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SystemVue 2013.08 Fundamentals (version 1.2 — August, 2013)

LAB EXERCISE 1

SystemVue Basics

This lab exercise introduces the basic use model of SystemVue,
including using the built-in templates, running analyses and tuning

variables. It also covers some details about plotting data and using
markers and sliders.

There are no prerequisites for this lab exercise.
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Lab 1: SystemVue Basics

Lab 1: SystemVue Basics

IMPORTANT: This lab assumes SystemVue 2013.08 is installed on your computer
or you have access to it. If you are in a classroom, ask the instructor if you have any
questions. This lab uses version 2013.08 and should work for most versions
afterward.

1. Start SystemVue on your computer
a. Click the shortcut icon for SystemVue as it appears on your desktop, or use

the Start > Programs command to find and start SystemVue as shown
here:

» Al Programs Systemue 201308 [ o
st O i = @ S Vue 2013.08 I} S};:f;nf;uéue

b. After initialization, you will see the Welcome dialog for SystemVue - this
always appears unless you check the box at the bottom. For this lab, click
the Close button at the bottom. After this course, you can view the videos
and check for what’s new.

Welcome to SystemVue by Agilent @

Welcome to SystemVue!

Existing users

Click on the What's Mew button to see a summary of what's new in this latest version,

Hew users

Click on the Tutorial button to view a simple getting-started tutorial, | Tutorial |

Please consider watching the following short tutorial videos on basic functionality.

Select 2 file below and dick 'Play Video' ta watch it {or simply double-dick the file), | Play Video l
\Discovering - C++ Code Generation Discovering - RFEnvelope
|Discovering - Digital Filter Design Discovering - RFLink
|Discovering - FastCircuitEnvelope Discovering - SDR_Stepl_FixedPoint_IQmod
\Discovering - FIR Flxed Paint Discovering - SDR_Step3-4_IQ0mod_HDLgen_Co!
|Discovering - GettingStarted1 Discovering - SDR_Step5_Combining_HDL_with_
\Discovering - IBIS-AMI Modeling Discovering - Y2007 APG import

|Discovering - Introduction to Part Wiring Discovering - X-parameters
|Discovering - Math Language Models

|Discovering - MATLAB integration

Discovering - ModelBuilder

|Digcovering - ModelConfigurations

_ | Don't show me this again,
{Use the Tools menu Cptions command Startup tab to re-enable this dialog.)

Cose | [@ nep |

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

2. Data Flow and RF Architecture Templates

a. Now, you should see the Getting Started dialog (or Start Page) which gives
you access to recent workspaces, templates, example designs and videos.

Select the RF Architecture Template and click OK.

Getting Started with SystemVue - Please Select an Action

=

Open a recently used workspace |

Select a workspace from the fist on the right or |
More Workspaces below,

Click OK to continue,

E':..—E Mare Workspaces., .,

This area will show the most
recently used workspaces

11

Create a NEW workspace from a template

Mata Flow Temolate
|RF architecture Template
—

Select a template from the list an the right as the
starting point for & new workspace.

These are default templates — select the
RF Architecture Template and click OK

-

Click OF, to continue. l
i

Make This My Default Template |

Tutorials & Examples
Click an the Tutarial Videos button to view some short tutarials:

Click the Open Example button to open one of our many examples:

[C)

LY  openExample.. |

Tutorial Videos... |

| Don't show me this again, {Use the Tools menu Options

command Startup tab to re-enable this dialog.) F OK

J |

Cancel

| (@ bep |

b. Now you should see the RF template. It has a simple amp and source with
the analysis results plotted. It also has a note about how to use it. You can

experiment with it for a moment but do not save it.

@ systemvue™ 201308 ==~

NOTE: You will learn how to |2 4= sembar s v enfsearass onins :
. L~ Seht (o e ] | o spec out EEE ;

create schematics, analyses, A —Ls
and graphs as this class i :

proceeds.

For example, schematic items

| Read Me

=IBEr=

are inserted using Hot Keys or
the Part Selector and libraries
as you will soon see.

fining

“system1

System Simulation Template
m analysis (System1), and
e displayed on the graph (Spec |

ck diagram in
the slemants are positioned between the

ystem in a . /

the schematic. For a

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

c. When you are ready to continue,

click the Start Page icon at the top | £ Sytemiue™ 201308

Use the Start Page

left of your SystemVue window. File Efit View jjcht.alma't'icl to create another
This will bring you back to the CET IR W workspace
Getting Started dialog — also called S &) start Page...
the Start Page. Then select the " "wm_'&,
Data Flow Template and click OK NS .
at the bottom as shown here. st s ‘
the list on the right as the | 'nLTaie Efplate

. . = workspace, [
The Start Page icon makes it easy ]
to create new workspaces or | Make This My Default Template |
access others.

d. Examine the Data Flow template. Notice the Workspace shows several
icons for the schematic, data, analysis and note. Although the plots have
data, you must run the analysis again to update the results. Click the Run
Analysis icon shown here and watch what happens — the red description

goes away.

