥-3mith  _ Polar

Modifier

.~ Magnitude . . Phase 4 dBz20

;- Real «~ Imaginary

s11 312 | 513

321 S22 523

S31 32 | 833 |
Port 1 active hammonic is 1
Port 2 active harmonic is 0
Port 3 active harnmonic is 1

Add To OQutputs |

LTB plot, press Sij-bution on this form...

-
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Action5-14 In the Direct Plot form, click on the S11, S212%nd S22. Here shows
the waveforms:

B2 REworkshop mixer_testbenc
File Edit Graph Axis Trace Marker Zoom Tools Help
Se#ES FEEE IR =K v
Periodic 5-Parameter Response F‘ﬂ
511 dB20 =512 dB20 — 521 dB20 — 522 dB20
0]
- 104 k
@ ]
H—F’_EO_
= |
= J
40
=50
_'60 T u LR LR | r ¥ LA L R R T T LI L LT | r ¥ e T
102 104 10° 108 107
freg (Hz)

P Eigﬁﬂggm

Action5-15 Close the waveform window.

Action5-16 In the Direct Plot form, choosg function, set plot type tRectangular
and Modifier todB20. PlotS21

Action5-17 In the Direct Plot form, choos@AIN and clickOK button to plot the
input to output gain;
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0K | Cancel |

Plotting Mode fAppend

Analysis
. Pss ¥ psp

Function
< BP P < ¥F < HP
.~ GD o W3WR . NFmin . - Gmin
«,- B1T -~ GT «,- GA -~ GP
.o Gmax . - Gmsyg . o Gumx . o ZM
+~HC - GAC < -GPC . -L5B
o8B . -F -~ Fdsh . - Fieee
. Fmin 4 GAIN . IRH -~ HFilsh
-~ HFieee

Description: Input to Output Gain

Add To Outputs | Plot |

Lﬁess plot button on this form...

You should get the plot as below:
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% RFworkshop mixer_testbench_ltone_noisy schematicl0: Sep 12 15:37:052005 [9] = 0 X
File Edit Graph Axis Trace Marker Zoom Tools Help

SrEE FESEDs K [FLael | |

Periodic 5-Farameter Eesponse m

— 521 dB20 — GAlN
~2.07 5 25

s Et—— T e e S S e 3.5
£ 2.0 4.0 5.1 =R 10
freg iMHz)

o [cadence]

...

Action5-18 Close waveform window, clickancelin the Direct Plot form. Close the
waveform window.

PSP GAIN differs from the PSP S21 gain and the $&hgain because PSP GAIN is
independent of input match (determined by the imped of the RF port). PSP S21and
Pnoise gains will vary depending on the input maR®P Gain is the voltage gain from
the internal port voltage source to the output. ¥an refer to SpectreRF user guide
Appendix L (using psp and pnoise analysis) for nostails.

November 2005 37 Buat Version 6.0



Mixer Design Using SpectreRF

Lab6: Noise, Noise Figures and Noise Summary (P&8d Pnoise)

Because the noise from the mixer is moderated &y MA’s gain, it places a limit on

how small a signal can be resolved. The sensitofitye receiver is then adversely
affected. Noise is measured using the noise figuFg, which is a measure of how much
noise the mixer adds to the signal relative tonbise that is already present in the signal.
An NF of 0 dB is ideal, meaning that the mixer addshoise. An NF of 3 dB implies that
the mixer adds an amount of noise equal to thatdir present in the signal. For a mixer
alone, an NF of 15 dB is typical.

Running the PSS and PNoise analyses producesaikttded information which
includes total output noise and noise figure.

Action6-1:

Action6-2

Action6-3

Action6-4

Action6-5

Action6-6

Action6-7:

Action6-8

If not already open, open teehematiosziew of themixer_testbench
design in the librarlRFWorkshop

Select the®ORTO source, set the source typalto Select thdPORT3,
set the source type tit and sePORT1 to sine

Check and save the schematic.

From the Mixer_testbench schematic, start théudgso Analog Design
Environment with the Toolgwalog Environment command.

You can choos8ession—Load Stateload statelab6_PNOISE’ and
skip toAction6-10or ...

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

In the Choosing Analyses window, selectplssbutton in theAnalysis
field of the window and set the form as you did\ction2-6.

In the Choosing Analyses window, select pm@isebutton in the
Analysis field of the window and set up the form as follows
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0K | Cancel | Defaults Apply Help |

Periodic Hoise Analysis

FED Hal Erarnnmaiy SHY |56

Sweeptype default . | Sweep is Currently Absolute

Output Frequency Sweep Range (Hz)

Start-Stop | start |1k Stop | 10M

Swreep Type

Automatic |

| Add Specific Points

| Sidebands

Maximum sideband _ 10,
Output §
. Positive Output Hode |/IFp Select
voltage . | = g e
) . Hegative Output Hode | /IFn Select
Input Source
port .|  Input Port Source | /PORTO Select

Reference side-band

Enter in field — 1

Moise Type sources .

sources: single sideband (S5B) noise analysis

Enabled W Options...
L — 1

Action6-9 Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.

Now your Virtuoso Analog Design Environment willol like:
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T=27 C Simulator: spectre 14

Session Setup Analyses Varables Outputs Simulation Resulis Tools Help
Design Analyses _i{ |
e | T Type Forguawerib s T e s R Enable Boe 1
L - ® = = == = " TRAH
Ccell sixer testhench | N 10 1K 10M JIFp.. yes L
- | pss + ] _i,
Viewr schematic I ‘\F i
Design Variables Outputs D}Ej =
[ Wame value I Name/Signal f Expr ¥alue Plot Save March ‘5?2"
: i-- PocEa 1_ i | .
2  prf -30 o
13 ple 15
14 pacm -50 B
|5 frfl 5.0016
6 flo LG : | Aak |

| | Flotting mode: | Replace - | | ﬁ
L ey

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

Action6-11 In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action6-12 In the Direct Plot Form, select tpaoisebutton, and configure the form
as follows:

OK Cancel Help

Flotting Mode Hppend
Analy sis

- PSS 4 pnoise

Function
[ «.~ Output Hoise -~ Input Hoise
< Moise Fgure -~ MHoise Factor
.~ HFdsh .~ Fdsh
-~ MFieeea -~ Fieee
..~ Phase Noise .~ Transfer Function

Currently, only freq data is availahie

Add To Outputs| _| Plot |

E = Press plot button on this fonm... I
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Action6-13

Action6-14

Action6-15

Click thePlot Button.

The waveform window will show up. In waveform wliow, click onNew

Subwindow button.

In the Direct Plot form, set the FunctionQ@uoitput Noise and configure

the form as follows:

Flotting Mode

Append |
Analysis

- pss - pnoise

Function

| 4 Output Hoise
. Hoise Figure
.~ HFdsh
-~ HFiees

-~ Input Moise
-~ Hoise Factor
.~ Fdsh

-~ Fiege

.~ Phase Noise .~ Transfer Function

Currently, only freq data is available

Signal Level 4 V¥ fsqrifHz) . V"2 Hz

KModifier

f@ Magnitude . -dB20

Add To Outputs | Plot |

Lﬁess plot button on this form...

.

Action6-18 Click thePlot button. The waveform window should look like this:
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L

S ESOFESE B s

Periodic Moise Response

m

nols: Help

.IZLahEI |

Periodic Mojse Response m

— hioise figure

12,925+
12 9234
12,924

12 918

el

B

12,9157
12 9132

12.911

s S

oy st
2! 2.0 40 B0 B0
freq (MHz)

1a

NsgriHzD (nY fsgriHED

— DuLpUt noise; ¥ sortiHz)

9.5+

il o o b
L o i o
1 I 1 i TP

i
T

g5

la|:> graphl selected: double=click to bring up-attribute: dialog.

Eﬁ_d_a_n_c.ﬂ

Action6-17  After viewing the waveforms, clickancelin the Direct Plot form

It is Valuable to know the main contributors of $®in a system, once the noise
performance of the circuit is calculated. This mfiation is readily available from a

Pnoise simulation.

Action6-18 In the Virtuoso Analog Design Environment windaskposeResults—

Print—Noise Summary.

The Noise Summary form appears.

Action6-19 Fill in the form as shown here.
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el

Ok | Cancel | Apply Help |

Data is from pnoise analysis

Type -~ Spot noise # integrated noise noise unit '1_-"“‘2

From (Hz) 1K To (Hz) |10W

weighting ¢ flat . from weight file

FILTER

Include All Types | i
include Hone |
include instances r Select | Clear
exclude instances : ] Select Clear
TRUHCATE & SORT
truncate by number | top |4
E sort by M noise contributors | composite noise | device hame H

Action6-2Q Click theALL Types button in the FILTER section.

Action6-21  Click OK in the Noise Summary form.

Window Expressions Info Help | &
:i]e'v:i.c:e Paxram Noise Comtribution % Df Total T
y119/mM6  id 3.22696e-10 45.28
| /Rb m 8.11205e-11 11.38 ;
| /PORTO ¥n 7.83773e-11 11.00

[Integrated Noise Swmary {in ¥*Z} Sorted By Noise Comtributors
Total Output MNoise = 7.12675e-10

|Total Imput Referred Noise = 3.91772e-11

ﬂe- above noise suwwmary info is for pnoise data J

Action6-22  After viewing the noise summary, close it by séleg Window—Close.
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Lab7: Port-to-Port Isolation Among RF, IF and LO Ports (PSS and Swept PAC)

The isolation required between a mixer's ports ddp®n the circuit and the architecture
of the product. Isolation is critical for the mixerfunction properly.

You can combine PAC and PXF analyses to produosfeafunctions from different
ports to each other. One suggested configuratighinie to set up a PAC analysis with
nonzero pacmag parameter at the signal input (Ehpd®t) A PXF analysis with the IF
port as the output probe This example uses pacniape=simplicity.

Action7-1:

Action7-2

Action7-3

Action7-4;

Action7-5:

Action7-6

Action7-7:

Action7-8

Action7-9

If not already open, open teehematiosziew of themixer_testbench
design in the librarRFWorkshop

Select the®ORTO source by placing the mouse cursor over it arukiclg
the left mouse button. Tiethe Virtuoso Schematic Editor select

Edit—Properties—Objects... The Edit Object Properties window for the
port cell should come upa@ge the port properties as follows:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type dc

PAC Magnitude pacmag

Click OK on the Edit Object Properties window to close it.
Set the source type BORTL1 to sine andPORT3 to dc.
Check and save the schematic.

From the Mixer_testbench schematic, start théudgso Analog Design
Environment with the Toolgwalog Environment command.

You can choos8ession—Load Stateload statelab7_Isolation_PAC’
and skip toAction7-14or ...

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

In the Choosing Analyses window, selectplssbutton in theAnalysis
field of the window. Set up the forsfallows:
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0K | Cancel | Defaults | Spply Help|

Periodic Steady State Analysis

Engine | Shooting | Fexible Balance

Fundamental Tones
# Name Expr Value Signal Srcld

2 FLD flo 56 Large PORT1

I |  Large~ |

Clearffdd | Delete Update From Schematic

# Beat Frequency
-~ Beat Period

futo Calculate W

' Output harmmonics

Humber of harmonics . | |5

Accuracy Defaults {enpreset)
conservative Ml moderate | liberal

Additional Time for Stabilization (tstab) |10d

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

Oscillator

Sweep |

Enabled H Options... |
L |

PSS simulation is set up here to check the LO fieexigh. PXF is a small signal
analysis. LO feedthrough is a large-signal eféexwt shouldn't be measured using a
small-signal analysis.
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Action7-1Q In the Choosing Analyses window, select plae button in theAnalysis
field of the window. Set up the forsfallows:

OK

Cancel | Defaults Apply Help|
Periodic AC Analysis

FRIE Heead Prommaaany Y 56

Sweeptype absolute
Input Freguency Sweep Range (Hz)

Start-8top — | Start [5.0000016 giop |5.016

Sweep Type
Automatic _ |

fdd Specific Points

Sidebhands

Maximum sideband . | |4

[ épef:ir_ﬂiz.eﬁ- Majérses

Mone

Enabled W _Dptjuns... ..--__f
L |

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

PAC simulation is set up here to check the RF taealigh.

Now your Virtuoso Analog Design Environment willollo like:
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_V ‘u""usu@." g
Status: Ready

T=27 C Simulator: specire 4
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses v—KT_{, .
[ W Ar A R Enable | |
Library RFworkshop * Tepe Come ol
Cell wixer testbench | | A o o6 5. 016 B =i
|2 pss =1H 5 ves 1] _i,
View  schematic -lx‘ T
Design Variables Outputs [Ej =
[#  Name Value # NamesSignal /Expr Value Plot Save March ﬁf
{2 pef -30 or |
3 plo 15 a
{4 frfl 5.0olG T
5 flo 56
{6 pacm -50 { if |
[ Flotting mode: Replace | I |
Lﬂesults in ...rkshup!mixer!si-mulatjun?mixer_testhenchfspec:trefschemhtj[: ' J

Action7-12  In your Analog Design Environment, chodaenulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

After the simulation runs, use the Direct Plot Geatto plot the results.

To avoid desensitizing the stage following the mixéh high-level LO signal

feedthrough to the output, measure LO-to-IF isotatlUse the results of the PSS analysis

with the LO port as input and IF port as outputiteasure the level of isolation.

Action7-13 In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

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

Analysis
| 4 pss .- pac |
Function
- Voltage - Current ]
.~ Power # Voltage Gain
.~ Current Gain .~ Power Gain

- Transconductance . - Transimpedance

.~ Compression Point . - IPN Curves

-~ Power Contours -~ Reflection Contours
-~ Harmonhic Frequency . - Power Added Eff.

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

=~ Hode Complex Imp. . -THD

select Output and Input Mets

Currently, only spectrum data is available

Modifier

.~ Magnitude . . Phase ¥ dB20

s

-~ Real o Ivaginary

Input Hanmonic
0 0
2 106
3 156
4 206
5 256

Add To Outputs | Replot |

||_> Select Numerator Output Het on schematic... ]

Action7-15 In the schematic, select the hep as the output and nét.O as input.

Action7-16 In the waveform window, selebaker—Place—Trace Maker to place a
maker at first harmonic 5 GHz.
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The following waveform shows the LO to IF feedthgbu

Periodic Steady state Eesponse [‘ﬂ

— (AR RS h=1) pss B2 i I

20.0n
0]

20,01

OB

~40.0+

: 0{5GHz, ~60.43dE)
~60.01

-80.04

1004 : . . i
£l 5.0 1o 15 20 25
freg (GHz)

LO-to-RF feedthrough affects the functionality dAs and antennas and causes the dc
offset because of self-mixing of Mixer. Use theutesof the PSS analysis with the LO
port as input and RF port as output to measuré@&-RF feedthrough.

Action7-17 In the Direct Plot Form, change the Plotting Mdd&eplace

Action7-18 In the schematic, select the R as the output and net.O as input.

Action7-12 In the waveform window, selebtaker—Place—Trace Maker to place a
maker at first harmonic 5 GHz.

The following waveform shows the LO to IF feedthgbu
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Periodic Steady state Eesponse [‘ﬂ

— EFFALD N =1 pss dB2 00 )

0i5GHz, 150 &cB)

-t ————— —
o 5.0 10 15 20 25
fren (GHz)

RF-to-LO feedthrough affects the local oscillatgréiting strong interferers at the input
pass to the LO. Measure RF-to-LO feedthrough usiag?AC analysis results.

Action7-2Q In the Direct Plot Form, select tpac button, and configure the form
as follows:
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Plotting Mode Replace . |

Analysis

PS5 ¥ pac

Function

& Voltage -~ Voltage Gain
.- Current -~ IPH Curves

Select Het =
SWeen

.- spectrum 4 sideband

Signal Level % peak - -mns

Modifier

. Magnitude ., Phase 4 dB20
B Real - Imaginary

Output Harmonic
-3 9.996 - 9.99 |-
-2  4.996 - 4.99

OF 1K - 10v g
0 5.000001G - 5

Add To Qutputs

freqaxis = absout

LSElect Het on schematic... J

Action7-21  Select -1 in Output Harmonics to represent therdoonverted RF signal
and click on th&/LO net to select the LO port as the output instarides
following waveform shows the RF to LO feedthrough:
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_.File Edit Graph Axis Trace Marker Zoom Tools Help ) - |
SGr@Ell FERE YD [/ILabei | |

Feriodic AC Response Eﬁ

— LD h=-1; pac dBE2AMpeak)

=700

-80.0
-50.04
-1007

=110

¥ dB

120+
1304

1404

1504

-160 s et e, S e ST e
0 20 4.0 ~ BOD g.0 10
fren (MHz)

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

RF-to-IF feedthrough might create an even-orddodisn problem for homodyne
receivers. Measure RF-to-IF feedthrough using th€ Bnalysis results with two simple
changes.

Action7-22  In the Direct Plot Form, select tpac button, and configure the form
as follows:
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Plotting Mode Replace . |

Analysis
P55 ¥ pac

Function

| @ Voltage -~ Voltage Gain
.- Current -~ IPH Curves

Select Instance with 2 Terminals . |

SWeen

. ~spectrum -4 sideband

Signal Level % peak - -mns

Modifier

. Magnitude . Phase 4 dB20
B Real « Iiaginary

Output Harmonic

-3 9.996 - 9.99 |-
=2 4996 - 4,99
-1 1K - 1M |
0 L.000001g - &5

Add To Qutputs

freqaxis = absout

LSElect Instance with 2 Terminals on schemaﬁc...ﬁﬂ

Action7-23  Select 0 in Output Harmonics and select the lip@uPORT3. The

following waveform shows the RF to IF feedthrough:
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File Edit Graph Axis Trace Marker Zoom Tools Help - ]
S | EEE S PR [ Labe | |
Fetiodic A Response ﬁ
— ¢ (IFp AFn h=0: pac dB20Mpeak)
S161.23
151254
151 20
o ]
=
—
=
5124
151 39
151 35
A 5.0
frenq (GHZ
LF graphl selected: double-click to bring up attribute dialog. | J
Action7-24 Click Cancel in the Direct Plot form. Close thaweform window.
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Lab8: Mixer Performance with a Blocking Signal (QFSS, QPAC, and QPNoise)

Large interfering signals are called blockers. Rlog signals reduce the mixer's gain and
deteriorate the mixer's noise performance. As symihnheed to measure the gain and
noise of a mixer in the presence of a blocking&ligAll major communication standards
include blocking requirements for both mobile aadd stations. The requirements use
several in-band and multiple out-of-band blockirgpals.