When the analysis is complete the red letter (old data) disappears. Next,

you will use these plots and the design.

o - (D AR @ .
o A,
[ systemvue™ 201308 /
File Edit View Graph Action Tools Window Help b RI"\AM']‘S!E B
& 65 B3l 0 v |3 = m =
Si5E 4ns 90 3¢ BEE - T=0 b & Run one or mare analyses =
{7 Design — = =4
NGO E-Ee | g
[ R, 2
i e Data Flow Template -
P L) @ Data] Agilent T % Template -
| Lo ata (DFL) =
73 Designs This template is a simple example of a Data Flaw workspace E
i L/GDE:’B"“S"‘”“"" that can be used as a starting paint to create more complicated £
=124 Graphs desi £
{4 signal o )
| i Spectum The "Design1” design has a SineGen source connected to a 5
— . Sink and The gray
Schematic “Epactrn” showilie 408 s tima thf
Workspace Tree < | || spoctrum razpacively Note
. 4 signal = (@ £ | = Spectrum (=2 EoR =)
Plot remain but
. T Fa il i 7an "
data is marked as bR
Old Data — run the /28| S | | 21 e i e 2
. ) R % I |
analysis to update |, Graphs
& n K . i (| I ‘\' =, I y -
55! S . ! O
MO T—— : %8 I‘. 7 ‘\ Y /‘ 7 7 -
S e
Erwa[z Simulation Log Compilation Log Equation Debug PP
Rei_dy CAP NUM SCRL

Copyright 2013 Agilent Technologies
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3. Graph Properties

a.

. With the marker still highlighted, press the keyboard

Lab 1: SystemVue Basics

A Spectrum =)o ]

100

Look at the Spectrum plot. Then click on the spectral
peak and notice that a maker is added as shown here.

é

[=]
el

|
5]
=]

-100
-150
-200
-250
-300

The default X-Axis is in Hz but you will change this -s-snwmmmm
-400

next. 0 100 200 300

Frequency (KHz)
—— Spectrum_Power

Delete key and the marker will be deleted. Then add
the marker back again. Now you know how to add and
remove markers.

Spectrum Power (dBm)

. Double-click in a blank area of the plot and the Spectrum properties dialog

will appear.

. As shown here, type in a title for the plot: Baseband Spectrum. Also,

change the X-Axis units to MHz as shown here and click OK. Now you can
see the mathematical noise floor in MHz around -325 dBm.

[ lr_vl’] Spectrum Properties w

Mame: Spectrum Graph Type: | a4 Rectangular Graph v

Graph Title: || show all Columns

Context Variable Color

[ Edit. || Remowe |DFt_Designi_Data Spectrum_Power | e
[ Add.. | = Type here or click Add =

X -Axis _v_mﬁ's |
X-Axis

4 Spectrum = |:> [Units:lﬁﬂ

100 # Divisions: 10
50

-50 |

Y] () = .

(dBm)

-150
-200
-250

-400

¢ 005 01 015 02 025 03 035 04 045 05
Frequency (MHz)

pectrum_P ower
'
1

5
W

moo
(==

Spectrum_Power
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Lab 1: SystemVue Basics

4. Editing Schematic Sink Properties

a. In the schematic, click the icon to maximize the window.
b. Double-click the Spectrum Analyzer sink. Notice the Workspace tree

shows the red Old Data — this happens whenever the system recognizes
that something is about to change, and the data might be out of date — this

H- T B B-E-e
Data Flow Template

=142 Analyses
£ % DF] (Designl) [Old Datal Spectrum {SpectrumAnalyzerEnv@Data Flow Models}
: [=] DF1_Designl_Data (DF1) [Old Data] Mode=TimeGate
BE Designs Start=0s [Start_Time]
G{o}f—i DE;'Sﬂl (5chematic) SegmentTime=1e-3s [Stop_Time - Start_Time + Time_Spacing]
- raphs
is OK.

c. In the Spectrum Properties dialog, uncheck the box to Show Model and
also uncheck the boxes for the three time parameters as shown here. This
will clean up the annotation on the Spectrum component in schematic.

e W
Designator; Spectrum [ Show Designator
Description!  spectrum Analyzer for Complex Envelope Signals .
Model: SpectrumanalyzerEnv@Data Flow M:> .w Madel
N Use
Hame Value Units Default Defauit Tune | Show

liode I TimeGate () I TimeGate [F L [
Start Start_Time |5 Start_Time s i SI1E
SegmeniTime Stop_ Tima - Start_Time + Tim |8 Stop_Time - Start D |:'|' | |
NumSegments L) 1 W] [
Overlap 6o [{) 0.8 & |
Window 0: Uniform () 0:Uniferm [ i
FStart 00 [Hz 0.0 Hz ] ]
Fstop 100.0=8 [Hz 100.088 Hz F 1
SpecirumType 1:Power/Phass () 1:Power/Phase [ |
RefR 500 [Ohm 5000 [l [
Persiztence Data_Persistence 8] [ata_Persistence W] IFl M

Spectrum Analyzer

o

L=]
cocs )]

Spectrum

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

d. Edit (double-click) the Sine wave generator as shown here. Change the
frequency from 5e3 Hz to 5 KHz as shown here. This is a reminder that you
always need to delete the exponent form (e) if you use change the Units,
such as KHz, so that the values do not multiply. Do not click OK yet.

Hame Value Unit=
Amplitude 1 (W
Offzet 0V
Frequency 2ed |(MHz -
Phase 0 | (MHz)
{SineGen@Data Flow Models} ShowAdvancedParams| 0:NO Hz I
Amplitude=1V M
Offset=0V MHz
Frequency=5e3KHz [] show Designator Ghz
TH=z

e. Uncheck the box to show the S1 designator and then click OK.

f. Edit the SineWave sink and uncheck the box to Show Model and click OK.
Removing unwanted text makes it easier to read.

'SineWave' Properties w

Designatar:  SineWave

V| Show Designator
Deseripion:  pata sink

Model: Sink@Data Flow Mode£>w Model @
b Madel Help Use Model |
: =a—> _ C
SineWave {Sink@Data Flow Models} SineWave
StartStopOption=Auto StartStopOption=Auto

g. Click the zoom icon or use the keyboard shortcut z to Fit to and then select

the sinks and move them to the right to make room for more components.
Next, you will add noise.

:4p B oL b ¢ Q [ [IES S e oo dh

L
[ ¥ Zoom To Fit Selection ]

s
/\/ ’1 1

. SSmer‘:u;."ave Ny
Smecen@oaren [ select (rubber-band) the —> | o
Offset=0V sinks and move to the riaht i —

Frequency=5e3KHz 1

5 Spectmm

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

5. Inserting Components: Hot Key and Part Selector

a. Press the A key on your keyboard and then click in a blank area of the
schematic and the Adder will be inserted as shown here. If not, click in the
blank area first and then repeat. You will get used to using Hot Keys.

b. After you insert the adder,
delete the wire between
the source and sinks:
select the wire and then
use your keyboard delete

~l -

A1 {Add@Data Flow Models}

Insert the Adder with
the hotkey “A”. Then
delete the wire

key {SineGen@Data Flow Models}

Amplitude=1V
Offset=0V
Frequency=5KHz

»>(123

SineWave
StartStopOption=Auto

Spectrum

c. Connect the Adder as shown here — notice how the pins and wires
change color when connected. The Adder is required for the next steps.

{SineGen@Data Flow Models} A1 {Add@Data Flow Models}

Amplitude=1V
Offset=0V

Frequency=5KHz \

/

Attach the Adder to the left first, and then
drag it to the right to connect to the sinks

d. Select the command: View >
Part Selector and it will appear
in your window. Notice that the
Algorithm Design library
appears by default. Next, you
will be inserting components.

SineWave
StartStopOption=Auto

Spectrum

— Algorithm Design =
(o] et '
Part Selector [}, Cirls Shift-A [<au> -
o @
Filter By:
[ - a|
The Part Selector appears on . “E: 5 =
. . | Abs_M Absolute Value M= ||
the right side by default | 46k Adeptinuent  Adaptve tinear G |
i ~{r- add Multiple Input Adc
| i AddEny Envelope Signal A
| 25 addcuard OFDM Symbol Gui

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

e. Type the word Noise in the Filter By field and click the Fier By:
green arrow Go. Immediately, all the noise components ' Noise |
from this library appear. oo e

Hfudd Motse Density to,..
- Nondnear Armplfier w, .
oo TIDY Goamsian Mokse .,
+ 10 Uriform Noise W...

Mazrs 1= Bbw s

FEiE

PPe9r ¢t
(88

f. Place your cursor in between the Name and Description
panel as shown here and move the panel so you can see
the complete Name or Description.

Use the cursor to expand the panel: %

g. Select the IDD = addDensty  Add Noise Density to.
Gaussian Noise ' L 5~ Ampifier Nonkinear Amplfier w.