Because a mixer has both signal and LO inputsshould use the multi-tone large
signal QPSS analysis for these measurements. FUll®@PSS analysis with QPAC and
QPNoise analyses to measure gain and NF variatenssis the level of the interfering
signal. In the QPSS analysis, model the blockexr m®derate tone.

Action8-1  If not already open, open tkehematiovziew of themixer_testbench
design in the librarlRFWorkshop

Action8-2 From the Mixer_testbench schematic, start théudgso Analog Design
Environment with tAi@ols—Analog Environmentcommand.

Action8-3  Select thd?ORTO source. Use thEdit—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 RF1
Frequency 1 5.003G
Amplitude 1 (dBm) prf
PAC magnitude (dBm) -30

Action8-4 Make sure the source typePDRTL1 is set to sine andORT3 dc type.
Action8-5  Check and save the schematic.

Action8-6 You can choos8ession—Load Stateload state
“Lab8_ Blocker_ QPSSQPACQPnNoisktand skip toAction8-14or ...

Action8-7:  In Vituoso Analog Design Environment, chodsealyses—Choose...
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Action8-8 In the Choosing Analyses window, select gpssbutton in theAnalysis
field of the window. Represent the blocking sigbogisetting the moderate
tone frequency frf = 5.003 GHz. Represent a ssighal RF input by
setting a fixed value for the pacm parameter. Kangle, in this example
pacm = -30 dB. In the QPSS analysis, sweep themeean prf from -50
dB to -8 dB. The form should look like this:
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0K | Cancel | Defaults | Apply Help|

Quasi-Periodic Steady Siate Analysis

Engine _ | Shooting | Flexible Balance

Fundamental Tones

& Nane Expr Value  Signal  SrcTd Harms
2 FLo flo 56 Large PORTL 5
'3 RF1 50036 5.003¢  Moderate PORTD 4
. Moderate . | | [ i3
Clearifdd |  Delete | Update From Schematic |

Hanmonics Default o |
evenfoddfall {for each mod. tone) or blank

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

Additional Time for Stabilization {tstah)

Save Initial Transient Results (saveinit) |no | yes

Sweep B Frequency Varable? ¢ no . yes

Variable ;
Variable Hame  prf

Felect Design Variable

Sweep Hange

& Start-Stop -

Start [-50 Stop |-20
-~ Center-Span { !
Sweep Type
# Linear & Step Size I
-~ Logarithmic .- Humber of Steps 1=

Add Specific Points B :—1I].5 -10 -9.5 -9 -B.6 -8.4 _B'[-[;

Enabled H Options... |—

| |
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Action8-9

Action8-10:
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Make sure th&nabled button is on. In the Choosing Analyses window,

hit thapply button.

In the Choosing Analyses window, select dipac button in theAnalysis
field of the window. input frequency = 5.001 GHzléBweep type =
absolute. The form should look like this:

[ oosing Analyses = Virtioso
OK | Cancel Defaults: Apply Heip
Analysis - - tran ~ e o + hoise
- - ®f . SENS o ~tdematch - - sth
Pz «Bp - Bnvip . PSS
.~ pac -~ phoise - =t - psp
- PSS 4 gpac .- gpnoise . qpxf
< HPEp

Quasi-Periodic AC Analysis

sweeptype absolute . |

Input Freguency Sweep Range (Hz)

'Single-Point [1  Freq |5.0014

Because the sweep section of the QP35 analysis is aclive,
only a single point for this analysis is currently supported.

Sidebands From {Hz) 0 Clock Order
select from range — | 1 ey [100N 2 -

|side Fregquency FLO RF1

[ e—— ] p——
1 2 1 1
1 M -2 1
1 5M 1 -2
1 M 2 -3

LEnahled m Options... | EII
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Action8-11 Make sure th&nabled button is on. In the Choosing Analyses window,
hit thapply button.

Action8-12: In the Choosing Analyses window, selectdpaoisebutton in the
Analysis field of the window. Use a 1 MHz frequency pointla
Maximum clock order = 10. Set Output probe as PORA® Input source
as PORTO. Use the Reference sideband as (1 ()resent a
downconverted RF signal relative to the IF outpgnal, 1 MHz + 1 * f
(LO) =f (RF). The form should look like this:

™ Choosing A ﬂ.

OK | Cancel | Defaults Apply Help |

Quasi-Periodic Noise Analysis

Sweeptype absolute . |

Output Freguency Sweep Range (Hz}

'Single-Point [1  Freq |1M

Because the sweep section of the QP55 analysis is active,
only a single point for this analysis is currently supported.

| Sidebands

Maximum clock order . | |10
Output
probe . | Output Probe Instance | /PORT3  Select
Input Source
port Input Fort Source | /PORTQ, Select

Reference side-hand

Enter in field . | 14

LEnahled || Options... J
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Action8-13 Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.

Now your Virtuoso Analog Design Environment willlo like

_v \f"usuf.ﬁ:!." alog Design Envifonm =1 A
Status: Ready T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses v—if .
I |14 Type Arguments. . .ooi i Enable | __ |
i Rl L — — e
Cell wixer testbench | |1 _ gpnoise 10 1M /PORT3 yes it
- 12 gpac 5.0016 yes L :15
View  schematic 3 qpss FLOO RFlL 5 4 ves i o
Design Variables Outputs DEE:: =
l#  Hame Value 3 Name/Signal fExpr Value Plot Save March |
i semar 1 e _:
2 pxf -30 o
i3 plo 15
4 frfl L.00le =]
5 flo 56
{6 pacm -50 { A=
[ Plotting mode: Replace . | I |
L -
Action8-14 In your Analog Design Environment, chod&enulation—Netlist and

Rumr click theNetlist and Runicon to start the simulation.

When the simulation ends, we can check how thekbigcsignal affect the performance
of the Mixer.

Action8-15 In the Virtuoso Analog Design Environment, ChoBs&sults—Direct
Plot—Main Form

Action8-16 In the Direct Plot Form, select tiypac button, and configure the form
as follows:
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Plotting Mode Append |

Analysis
| .- 4pss @ gpac . - gpnoise

Function

| & Voltage -~ Current
.~ IPN Curves

Select Instance with 2 Terminals . |
SWeen

spectrum 4 variable

Signal Level % peak - -mns

Modifier

. Magnitude . Phase 4 dB20

B Real « Iiaginary
Freq. (Hz) FLO RF1 1
Output | H o -1
Harmonic
Add To Outputs 1

fregaxis = absout

LSElect Instance with 2 Terminals on schemaﬁc..d

Action8-17 Select PORT3. Here shows the Blocker Effect ohage Gain

November 2005

61

Buat Version 6.0



Mixer Design Using SpectreRF

| % orkshop mixer_testber o o chematic 3
File Edit Graph Axis Trace Marker _Zunn'_l Tools _I-_Ielp l
S e BEEE E e ] Labe | |
Quasi-Feriodic AC Response: Eﬁ
— e R E FIERY h=-1,0; gpac B2 00y peak)
-2
—27
—28{-
_29_:.
% ]
23
= ]
21
-2z
_gg_:.
-24 . i . i
—50 =<0 —30 =20 =10 0
prf o

Ea|:> graphl selected: double=cliclk to bring up attribute dialog.

I?_éﬁ_n_c_e_ﬁg

Action8-18 Close the waveform window.

Action8-12 In the Direct Plot Form, select tiqpnoisebutton, and configure the form
as follows:
oK | Cancel Help .
Plotting Mode Replace . |
Analysis
.- gpss . gpac 4 gpnoise
Function
: .~ Output Moise -~ Input Hoise I
4 Moise Figure -~ Moise Factor
.~ MFdsh .~ Fdsh
-~ NFiegg -~ Fiege
. Transter Function
Currently, only variable data is available
Add To Outputs| Plot |
Lﬁess_plut burtton on this form... J
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Action8-2Q  Click on Plot button. The waveform window appe&weuble click on X-
axis and change tt®wveep Varfiled toprf. Here shows the Blocker
Effect on Noise Figure:

4 REworkshop mixer testbenc pisy schematicFiglo !
File Edit Graph Axis Trace Marker Foom Tools Help
Sl BEOE R s [7]Labet | |
Casi-Periodic Moise Anaksis “sweepgpss-000_gpnoise’; freg = 1 MHz Fﬂ
— MF {freg=1.0E&)
1=
184
17
o 167
=
m ]
e
14
12
124 |

o I?_E_d_g_n_cg

Action8-21 Close the waveform window. Cli€kancelin the Direct Plot form.
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Intermodulation Distortion and Intercept Points

Mixer distortion limits the sensitivity of a receiwvif there is a large interfering signal
present that is within the bandwidth of the RF injdter (a characteristic known as
selectivity). There are two aspects of distortioat tare of concern:

] Compression
[ Intermodulation Distortion

The 1 dB compression point (CP1) is the point wileeeoutput power of the
fundamental crosses the line that represents ttpeiopower extrapolated from small-
signal conditions minus 1 dB. The 3rd order intptqmint (IP3) is the point where the
third-order term as extrapolated from small-sigraiditions crosses the extrapolated
power of the fundamental.

Intermodulation distortion occurs when signalsragjfienciesf, and f, mix together to
form the response &f, — f, and2f, — f,. If f, and f, are close enough in frequency,
then the intermodulation produc®s, — f,and 2f, — f, will be in-band and so will
interfere with the reception of the input sign&/Hen choosingf, and f,, perform a

PAC analysis to determine the bandwidth of theutiyand place them in the middle of
the bandwidth, close enough in frequency so ttet thtermodulation terms will also be
well within the bandwidth.) Distortion of the outpgignal occurs because several of the
odd-order intermodulation tones fall within the Qeudth of the circuit.

Intermodulation distortion is typically measuredie form of an intercept point. You
determine the 3rd order intercept point (IP3) tiohg the power of the fundamental

and the 3rd order intermodulation product versedrtput power. Both input and output
power should be plotted in some form of dB. Extiafgboth curves from low power
level and identify where they cross, that is thencept point. To make this determination
and to be comfortable with the accuracy of theltesyou must have a broad region
where both curves follow their asymptotic behavibihen in the asymptotic region, the
slope of an nth order distortion product will havelope of n. Thus, when measuring IP3,
the fundamental power curve is extrapolated frorer&tthe curve has a slope of 1 over a
broad region. The 3rd order intermodulation prodsieixtrapolated from a point where

its curve has a slope of 3 over a broad region.

In previous version of SpectreRF, user can usergpss-based or gpac-based method to
calculation IP3 in a system contains mixer and ldjpss-based method, three-tone
gpss analysis with LO, RF1 and RF2 frequencigs wrr1 andwrez IS run at a given RF
power level. IM3 of harmoni2wgrr1-wrrw oiS Obtain from the solution. Assuming RF
power is low enough and IM3 is dominated by leadirdprVge® terms,log(Vims) is
expected to be linear function lofg(Vke) with a slope of 3. IP3 is then extrapolated from
Viums. HereVius andVge are amplitudes of IM3 and RF signals, respectivelys method
requires very high accuracy to accommodate largamyc range between RF and LO
signals because they are mixed in the same solaictor. For large circuit, it also relies
on speed and convergence of multi- tone gpss.
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In the gpac-based method, a two-tone gpss anali/fisquenciasgri andw o is run
first. Then RF2 input is included as small signaljpac analysis to calculate IM3 at
2wrr1-orrz-wLo. AS in the gpss-based method, it also has to abueamic range
between RF1 and LO and depends on convergenceodbive gpss.

Compared to gpss-based approach, the gpac appexhates computation from three-
tone gpss to two-tone gpss plus a gpac by appfinsigorder perturbation to RF2 signal.
The amount of computation can be further reducegifreat both RF signals as
perturbation to the steady-state operating poibhCafrequency with zero RF input. In
this way, leading order intermodulation between RRd RF2 in IM3 can be computed
directly from third order perturbation.

In MMSIM60USR2, SpectreRF provides perturbativerapph to solve weakly
nonlinear circuit. The method does not require iekghigh order derivatives from device
model. All equations are formulated in the formrR§ harmonics. They can be
implemented in both time and frequency domains.

For nonlinear system, the circuit equation canXpessed as:
Lv+F, (V)=

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

u™ = y® — 1 D:NL(U(n—l))

whereu™ is the approximation of and it accurate to the order oref)(

Since the evaluation &y, takes full nonlinear device evaluationfofind its first
derivative, no higher order derivative is needdus®llows us to carry out higher order
perturbations without modifications in current devmodels. Also, the dynamic range of
perturbation calculations covers only RF signdlgives the perturbative method
advantages in terms of accuracy.
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Lab9: IP3 Calculation (Swept QPSS and QPAC)

Action9-1: If not already open, open teehematiosziew of themixer_testbench
design in the librarlRFWorkshop

Action9-2  Select thd?ORTO source. Uséhe Edit—Properties—Objectscommand
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 RF1
Frequency 1 frfl
Amplitude 1 (dBm) prf

PAC magnitude (dBm) prf

Action9-3  Click ok on the Edit Object Properties window to close.
Action9-4 Check and save the schematic.

Action9-5 From the Mixer_testbench schematic, start théudgso Analog Design
Environment with tA@ols—Analog Environmentcommand.

Action9-6 You can choos8ession—Load Stateload state
“Lab9 _IP3_QPSSQPAC and skip toAction9-12or ...

Action9-7:  In Vituoso Analog Design Environment, chodsealyses—Choose...

Action9-8  In the Choosing Analyses window, select dgipssbutton 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 | FAexible Balance

Fundamental Tones

| Harmonics Default |

evenfoddfall (for each mod. tone) or blank

Accuracy Defaults (erpreset)

M conservative | moderate | liberal
Additional Time for Stabilization (istab)

Save Initial Transient Resulis {saveinit} |no | yes

Sweep W Frequency Variable? ¢ no -

Varahle =, ' ......
Select Design Variable

: Sweep Range

Start-Sto - 2 =
> R Start | -50 Stop |-10
-~ Center-Span ! !
Sweep Type
# Linear 4 Step Size I
- Logarithmic .~ Humber of Steps =

Add Specific Points W -9 -8 -5 -2

LEnahled ]

#  Name Expr Value Slgnal_ SrcId Harms

2 FLO flo 56 Large PORTL 5

il RF1 fril 5.0016 Moderate PORTOD 4
'RF1  [frfl  [5.0016 Moderate . | [PORTO
Clear/fld Delete | Update From Schematic

Options... '
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Action9-9

Action9-1Q

Make sure th&nabled button is on. In the Choosing Analyses window,

hit thapply button.

In the Choosing Analyses window, select dipac button in theAnalysis
field of the window. Set the frequency of the snsadinal very close to
f(RF), for example 5.0011 GHz. In the Select frange option of the
Sidebands section, highlight the harmonics of eger_imit the
harmonics to second order in the large tone (SmtkGbrder = 2), from O
Hz to 6 GHz. The example does not use the 3rd haiwd the moderate

tone, so remove them from the list.

The form should look like this:

Ok | Cancel | Defaults Apply
Quasi-Periodic AC Analysis
Sweeptype absolute _'
Input Freguency Sweep Range (Hz)
[Single-Point [1  Freq |5.0011G

Because the sweep seciion of the QPS5 analysis is active,
only a single point for this analysis is currently supported.

_ select from range To {Hz) 1008 2

[side Frequency FLO RF1

Sidebands Eroin {HZ}I q | Clock Order

1 1.1M
1 1.9M 2 -3
1 2.1M -2 il

LEnahlEd m _Dptiuns... . J
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Action9-11  Make sure th&nabled button is on. In the Choosing Analyses window,
hit th@K button.

Now your Virtuoso Analog Design Environment willollo like:

L' Virtuoso® Ana
Status: Ready

T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses _% .
[ | e Ar e Enable | __ |
Library RFworkshop * Tepe Come ol
e — Al
Cell wixer testhench | |1 9pac 5.0016 i =i
|2 gpss FLO RF1 5 4 ves 1{|T
View  schematic -lx‘-‘rr '2
Design Variables Outputs [:EE:: '
[  HWame Value e NamesSignal /Expr Value Plot Save March =

pack

pacmag 1
frfl 5.001c
prf -30

- T By

o
o
plo 15
flo 1] | | ASE |
| Plotting mode: Replace . | |} |
L EJ

Action9-12  In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

When the simulation completes, use the Direct felture to view the results.

Action9-13 In the Virtuoso Analog Design Environment, ChoBs&sults—Direct
Plot—Main Form

Action9-14 To plot the 1 dB compression point, cliggssanalysis in Direct Plot
form. Select Compression Point. Select a pointhénlinear region for an
extrapolation or leave it blank to use default eallihe output harmonic is
(-1 1) or 1 MHz.
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OK | Cancel Help

Plotting Mode Append |

Analysis
¥ qpss . gpac

Function

| . Voltage - Current
.- Powier - Yoltage Gain
_~ Current Gain .~ Power Gain

- Iranscohductance . - Transimpedance
4 Compression Point . IPN Curves
- Power Contours .~ Reflection Contours

-~ Power Added ETf. . - Power Gain Vs Pout
« Comp. Vs Pout « Mode Complex Imp.
Select Port ( fixed R{port) )

Format Output Power . |

Gain Compression {dB) 1

"prf” ranges from -50 to -2
Input Power Extrapolation Point {dBm)
{ Defaulis to -50)

=

Input Referred 1dB Compression

‘Freq. (Hz) FLO RF1
0 0 0
1st ; 1M 1 1
M -2 2
Ord
er 3 -5 3
Hanmehic AM —4 d
4.9966 5 -4
Add To Outputs| | Replot |

|| > Select Port on schematic.. |

Action9-15  Select outpuPort3 on schematic. You then see the value of P1dBevalu
as shown in follows:
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") REworkshop mixer_testben;

"F.ile Edit Graph Axis Trace Marker Zoom Tools Help
SnEElFEE S 2w []Label | |

Juasi-Periodic Steady State Eesponse Fﬂ

— COmMpressionCuryes

0.