) AmplfeerEE Baseband Polynomial,
com ponent and i |Iﬂ_ﬁaﬂ|$::‘2:§\£:|:ﬂ¢wﬂﬂw: Y ! % Gaussianiois.., GaUSsian Noise Gane,
drag it onto the jan 11D Gawssian Noise ..

. . [rdormn 1D Uiriform Nomss W,
schematic. Notice MMy NCica Garmeaor soph
the cursor shows : . > PH_ Pseudo noise sequen,
the + sign as you L : =
drag |t and then 1 (S %ﬁlz&kﬁmnum Al [(AddE@Oata Fioe Mok
click to insert it. Fromiensjs St

h. Click the wire icon (connection line) to connect the IDD noise directly to
the input pin (not the wire) of the Adder. Next, edit the IDD noise
component and change the StdDev to 0.1 V.

Name i
o - StdDev X
@ Offset v
ShowAdvancedParams |0:N0 ()
11{lID_Gaussian@Dsts FlowModel} ™. 11 {lID_Gaussian@Data Flow Modek}
StdDev=0.13v Y StdDev=0.13V

<i
=
3
=
w

b~
=
<

Nt

(

{SineGen@Dsta Flow Modes) A1 {Add@Data Flow Modek} {SineGen@Dats Flow Modeg) A1 {Add@Dsats Flow Modek} StartStopOpton=Auto
Amplitude=1v Armplitude=1V
Offset=0v Offset=0v

Frequency=500KHz Frequency=500kHz

NOTE: The wires and pins have different net or ID names. You can move
your cursor over the wire and the Net information
will appear as shown here.

Met: 1

Connected Terminal(s):
= Sl:output (real, out)
= Altinput (anytype, in, bus)

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

i. Click on the Save As icon and save the workspace as: Signal Analysis.

File name; Signal Analysis.wsy

Save as type: | Workspace Files ("wsv)

= Browse Folders

6. Windows, Dockers and Views

a. To restore the previous view, click the corner Restore View button.

Help
Tile Horizontal |, EEEE'#E@ G NN, Y ]
T i1 ’m
Tile Vertical | [B show/nide dockers iF7) | [4.* Zoom To Fit All (7] |
Cascade

b. Use the commands Window > Tile Horizontal or Tile Vertical — you will
use these often after maximizing different windows.

c. Use the Show/hide dockers icon and the Part Selector (docker) will
appear or disappear.

d. For individual windows, use the Zoom to Fit All icon to see all the contents
of the window (such as the schematic).

Next, you will run the analysis.

LR
P b Wiy el et Wl - Wil Hdfs
‘A ALB 9~ o HE> #-0 P SN L&A QIR -
T e [ | S
.50 6@ - il [

13 Signal Analysis e

244 Analyses

#i DF (Designl) [Ofcl Duta]|

| | (33 DF_Desiged_Dasa (DF1)
2423 Designs.

| L Designl (Schematic)
43 Graphs
| e Signal

= ©

Veriable | Value Data Flow Template - || -

Step Size 1 Agilent Technologies SystemVus Template E “f

[Fone [ ] Workspace -

Saved Tune States - !—E

E P36 1 i complatio . il extvgte of s P

- | | Flowworkspace that can be used as a starting 5

Analyses To Run {AutoRecalc) pelii o kel = ksigis %;

3% oFr @

g

The "Design1” design has a SineGen source &
connected to a Sink and a Sp
The oraohs "Sianal’ and "Soectum” show the

| Compilation tog | Equation Debug |

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

7. Analysis and Results

a. Click the Run Analyses icon and observe the results
with random noise added to the signal. As expected,
the noise appears on the traces.

|_§v; & - O

l = Run Analyses

Run one ar mare analysas

2 10
1.6 2
1.2 -6

NN Y

0

=
L

SineWave

o LN YNy

-46 111 i

Spectrum_Power (dBm)
[e<]

-1.6 62
-2 70
0 100 200 300 400 500 600 700 800 900 1000 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05
Time (us) Frequency (MHz)
— SineWave — Spectrum_Power

In the next steps you will learn how to tuning works in SystemVue.

8. Tuning Source Frequency

a. Edit (double-click) the signal generator (S1). In the Properties dialog,

check the box for the Frequency parameter as shown here — click OK.
Notice the schematic symbol now shows Frequency in green (tunable).

Designator: 51 [~ Show Designator
Description:  sine Wave Output =
Model: SineGen@Data Flow Models - Show Model
[,_3 Manage Models... ] [@ Mode! Help ] Use Model E
N Val Unit Default se |1 sh
ame alue nits au Default une ow

Amplitude 1 (v 1V [l [ Fi
Offset oV v ] [ 7]
Frequency 5 |KHz 5e3 Hz [ 7] 7]
Phase 0 [deg [HIE B [

b. Click the command: View > Tune and the Tune
Window will appear (bottom left) showing the S1
Frequency variable, the default step size and the
analysis. The Analysis was already set up with the
template.