S
Input Eeferred 1dB Compression = —8. 88458

~10-

Part = */PORT 2"

1=t Orcler fregq = 1M

—'50- T T T T T T T T T T T T T T T T T T T T T T T T
=50 40 20 20 =10 4]
it B

L|> araphl selected: double-click to bring up attribute dialog: | J

Action9-18 Close the waveform window.

Action9-17 To plot IP3, seleagpac analysis in the Direct Plot Form, seléeN
Curves button, selecVariable sweep and choosé0 dB for the prf
extrapolation. If the first extrapolation point ysalect is not in the linear
range of the IM1 and IM3 curves, you might wanteset the
extrapolation point later. To plot the third ord@put referred intercept
point, set the first order harmonic to (-1 0) dt MHz, and the third order
harmonic to (1 -2), or 0.9 MHz. Since the mixedawvn-converting to the
baseband, the first harmonic is calculated as:

f(small signal) - f(LO) = 5.0011GHz - 5GHz = 1.1MHz

The third harmonic is at 0.9 MHz or -0.9 MHz depegdon the fregaxis
you selected in the QPAC Options form.. The formoutth look like this:
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Plotting Mode Append |

Analysis
./ 4pss # gpac
Function
| «,~ Yoltage .~ Current
4 IPN Curves
select Port { fixed R{port) )

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

"prf" ranges from -50 to -2
Input Povser Extrapolation Point (dBm) -4

input Referred IP3 . | Order 3rd . |
Freq. (Hz) FLO RF1 1
— = o G
Jrd [ 900E, 1 ~0
1.1M -1 1}
et 9.1 _9 1
Harmonic
100K o o ]
1st 900K 1 -2
; 1.1H -1 0
BrusE 2. 1M o 1
Hanmonic
Add To Outputs

Treqazis = ahsout

|| > Select Port on schematic... A

Action9-18 Select outpuPort3 on the schematic. The third order input referred
intercept point is calculated and curves of harrm®rersus prf are
presented as shown in below:
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E”3 RFworkshop mixer_testbench

File Edit Graph Axis Trace Marker Zoom Tools Help

SEEENFEBE » ¥ (L abet | |

Quasi-Periodic AC Eesponse Fﬂ

e

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

4] 1
] Input Referred IP3 HEE31
. B/ B
E-75.04
(wn]
=] ]
2 -100- Part = "jPORT3
ep = -40 =
Zrd Qrder freq = 200
-1254 -
1st Order freq = 1. 1M
=150 :
=175 — — T — — = — — 1 — T T — — 1
=50 -4 -30 20 -10 ]
prt (dBr
E araphl selected: double-click to bring up attribute dialog: | J

Action9-12  After viewing the waveforms, clicRancelin the Direct Plot form

Note:  For more accurate results, you may wanttterspreset = conservative when
setting up QPSS analysis. Initially, when you db know the exact location of
the linear region for IM3 and IM1, you may usepeeset = moderate to get a
better understanding of your design. When thealimegion is known, defining
a single point simulation with errpreset = conaéiie is typically more
accurate and less time-consuming.
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Lab10: IP3 Calculation (QPSS with Shooting Engine oFlexible Balance Engine)

To calculate IP3, the other way is to apply thedr@ two moderate RF input tones in a
single QPSS analyses.

Action10-1  If not already open, open tBehematioview of themixer_testbench
design in the librarlRFWorkshop

Action10-2  Select thd?ORTO source. Use the Edit—Properties—Objects command
to ensure that the port properties are set asidleddoelow:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type sine
Frequency name 1 RF1
Frequency 1 frfl
Amplitude 1 (dBm) prf
Frequency name 2 RF2
Frequency 2 frf1+0.1M
Amplitude 2 (dBm) prf

Action10-3 Click ok on the Edit Object Properties windowctose.
Action10-4 Check and save the schematic.

Action10-5 From the Mixer_testbench schematic, start théudso Analog Design
Environment with the Toolgwalog Environment command.

Action10-8 You can choos&ession—Load Stateload state
“Labl0_IP3_QPSS_shootingand skip toAction10-10o0r ...

Action10-7Z In Vituoso Analog Design Environment, chodssalyses—Choose...

Action10-8 In the Choosing Analyses window, select gpssbutton in theAnalysis
field of the window and set the form as follows:

November 2005 74 Bust Version 6.0



Mixer Design Using SpectreRF

0K | Cancel | Defaults| Apply Help|

Quasi-Periodic Steady Siate Analysis

Engine B Shooting | Fexible Balance

Fundamental Tones

'# Name Expr value Slgnal Srcld Harms
2 FLO flo 56 Large PORTL 5
i1 RrFl frfl 5.001¢  Moderate PORTO 2
'3 RF2 frfl+0.1M 5.00116 Moderate PORTO 2
FLO | flo | [56 . large | [PORTL |5
Clearfidd | Delete | Update From Schematic|

| Harmonics Default —
evenfoddfall {for each mod. tone) or blank
' Accuracy Defaults (ermpreset)
E conservative | moderate | liberal
Additional Time for Stabilization (istab) [

Save Initial Transient Resulis (savenit) |[no | yes

Sweep B Frequency Variable? ¢ no - yes

Variable —
! | Variable Name  pri

select Des__ig_r_l Yarahle

: Sweep Range

Start-Sto —— - —
> : Start | -50 Stop |-10
-~ Center-Span ¢

Sweep Type
¥ Linear .o atep Size 1d
-~ Logarithmic # Humber of Steps —

Add Specific Points

LEnahled [ =0ptjuns... ' J
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Note: gpss shooting simulation time increases proportipmath then number of
harmonics specified for the moderate signals.

Action10-2@ Make sure th&nabled button is on. In the Choosing Analyses window,
hit th@K button.

Now your Virtuoso Analog Design Environment willollo like:

v ‘u"_"usu@!." al Ll ol
Status: Ready T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outpuls Simulation Results Tools Help
Design Analyses _% .
[ | e Ar e Enable | __ |
Library RFworkshop * Tepe o ol
Cell wixer testbench |1  9PSS FLO RF1 RF2 5 S A =i
e
View  schematic -lx‘ T I
Design Variables Outputs [Ej '
[+  HWame Value e NamesSignal /Expr Value Plot Save March |
1 frfl 50016 | | ‘jyf
{2 pacm -50 or |
i3 pacmag 1
4 prf -30 =]
5 plo 15
6 flo 5@

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

Action10-1Q In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

After the simulations finish, plot the IP3 and cargpit with the results from Lab9
(QPSS plus QPAC simulations)

Action10-1% In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action10-12 In the Direct Plot Form, select thpssbutton, and configure the form
as follows:
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November 2005

QK. | Cancel

Plotting Mode

Analysis

4 gpss

Function

| . Voltage
.- Powier
_~ Current Gain
- Transconductance
.- Compression Point
- Power Contours
-~ Power Added ETT.

Append

=~ Comp. Vs Pout -~ Hode Complex Imp.
Select Port ( fixed R{port) )
Circuit Input Power - - Single Point.
4 Variable Sweep ('prf")
"prf” ranges from -50 1o -10
Input Power Extrapolation Point (dBm} | -4
Input Referred IP3 Order 3rd
'Freq.(Hz) FLO RFl  RF2
[ 0 ] 0 TR 2
Jrd 100K ] -1 : |
200K 1] -2 2
BHlsE 900K -1 201
Hahmehic | 1M -1 i 0
_ 1.1im =1 ] 1 |
; o o 2 =
1st 100K 1] -1 i |
200K ] -2 2
Orl
i 900K -1 2 -1
Harmonic | 1M -1 1 i
' 1.1M -1 0 1 B
fudd To Outputs| | Replot |

LSElect Port on schematic...

.- Current

- Yoltage Gain

.~ Power Gain

~,- Transimpedance

4 IPH Curves

.~ Reflection Contours
-~ Powrer Gain ¥s Pout
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Action10-13 Select outpuPort3 on schematic. The IP3 calculation results shoud lo
like this:

3 REworkshop mixer_testbench schematic 4 20
File Edit Graph Axis Trace Marker foom Tools Help
SRABENFEBE » ¥ []Label | |
Juasi-Periodic Steady State Eesponse Fﬂ
—trace="3rd Order’;ipnCurves —trace="1st Order’;ipnCurwes
0.
: nput Referred IP3 = -1 88015
s d 1clE/ clB 5 :
=500
5—?5.0-_ /dB,de
= ]
= ]
= —1004 Fort = "/PORTZ"
] Bl = =40 E
1754 ird Order freg = S00K
] 1st Order freq = 1.1M
- 1504 #
=175 ] — — T — — = — — 1 — T T — —
=50 -4 -30 20 -10 ]
prt (dBr
L|> graphl selected: double=click to bring up attribute dialog: | J

Action10-14 After viewing the waveforms, clickancelin the Direct Plot form

Action10-15 You can choos&ession—Load Stateload state
“Labl0_IP3_QPSS_FBand skip toAction10-22or ...

Action10-16 In Vituoso Analog Design Environment, chodssalyses—Choose...

Action10-17 In the Choosing Analyses window, selectgpssbutton in theAnalysis
field of the window.

Action10-18 In Engine filed, choosé-lexible Balance
Action10-19 In field of Function Tones, choose FLO. ChangeNuaxharms to 15,

because Flexible balance algorithmic need more traics to calculate.
Click Update.
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Action10-2Q0 PutlOnin the field ofAdditional Time for Stabilization (stab).

The form should look like this:

November 2005

CK | Cancel  Defaults Apply

Quasi-Periodic Steady State Analysis

Engine | Shooting M Rexible Balance
| Tones
'Name Expr  Value SrcId Maxharms Oversample Tstab |
[FfLo  flo 56 FORTL 15 1 yes
[RF1 frfl 5.0016 PORTO 2 1 no
RF2 frfl+0.1M 5.0011G PORTD 2 1 no
[FLo.  [flo |58 - [PomTl  [15 i yes . |
Upilate

Accuracy Defaults (enpreset)

B conservative | moderate | liberal

Additional Time for Stahilization (tstah)

Save Initial Transient Results (saveinit) [no | yes

Sweep H Frequency Variable? 4 no . - yes
Variable
variable Name | prf

Select Desi_g_n Yariahle

' Sweep Range

# Start-Stop
.. Center-Span

Start [-50 Stop [-14

Sweep Type

4 Linear
- Logarithmic

.o Bitep Size

1q,
# Number of Steps

Add Specific Points

Enabied M

Options... =
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Action10-21X Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.

Note: The following parameters are required by HB method:

1. Flexible Balance Flag:Harmonic balance engine shares the same PSS/QPSS
statement with time-domain engine and is invokedddying flagflexbalance=yes in the
analysis statement. A toggle button is availabteufer to switch between time domain
shooting and HB in ADE PSS and QPSS set up form.

2. Maximum harmonic: In PSS, maximum harmonic is specifiediarms. In QPSS,
it is specified bymaxharmsfor each tone. It is important to point out thatrha in PSS
and the first maxharms value in QPSS are outpatnpaters in time-domain method.
However, they are input parameters in HB methodrewe direct impact on the
accuracy and performance of the simulations.

A proper choice of the maximum harmonic dependsigmal waveform and circuit
nonlinearity. The faster the signal varies withdjror the more nonlinear the circuit is,
the more harmonics are needed to represent theosoaccurately. In multi-tone mixer
cases, since the large LO tone has higher powel flekan moderate RF tones and causes
more nonlinear effects, usually more harmonicsuaesl for large tone than moderate
tones.

Maximum harmonic also depends on the order of neali effect user wants to study.
For example, for mixer IP3 measurement, maxhammsawferate tones must be at least
set to 2 in order to capture the IM3 mode at freqy@w — w, — @, .

3. tstab: Similar to time domain shooting methdsitab 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 runHBT. Iftstab is set to O, dc results

will be used as initial condition for HB.

Oversample factoris optional HB parameter. In PSS/QPSS statemeeat,aas use
oversamplefacto=m to specify oversample factor. Spectre will oaenple and by actor
for each tone. As a result, size of Fourier tramafes increased by . For multi-tone cases,
user can also specitwersamples[m1 ,m2, m3, ...] to oversample the tones by fiacto
Size of Fourier transform is therefore increased Dgfault oversample factor is 1.

It should be pointed out that even with oversangpluser must make sure maximum
harmonic meets the accuracy requirement on relselis interested in.

Now your Virtuoso Analog Design Environment willollo like:
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i irtuoso® Aj _ - Ex
Status: Ready T=27 C Simulator: spectre 39
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design fnalyses _% .
TR [[¢  Type Arguments. . oocvaiis i Enable By
Library RFworkshop . Faan ]
Coll rnixer_testhe:nr.:h 1 OpEsE FLO EF1 RF2 15 -« YEE _J_I_:": 8
192
View  schematic -lx‘ % I
Design Variables Outputs [:Eg '
[# Name Yalue " Mame/Signal /Expr value Plot Save March __}
1 Ef S0 | el
12 pacm -50 o
i3 pacwag 1 p
4 prf -30 e
5 plo 15
‘6 flo 56 | Yor

| | Plotting mode: ~ Replace . | | bﬁ
L ks |

Action10-22 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 gpss:

Flexible balance

EEE T T iﬂitiﬂl rESiduﬂl X T
Resd Morm=2.63e+03 at node VLO harw={1 0 0}

drdeded sk iter e 1 EE RS E LR T 2

Delta Morm=4.18e+02 at node YLO harw={1 0 0}
Resd Noxwm=1.27e+02 at node LOp harwm={2 0 03

EE T iter = 2 EEE ST

Delta Morm=2.64e+02 at node ¥Vi:p harw=(2 0 0}
Besd Morw=7.37e+01l at node LOp harw=(2 0 0}

drdeded sk iter e 3 EE RS E LR T 2

Delta Morm=2.41le+02 at node ¥I:p harw=(2 0 0}
Resd Norw=1.04e+01 at node LOp harm={2 0 0%

g e gk e e e ok e ke iter = 4 EEE L T

Delta Morm=4.63e+01 at node ¥Vi:p harw=(2 0 0}
Besd Morw=2.57e+00 at node LOp harw=(2 0 0}

drdeded sk iter i 5 EE RS E LR T 2

Delta Morm=6.36e+01 at node ¥3I:p harw=(2 0 0}
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After the simulations finish, plot the IP3 and camgpit with the result from the one
simulated with shooting engine.

Action10-23 In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form

Action10-24 In the Direct Plot Form, select tiqpssbutton, and configure the form the
same as for shooting engine.

Action10-25 Select outpuPort3 on schematic.

The IP3 calculation results should look like this:

I F.ile Edit Graph Axis Trace Marker Zoom Tools Help
SEABRENFRBEE » 1 [7]Label | |
Quasi-Periodic Steady State Response Fﬂ
—trace="2rd Order’;ipnCurves —trace="1st Order;ipnCurves
0.
_____c,-ii
] Input Eeferred IPZ = -1 85363
-25.0
~50.0
g ]
E_?S.O_ /BIdE
(o] E
= ]
= 4 Port = "JPORT 2"
ot Bl = -40 i
] Zrd Order freg = 200K
-125+ T
1 Izt Order freg = 1. 1M
—150- T T T T T T T T T T T T T T T T T T T T T T T T
=50 -4 -30 -20 -10 g]
frf (dBr)
L|> araphl selected: double-click to bring up attribute dialog: | J

Note: The Flexible Balance engine provides same reasltsith the shooting engine but
in this case in a much reduced simulation time.rRolti-tone cases such as mixers, HB
is significantly more efficient than the shootin@ &S method due to its natural
representation of circuit equations.
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HB method is advantageous over time domain methddndling frequency dependent
components. In post-layout circuits with large amtoaf linear elements, HB also
demonstrates better performance than shooting. HemRSS HB is also advantageous
over time domain for weakly non linear circuitsr(&rongly non linear circuits, time
domain prevails).

For circuits driven by multi-tone stimulus, it istter to use HB QPSS other than HB
PSS.

As HB multi-tone simulation does not have the cogeace and speed issues
encountered in shooting QPSS, HB QPSS should albaysed to simulate multi-tone
circuits. HB PSS analysis using beat frequencyiaddmental is very inefficient in
handling multi-tone cases. When source frequeraseglosely spaced, their common
frequency is so low that hundreds or even thousahtdarmonics must be used.

Action10-26 Close the waveform window and cli€kancelon the Direct Plot form.
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Labl1l: Rapid IP3 (PAC)

Rapid Ip2/1p3 based on perturbation technologyreddeboth shooting and flexible
balance. It is new feature of MMSIM6.0USR2. Rapwi(IP2, 1P3) calculations are an
order of magnitude faster than using flexible beéaar shooting alone.

Action11-1

Action11-2

Action11-3

Action11-4

Action11-5;

Action11-6

Action11-7

Action11-8

Action11-9

If not already open, open teehematiosziew of themixer_testbench
design in the librarlRFWorkshop

From the Mixer_testbench schematic, start théudgso Analog Design
Environment with the Toolgwalog Environment command.

Select thd®ORTO 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 dc
PAC magnitude (dBm) pacm

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

You can choos8ession—Load Statgload state
“Labll Rapid_IP3_PAC and skip toActionll-11or ...