[ View |
v | Tune L\\) Ctrl+Shift+T
Workspace Tree  Ctrl+ Shift+W

c. Inthe Tune Window, check the box to have the DF1
Analysis perform an AutoRecalculation as shown
here. This will allows the analysis to run every time
you change the tune value — as you will soon see.

Copyright 2013 Agilent Technologies
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{SineGen@Data Flow Models}
Amplitude=1V

Tune Window

Offset=0V

Frequency=5KHz

v & B B-@

Variable

Value

Step Size -

1

51.Frequency

5

Saved Tune States

Analyses To Run (AutoRecalc)

-

-

48 DF1

Analyses To Run (AutoRecalc) hd

Eé DF1




Lab 1: SystemVue Basics

d. Be sure you can see the signal plot. Try dragging
the corner of the plot to make it a little bigger — you
can resize it later.

e. In the Tune Window, slowly press the up arrow
button for the Value of S1 Frequency, increasing it to

SineWave

. os L | Y
about 9 or more to see the increased frequency RPYEEA L JEWD JESA J
trace. You will also see two Y- axis labels: pe-
. . . . . 0 100 200 300 400 500 600 700 300 9001000
SineWave, Original SineWave. The light red trace is Time (us)
. . — SineWave =T
the tuned value and the darker red is the original.
Tune Window x A fo e
.- . v & B- B~ @ = =
NOTE: The original trace is — 2
. ariable Walu €
also called a checkpoint. e 2
SystemVue allows you to 51frequency | © § o0 i-pl_, =4 \_ff\l
save or checkpointldata Saved Tune States - ; P AR T Vj IERC 1
(traces) for comparison to PETTTeTe ] [|Rae E RIS TR ¥ 1”{ ] ;ql
other results. e/ “lo y ¥ V v
38 :
Press the arrow buttons to tune The darker trace o 600 TOC 0D 900 1000
the value, or enter it directly -1 |4 shows the original E! —
--——- Driginal SingiWave

f. To remove the original 5 KHz trace, click View > Toolbars and make sure
Show All Object Toolbars is turned on. Click the icon shown here:
Remove the graph checkpoints. Notice the only new tuned trace appears.
Now, select the plot (activate it) and press your keyboard C key this will
make the current trace a checkpoint. Try tuning again and using the C hot-
key or the icon to get used to using this checkpoint feature. Spend a few
minutes on this and then move on.

[gl‘m@m? A BE R £ K=

Evm] K, Remowe the graph chackpoints () |

Toclbars * | & Main

: Use the toolbar icon or the hotkey C to
SO AN Fosten toggle the checkpoint feature On / Off

Hide All Object Toalbars

Copyright 2013 Agilent Technologies
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9. Plot and Marker Properties A Spectrum
a. If needed, use Window > Tile i
Horizontal and then edit (double- -0
click) the Baseband Spectrum plot. &-10
In the Y-axis tab, uncheck the box i "
for Auto-Scale and set the scaling £ 40
as shown: -80 to 20 dBm - click OK. Eso
This is because the peak is probably || £<°
at the top of the scale. N EE i
o0 [Logarithmic Label:
Advanced...

Lab 1: SystemVue Basics

Double-click the plot and set the
Y-axis scaling to: -80 to 20 dBm

( vin: w0 Max: 20 Juits:[dem = |

#Divisions: 10

[ OK

) e |

]

b. Notice that your marker is probably no longer on the peak after tuning. To
set the marker to stay on the peak value, right-click the marker readout
and select Marker Properties as shown here. Select Peak and set the
marker search range Aperture Width and Height to 100 % and click OK.

o4 Spectum e e |

e R o =
o o d b o B

. ! |I| Fl |i‘ In Marker Font...

Marker Properties... %

(Iiuccleurn_ P geaier i M My

| e
-

i
-

Graph Properties...
0 0,05 01 015 0.2 ewwrene e e e
Frequency {MHz)

Boasi_Fowe

’
ﬂ Spectrum

c. Try changing the Frequency
value (use the tuner button)
again and notice that the

marker now stars on the peak.

j_mmﬁd

Te—

2':' ! Peak/Valley Aperture (global shared setting)
17 de !
g ture Width: 100 3%
E: ! Aper
= 11 Default
Aperture Height: 100 %
" Standard
- I Bandwidth
- 0 005 01 0.15.0 @ Peak
Freq
B valley
Tune Window x 1~ Spectrum
v & B & e ;
Variable Value 1:]
Step Size = 1 _ 5_1 .
S1.Frequency 16 e %_23
=
Saved Tune States - ﬂé 30
40
Eso {1 [ ]
Tan
Now, the marker tracks S0

the peak value

Next, you will use the slider to tune the noise standard deviation value.