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

In the Choosing Analyses window, select pisebutton in theAnalysis
field of the window and set the form as showration2-6

In the Choosing Analyses window, select plae button in theAnalysis
field of the window. Choose Rapid IP3 as Specidlizaealyses. Set the
Input Source 1 to /PORTO by select PORTO on therselic. Push the
ESC key on your keyboard to terminate the selegirocess. Set the Freq
of source 1 to 5001M and Freq of Source 2 to 50013et the Frequency
of IM Output Signal as 0.9M and the frequency afdar Output Signal as
1.1M. The form should look like:
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OK | Cancel| Defaults Apply Help

Analysis -~ tran - e R -~ hoise
= o BENS ~dematch - - sth
Pz w5 -~ envip .- PSS
4 pac -~ proise o T <~ psp
- gpss - gpac ./ gpnoise . - gpxf
- qPER

Periodic AC Analysis

RS Hhead frosmrpaey CRY :5'3

Sweeplype absolute _'

Input Freguency Sweep Range (Hz)

Start-Stop . | start [5001H | mpep | SO0L.IM
Sweep Type

Auntomafic . |

Add Specific Points

Sidebands

Maximum sideband . | |20
Specialized Analyses
Rapid 1P3
Source Type . jsource . vwsource 4 port
Input Sources 1 [spORTO. | Select | Freqg 50014
Input Sources Z E;ﬁﬁiﬁ'[_[ . Select | Freqg 5001 1
Input Povwrer (dBm) Pam'ﬂ
Freguency of 1M Output Signal usﬁ '
Frequency of Linear Output Signal

Maximum Mon-linear Harmonics ||

Output 4 Voltage 4, [/TFp  Select
out- |[/IFx Select |

LEnahled || _ Options... J

Action11-10 Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.

Now your Virtuoso Analog Design Environment willolo like:
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Status: Ready T=27 C Simulator: spectre 8
Session Setup Analyses Varables Outputs Simulation Results Tools

Help
Design Analyses v—% .

I #  Type Arguements. .o a i Enable | .
IJh rks}]up — e - e e - e e e - | FTRHH
Coll wixer testbench |G 20 L.001¢ 5.001G ves A
- |2 pss 56 3 ves }j|%
View  schematic e
Design Variables Outputs I:Ej '
l#  Hame Value e Name/Signal fExpr Value Plot Save March ]
T — L
2 frfl 5.0016 o
i3 pacmag 1 E
4 pacm -50 =
5 plo 15
{6 flo 56 . [

| | Plotting mode: il Replace . | . b_{
= ==

Action11-1% In your Analog Design Environment, Chod&ienulation—Netlist and
Ruor click theNetlist and Runicon to start the simulation.

As the simulation progresses, note messages sirthdation output log window that are
similar to the following:

***************i{*****

IF3 measurement " pac'
khkkkAkhkkhkhkhkAhhhkhkhhhh

L.001000e+09 Hz
L.001100e+09 Hz
1.100000e+06 Hz
9.000000e+05 Hz

Imput RF1 freq

Imput RFZ2 freq
Output ML freg

futput IM3 freq

Using the operating-point inforwation generated by PSS analysis “pss'.

Notice from spectre during PAG analysis “pac'.
PORTOD: "“freq' temporarily changed from 5.001 GHz to 5 GHz to make

Linear oukbput:
fout = £an 2 - 1 * fimdamental

M3 output:
fIMI=2*finl - £fin 2 - 1 * fimdamental
Total tiwe regquired for pac analysis "pac' was 2.21 =.
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Action11-12: In the Direct Plot Form, select tiyac button, and choodRapid IP3. The
form looks like:

OK | Cancel Help

Plotting Mode Append
Analy sis

- pss @ pac

Function

- -~ Yoltage -+~ Current
4 Rapid IP3 - - IPH Curves

Resistance (Default is 50.) |[

Add To Outputs | Plot |

freqaxis = absout
E > Press plot button on this form... I

Action11-13 Click on Plot Button. The calculated IP3 appearthe waveform
window:

Periodic AC Response Fﬂ

—trace="2rd Order”;PAL Eapid IP2 Results —trace="1st Order”;PAC Rapid P2 Eesults
—trace="|P2";PAC Eapid IPZ Reszult=

25.07

-1 88dBm: 11.62dBm

E-50.0 oE folE
(=]
o ]
275 04

— 1004

-125-

~150 . . . .

-50 -40 -30 -20 -10 0
#0 (B

Action11-14 Close the waveform window and click cancel om Ehrect Plot form..

November 2005 87 Buat Version 6.0



Mixer Design Using SpectreRF

Lab12: Compression Distortion Summary (PAC)

Action12-1 If not already open, open tsehematioziew of themixer_testbench
design in the librarlRFWorkshop

Action12-2  Select thd?ORTO. Use the Edit—Properties—Objects command to
ensure that the port properties are set as deddoddew:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type dc
PAC Magnitude (dBm) pacm

Action12-3  Click ok on the Edit Object Properties window to close it.
Acrion12-4 Check and save the schematic.

Action12-5 From the Mixer_testbench schematic, start théugso Analog Design
Environment with th®@ols—Analog Environmentcommand.

Action12-8 You can choos&ession—Load Stateload state
“Labl12_CompDistorSmry_PAC’ and skip toAction12-11or ...

Action12-7 In Vituoso Analog Design Environment, chodsealyses—Choose...

Action12-8 In the Choosing Analyses window, select pissbutton in theAnalysis
field of the window and set the form as showiation2-6.

Action12-9 In the Choosing Analyses window, select plae button in theAnalysis
field of the window and set the form as follows:
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“hoosing Analyses - Viftuo

Ok | Cancel | Defaults| Apply Help|

Periodic AC Analysis
PR feal Sronmaing THsY 56
Sweeptype absolute . |
Input Frequency Sweep Range (Hz)

Single-Foint . | Freg | 5001M

Ardd Specific Points

Sidebands

Maximum sideband . | 2a

Specialized Analyses

Compression Distortion Summary . |

Contributor Instances Select
[AT19/M5 #TI19/M4 /T19/ME

Frequency of Linear Output Signal 1

Maximum Mon-linear Hammonics

Qutput 4 Voltage ... [/IF  Select |
- Current o '
out- | /IFn Select |

Enabled B Options...
L —

In the above form, the Maximum Non-linear Harmongaot specified, the default value
4 is taken.

Action12-10 Make sure th&nabled button is on. In the Choosing Analyses window,
hit th&K button.
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Now your Virtuoso Analog Design Environment willolk like:

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 T
Library RFworkshop . e
Celi mixer testbench ;1 e 20 >.0016 izl i
|2 pss 56 3 ves ﬂ;|%
View  schematic -lx‘-‘rr 2
Design Variables Outputs I:Ej '
l#  Hame Value e Name/Signal fExpr Value Plot Save March ]
i peE 30 i ' ﬁf .
{2 frfl 5.001c g
1 o
13 pacwmag 1 !
4 pacm -50 =
5 plo 15
{6 flo L | e
[ Plotting mode: Replace | I
Lﬂesults in ...rkshup!rnixerfsiinulaﬁun!mixer_testhenchfspectrefschemﬁtjc ' J

Action12-11 In your Analog Design Environment, chod&enulation—Netlist and
Ruor click theNetlist and Runicon to start the simulation.

As the simulation progresses, note messages sirthéation output log window that are
similar to the following:

EE AR LR LA LA E R L LT
Corpression stortion swwwary pac'
Frdddekdddk ke ke ke d ek kdak

Imput freq = 5.001000e+09 Hz
Output freq = 1.000000e+06 He

Using the operating-point information generated by PSS analysis "pss'.
fout = £in - 1 * fmdamental

Calculating non-linearity from all non-linear devices

Calcul ating non-linearity from I19.MG

Calculating non-linearity from I19.M6

Calculating non-linearity from I19.M4

Total tiwme required for pac analysis “pac' was 810 ns.

Action12-12 After the simulation completes, go to Virtuosoatwg Design
Environment, choosResults—Print—PAC Distortion Summary.
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Results Display Window shows up:

|Uﬂnduw Expressions Info

EPM: Corpression Distortion Summary =
{ Instance Distortion{dB) _l'
i Total 30.8712499212148u

[ #T19/M5 ~-6. 781929359387 98

FAT19/mMd -6.59098771398165n

/T19/M6 30.0569688867258u

LU 14

Action12-13 After viewing the results, close it by selectiwindow—Close
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Lab13: Rapid IP2 (PAC)

Action13-1

Action13-2

Action13-3:

Action13-4

Action13-5

Action13-6

Action13-7

Action13-8

If not already open, open teehematiosziew of themixer_testbench
design in the librarlRFWorkshop

Select the®ORTO source by placing the mouse cursor over it arukiclg
the left mouse button. Thethe Virtuoso Schematic Editor select

Edit—Properties—Objects... The Edit Object Properties window for the
port cell should come upt the source type to sine.

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type DC

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

From the Mixer_testbench schematic, start théudgso Analog Design
Environment with the Toolgwalog Environment command.

You can choos8ession—Load Stateload state
“Lab13 Rapid_IP2_PAC' and skip toAction13-12or ...

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 | Shooting _ | Flexible Balance

Fundamental Tones
|# Name Expr Value Sigual Srold

2 FLO flo 56 Large PORTL

Cearitld | Delete | Update From Schematic |

# Beat Frequency

: Auto Calculate |
.~ Beat Period

Output harmonics

Humber of harmonics .. 3

' Accuracy Defaults {errpreset)
_ | conservative Il moderate | liberal

Additional Time for Stabilization {tstab)

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

Oscillator

Sweep

Enabled W _D_ptjuns...