Copyright 2013 Agilent Technologies
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Lab 1: SystemVue Basics

10. Tuning with Sliders

a. Edit the Gaussian Noise component and make the StdDev variable
tunable and visible as shown here — notice it appears in green on the

Hame Value Units Default Dg:;m Tune | Show

StdDev 01|V 1V |

Offset 0w 0w M M

ShowAdvancedParams |0:NO () 0:ND [l [l 11 {lID_Gaussian@Data Flow Models}
schematic.

StdDev=0.1V

b. Look in the upper left corner of the SystemVue window and click on the
Show/hide Annotation Toolbar. This toolbar has the slider you will use

next.
o LH b 4Qr (Hmes s "\ gEEm H-L-A-=S=80
5 5
[A.E' Show/Hide Annotation Toolbar}

ﬁ Slider [adjusts parameters) ]

. Click on the Slider (adjusts parameters) icon to activate it. Then click in the
schematic (next to the Noise component) and use your left mouse button to
drag the Slider to a reasonable size. Then edit (double-click) the slider and
set the Max to 1, check the box to Hide name prefix (this eliminates

unwanted text), and select the 11 StdDev variable as shown here. Click
OK and the Slider is ready to use.

i~
| kS Sider Properties

3 Slider (adjusts parameters) | variable: StdDey

Ve Y i

Mir: 0
> - Orientation:
ﬂ | & )
100
Urits: ¥ -
: St s Variakle /

% L o [ B Number of Tics: 5

- .D = BcSe=l n

;ﬁ'l Run simulation{s) when tunsd Fies by
by
| Variable Path
2 Designs\Designl
QL stdey
Ll
StdDev
0w
0 11 {1D_Gaussian@Dara Fiow Mogeis}
StdDev=0 1V
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Lab 1: SystemVue Basics

d. Now that you know how to insert a tuning Slider, go ahead and insert
another Slider for the signal generator frequency, as you did for the
Nose StdDev in the last step. Select Frequency with a max of 500, and
check the boxes for Hide name and Snap to integer. Refer to the step
above if needed. Your Frequency slider should look like the one shown
here. Your schematic should now have both sliders ready to use.

. 4
Slider Properties [
StdDev
0.1V vma@ -
1 | &=
Min: @
. Orientation; | Vertical -
: Sider Labels
g 11 {10_Gussizn@Osta Fow Misses] Wbz, | & showal
- D, W Mumber of Tice; 5 | j Hide Al
i Frequency = R e e ,
! OKHz || Pun simulation{s) when tuned || Shaw varisble name
300 : | -_! Hisnlz:lnnn szarianle nAme [¥| Show variable value
4 b | | [ /] Hide name prefix -
E [ dilaraiad] || Show min and max
: [SreCar@Dsis Siow Massiz]
: [o— || Snap to integer values || Show units
i 0 Ciser=0V
i [ ok ][ canea |

—

e. Move the slider controls and observe the effects on the plots. You can also
try toggling the checkpoint feature on or off as desired.

-

HSpedmm = || &= .“ 21 | aSIgnﬂ | l:l.”.E I
‘_ o -

{0 T [ H

& 191 1.6
% 8 T2 — -

21 3.6
T oy a4

5 £
&4-32 = 4
E 3s

-3 [FER

Wi E
25 LERE

s L 12 t

S &

s .

“ Bl -2

g 0 005 01 01502 025103 03504 04505 0 100 200 300 400 500 S00 70O 800 500 1000
o Frequency MHz) Time {us)

Pomctus Pome: &= 0 - Onginal: Spactrum_Pt SnaWEve

NOTE: As you move the sliders, the spectral plot may jump around as it
autoscales the data. Double-click on the plot and deselect the Y axis Auto-
Scale to prevent this if desired.

f. When finished, save your workspace using Ctrl + S.
You will use this workspace for the next lab exercise.

END OF LAB EXERCISE

|l save (Ciri+5)
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SystemVue 2013.08 Fundamentals (version 1.2 — August, 2013)

LAB EXERCISE 2

Envelope Analysis and MathLang
Basics

This lab exercise introduces SystemVue MathLang, FM analysis
techniques, and data plotting. It also covers useful details for building
designs, analyzing data, and avoiding errors from incorrect settings.

Prerequisite: Lab Exercise 1 (workspace is required).
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SystemVue
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{’} Agilent Technologies
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Lab 2: Envelope Analysis and MathLang Basics

Lab 2: Envelope Analysis and MathLang Basics

NOTE: This lab requires the previous workspace from Lab 1.

1. Examine the Signal Analysis Dataset

a. Datasets contain all the analysis data. In your Signal Analysis workspace
tree, edit (double-click) the dataset icon as shown here. For example,
click on the Spectrum Power variable and you see the index number
(beginning at 1), the frequency and the power in Watts. The purpose of
this is to show the dataset contents for Design1. Next, you will use it to

write some equations.

Heo 0O B-E-@

- 128 Signal Analysis
= £ Analyses
. 33 DFI (Designl)

=1 DF1 Designl_Data (DFL)
=44 Designs L

1:_‘/ Designl (Schematic)
= &3 Graphs

DF1_Designl |
From: DF1

Data (DataSet)

. # signal
. & Spectrum

E| Mote

. DFL_Design_Data

2. Add an Equation to the Workspace

a. In the Workspace tree, right-click the workspace name, Signal Analysis,
and click: Add > Equation. Type in the name SNR for Signal to Noise
Ratio and click OK. Notice the new window that appears, ready for your

equation.
D0 8-E-e
=z Signal Analys L
Analyses Add b | 4 From Library..
an DFL (Dest!g Close Workspace Aty
DFL Desig| Clear All Errors b
Designs -
{7~ Designl (5 Paste Evaluations
Graphs Code Generators
d il = Add Graph...
E 75‘] Spectrum i b
E jj Mote
Equation... [}
Ef.

'Ll Equation Properties ﬁ1
Mame: SNR
Description:
Font: | Courier New:3.0pt |
o) [(concet | [ w0 |

Yariable Index Spectrum_Power (dBm)
LogCutput="Data Flow Analysis... 1 -44 462
SineWave 2 -43 597
SineWave_Time 3 -31.478
Spectrum_Phase 4 -33.756
Spectrum_Phase_Freq | -35 089
Spectrum_Power 8 -36.382
Spectrum_Power_Freg T 29725
3 -34.124

9 -38.819

10 -27 729

e SNR

Lo 2 ]

Units. Use Display _|(Go|[ Debug
Up to date

W

3

Copyright 2013 Agilent Technologies

3




Lab 2: Envelope Analysis and MathLang Basics

NOTE: By adding the equation to the top level workspace folder, they are
available everywhere. For eample, if you add the equation under the analysis
folder, they will calculate correctly, but won’t be available in the other folders

3. Use MathLang for SNR Equation

a. In the SNR equation window, beginning at line 1, type in the following Math
Language syntax that is compatible with other math languages — type all 11
lines as shown. When finished, press the Go button on the left.

5o SNR o) o ]

Units: Use Display|(Go) Debual % Equations to calculate che SNR -
NOTE: If there are any errors, v 5 ety car oe
you will see a message with the - £] oL Yot = "
line number as shown here. = G T Tosion |

rror
B | Error on line 3 Object 'DF1_Design_Data' is either not found or is an invalid context. | SNR (Equation) | Show |

V| Automatically Display Errors 7| Show Graph and Table Errars () [& Clear All Errers ]

Errors | Simufation Log | Compilation Log | Equation Debug

Syntax and results for calculating SNR of the baseband spectrum:

I

%42 Equationl ,
1 % Equations to calculate the SNR

[ Units: Use Disolaw | [Go | [ Debua | 2 clear;

Up to date 3 using ('DFl Designl Data')

Variable 4  [SigPwr,Indx] = max (Spectrum Power) ;
Indzx=183 5 Len = length(Spectrum Power);
Len=301 6 NP1 = sum (Spectrum Power (1:Indx-1));
Mame = Char [1x4] 7 NP2 = sum(Spectrum Power (Indx+l:Len));
NP1=2 TG5e-3 8 Tot Noi Pwr = (NP1+NP2) / (Len-1);
MFEZ=4 {4z 9 SNR = 10*1oglO(SigPwr/Tot Noi Pwr);
SigPwr=0.01 10 Name = 'SNR=';

SNR=28 11 SNR = round(SNR) ;

Tot_Noi_Pwr=14.558=6

b. Examine the results. If you have typed the correct syntax, the left slide will
show the results, especially the SNR which will be different, depending
upon your tuned values.

NOTE on SYNTAX: The clear command is not required, but does clear out
any previously calculated values that appear in the left column. In general,
the index value of the spectrum max value is obtained. Then the noise
powers (NP1 and NP2) are calculated using the length (all the data points)
and the index value. The total power is calculated and then the SNR is
calculated using the signal power divided by total noise power. The result is
rounded off in dB.

c. Use the command: Window > Tile Horizontal so that you can see all the
windows. Also, close the Note window because you are not using it.