Action13-2 Make sure th&nabled button is on. In the Choosing Analyses window,
hit thapply button.

Action13-10 In the Choosing Analyses window, select plae button in theAnalysis
field of the window. In the field of Specialized Alyses, choose rapid
IP2. Set the Input Source 1 to /PORTO by select RlDéh the schematic.
Push the ESC key on your keyboard to terminatsekection process. Set
the Freq of source 1 to 5001M and Freq of Sourme5D01.1M. Set the
Frequency of IM Output Signal as 0.1M and the feggpy of Linear
Output Signal as 1.1M. The form should look like:
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OK | Cancel | Defaults | Apply Help|

Periodic AC Analysis
FE0 Hieal Srodnmeeny THaY 56
Sweeptype default . | Sweep is Currently Absolute
Input Freguency Sweep Range (Hz)
Start-Stop - | start [5001M Sap | 50011

Sweep Type
Automatic

Add Specific Poinis

Sidebands

Maximum sideband _ |

[ épE[.:i;';lji.ZE[.:i. H.najyses

i Ha_pid IP2

Source Type . -Isource - . vsource < port

Input Sources 1 [.-"PDRTq _Select | Freq 500174
Input Sources 2 .-"PURT[i . Select | Freq 0011"1

Input Power (dBm)  -30

Frequency of IM Output Signay | 0.1

Frequency of Linear Output Signal 11"1
Maximum Mon-linear Harmonics -ff

Qutput 4 Voltage ;. (/IFF select |
Out- | #IFi Select

LEHHIJIEd = Options... | EE

Action13-11X 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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Status: Ready T=27 € Simulator: spectre 8
Session Setup Analyses Varnahles Outputs Simulation Resulis Tools

Help
Design Analyses _% .

T (#  Type Argpments. ..o oo Enable me

Litrot thsiip = e = Pl
i i

Cell wixer testhench pac L.001¢ 5.001c ves =
|2 pss Si 3 ves + ] ]I,

view  schematic EE

Design Variables Outputs I:E:: '

4  Name Value e Name/Signal /Expr Value Plot Save March 3 ,':

{2  pacmag 1

i3 frfl 5.0016

{4 prf -30

{5

|6

o
o
a
plo 15
flo 56 . fiasE |
| Plotting mode: Replace | | :
i bﬂ

Action13-12 In your Analog Design Environment, Chod&ienulation—Netlist and
Ruor click theNetlist and Runicon to start the simulation.

As the simulation progresses, note messages sirthdation output log window that are
similar to the following:

Fddkkhkdkkkikdkkkikkkkikkk

P2 measurement " pac'
khkkkAkhkhkhkhkhkAhhkhkhkhhhi

5.001000e+09 Hz
L.001100e+09 Hz
1.100000e+06 Hz
1.000000e+05 Hz

Imput RF1 freq

Imput RF2 freq
Dutpnt TMl freq

Output M2 freq

Using the operating-point information generated by PSS analysis “pss'.
Linear oubput:
fout = £ in 2 - 1 * fimdamental

M2 output:
fIHM2 = £an 2 - £ in 1 - 0 * fumdanental
Total tiwe required for pac analysis "pac' was 1.09 s,

Action13-13 In the Virtuoso Analog Design Environment, ChoBssults—Direct
Plot—Main Form
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Action13-14 In the Direct Plot Form, select thac button in analysis field and choose
Rapid IP2 in the Function field.

OK Cancel Help

Plotting Mode Replace
Analysis

~Pss 4 pac

Function

. «~ Yoltage - Voltage Gain
- Current 4 Hapid IF2
~ IPH Curves

Resistance (Default is 50.)

Add To Outputs| | Plot |

fregaxis = absout

i » Press plot button on this fornm... u

Action13-15 Click Plot button.

Perindic AC Response

— Trace="2nd Order PAC Eapid P2 Fesults — trace="1s1 Order’; AL Eapid P2 Eesulis
— trace="|P2";PAC Rapid IP2 Fesuls

200
150@
1004
50.0@

0

OB

-50.0
~1007

=150

I
132.59dBm:153. 10dBm

1dB/dB

B/ B

- 200

T T T
=500 =250 0 25.0 50.0 F5.10 100

O (B

T
125 150

Action13-168 Close the waveforms window, cli€kancelin the Direct Plot form.
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Lab14: IM2 Distortion Summary (PAC)

Action14-1

Action14-2

Action14-3:

Action14-4

Action14-5

Action14-6

Action14-7:

Action14-8

If not already open, open teehematiosziew of themixer_testbench
design in the librarlRFWorkshop

Make sure the source type BIORTO is sine.

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source Type DC

Check and save the schematic.

From the Mixer_testbench schematic, start théudgso Analog Design
Environment with the Toolgwalog Environment command.

You can choos8ession—Load Stateload state
“Labl14_IM2DistorSmary PAC” and skip toAction14-10or ...

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

In the Choosing Analyses window, select pisebutton in theAnalysis
field of the window and set the form as you didRiapid IP2 simulation.

In the Choosing Analyses window, selectplae button in theAnalysis
field of the window. In the filed of Specialized Alyses, choose IM2
Distortion Summary. Set the Input Source 1 to /PORY select PORTO
on the schematic. Push the ESC key on your keylioastminate the
selection process. Set the Freq of source 1 toMGOM Freq of Source 2
to 5001.1M. Set the Frequency of IM Output SigreaDa M. The form
should look like:
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CK | Cancel | Defaults| Apply Help |

Periodic AC Analysis
PRE Soal Frespmnny (323 .- 56
sweepiype default . | Sweep is Currently Absolute
Input Frequency Sweep Range (Hz)
Start-Stop — | Start [500IM g | 5001.1M
Sweep Type

Automatic _ |

Add Specific Points

| Sidebands

Maximum sideband . |

I Specialized Analyses
IM2 Distortion Summary o

Source Type . isource . - vsource 4 port

Input Sources 1 .-"PURle  Select | Freg 5““1"1 ]
input Sources 2 | /BORT( . Select Fr'lat:|||]|]1-l"1

Input Power (dBm}) -3|j

Frequency of 1M Output Signal 01§

Mazimum Mon-linear Hanmonics ‘f

Output @ Voltage 4. [/IFg  Select
«, Current =i :
out- |/IFq Select |

LEnamEd m .Olptjuns... . J

Action14-9 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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Status: Ready T=27 C Simulator: spectre 8
Session Setup Analyses Variables Outpuls Simulation Results Tools

Help
Design Analyses _% .

[ t Type |3 ) o SO Enable E
Library RFworkshop . |22 ?R':HH
Celi wixer testhench X pac L.0016 5.001G yes _J _I_:": t

- |2 pss =1 H 2 ves 1j|+
View  schematic -lx‘ T
Design Variables Outputs [Ej '
[#  Name Value e NamesSignal /Expr Value Plot Save March Qﬁﬁfl
pact -50 :
pacmag 1

frfl 5.001G
prf -30

o
o
plo 15
flo 1] | | ASE |
| Plotting mode: Replace . | |}
L EJ

Action14-1Q In your Analog Design Environment, Chodsienulation—Netlist and
Rumr click theNetlist and Runicon to start the simulation.

- Ry

As the simulation progresses, note messages sirthdation output log window that are
similar to the following:

AR E L EEEEEEE L EEEEE L EEEEEEEEEEEEEE L LT
2 distortion swmary measurement ~pac'
hdkkkhkhkkkhkhkkhkhkkkhkhhkdkhhkhhkhhhkhhbkhhkhhhhhhkik
Input BF1l freq = 5.001000e+09 Hz
Input BF2 freq = 5.001100e+09 Hz
Output IM2 freq = 1.000000e:05 Hz

Using the operating-point information generated by PS5 analysis “pss'.
fIM2 =fin2-finl -0 * fmdanental

Calcul ating non-linearity from I21

Calculating non-linearity from I19.W5

Calculating non-linearity from I19.M6

Calculating non-linearity from I19.M4

Total tiwe required for pac analysis "pac' was 1.42 =,

Action14-11: In the Virtuoso Analog Design Environment, ChoBssults—Print—
PAC Distortion Summary.

The Results Display Window shows the PAC IM2 Distar Summary.
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Windows Expressions Info Help | 2B

Ebﬂﬂ M2 Distortion Suwmmary

| Instance Distortioni¥)
{Total TH2 Output 156.989694918248p
121 3.50611841052416a
LAT19/M5 389.1923359654530
[#T19/M6 258.5331221 29859

[ AT19md 389.192437529067n

The distortion is listed dB for each instance. Dugery low RF input power, the
distortion is very small.

Action14-12 After viewing the distortion summary report, s#oit by selecting
Window—Close

Conclusion

This workshop highlights how to use SpectreRF nausate a Mixer efficiently and
extract design parameters such as IP3, 1dB congngssint or port-to-port isolation.
Various techniques using PSS, Pnoise, PAC and @R&8Igses are being presented.
SpectreRF Flexible Balance and Time domain algmstlaccuracies are also
demonstrated and compared.
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