Copyright 2013 Agilent Technologies

4



Lab 2: Envelope Analysis and MathLang Basics

4. Use Text Boxes to View Results

a. From the Annotation Toolbar, click on
the Text icon and then drag two text
boxes onto the schematic — increase
the schematic size if needed.

b. Edit the first text box and type in the
name of the variable followed by the
. [h] 1 {lD aa.ﬁsa'@dena ow Modais]
equal sign: SNR = Der=0.196/

c. Edit the second text box, but type in the equal sign first, followed by the
variable name: = SNR Now try tuning the noise to see the results as
shown. This technique using text boxes can be use to easily display
pass/fail results.

Text Properties Text Properties
SNR. = =5NR
@ & One textbox to the left is for
StdDev the name and the other is
0,196V SNR = 38 for the result (= variable)
1
o 1 {uD sa:ssang"au ow Modsis)
Frequency
146KHz
. = — o>
SnEaz
{EneGan@Oaa Fiow Modss} Al {Add@Tat Flow Madss) Saiskpopa-Ali
Ampuda-1v
0 F =:?:?:-11:J‘-"- z T
Spactum

5. Errors and Sampling for Data Collection

a. Move the Frequency slider for the signal generator to 0 hertz and see
what happens. Notice the error window pops up showing all errors and
warnings.

=
Error Location
SineGeneratorTimedBurst ‘Design1.51" Freguency 0 (Hz) is less than 1.13687e-007 (Hz) and cannot be represented| Part 'S1' in Design Designt’ Show
Error on line 4: Undefined function or variable 'Spectrum_Power'. SNR (Equation) Show
Error on line 4: Unable to reselve one or more arguments in function call 'max’. SHNR (Equation) Show
Error on line 1: Undefined function er variable 'SHR" Annotate Text_Egn (Equation) Show
Error on line 1: Undefined function er variable 'SHR" AnnotateS Text_Egn (Equation) Show
Evaluating Series #1: Error en fine 1: Undefined function or variable 'Spectrum_Power' Spectrum (Rectanguiar Graph) Show
Evaluating Series #1: Errer en fine 1: Undefined function or variable 'SineVvave'. Signal (Rectangular Graph) Show
] WWarning SpectrumanatyzerEny ‘Designi.Spectrum Does not have enough data to do the analysis. Part "Spectrum’ in De=sign 'Design1’ Show
[¥| Automatically Display Errors [¥]'shaw Graph and Table Errors (2) X Clear All Errors
Errors | Simulation Log | Compilation Log | Equation Debug
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Lab 2: Envelope Analysis and MathLang Basics

b. This occurs because 0 kHz is not a valid condition for the source. Often,
one error might lead to other errors; simulation doesn’t finish, data isn’t
collected and graphs cannot plot. Therefore, if you fix the first error, the
others will be OK. To address this error, edit the Frequency slider and
set the Min = 1 instead of 0. Then move the slider and it will be OK

NOTE: Try using the button to Clear All Errors — if the R Coo AEas ,\él

Error window still appears, close it as shown here. = 'kh
c. Move the Frequency slider to 500 kHz

and observe the graphs. It looks like the o Sgnal == =]

signal is modulated and the spectral ,

peak is in the noise. This is due to ===y IS e TR

measurement aliasing and improper ;
sampling (Nyquist theory: Fs/2). [ S

=

d. To fix this problem, edit the DF1 analysis
control dialog box in the Workspace tree  [rrqes Pk i Pt VA ' A

500KHz B i 1 L il 1

and increase the Stop Time to 9999 smjj . |

uSec and Sample Rate to 2. Click
Calculate Now and you should see the

D 005 01 015 02 D025 03 03 04 045 O5
Frequency (MHz)

correct results.

‘:_I:_I Signal Analysis
= 3 Analyses
SR DF (Designl)

=] DF1_Designl_Data (DF1}

r e R —
181 Data Flow Anslysis =) i signal [E=3 KCH|Exa)
| Geredl | Options | I I I I I I [ I I | |
L
- [ | | | I = [ | | |
Name: DF1
Design” | Design} v|  Configuration: [Defaut. -
Dataset: DF1_Design1_Data [¥] Automatic: Recalculation
Description . Caloulate Now
Wi SaveasFavorte . —J
7 o 100 200 300 400 500 60O 700 800 800 1000
|l Fectory Defauts Time (us)
Default Source and Sink Parameters for Data Callection [ G oot =TErE
rum = |

Start Tme: 0 s~ " —

Stop Time| 9399 P

System Sample Rate| 2 MHz = &p E
Mumber of Samples: 19393 [Pwref2 '
Time Spacing: 0.5 s =]
Frequency Resalution: 100 Hz -
I
] 01 02 ©3 D04 05 ©5 07 08 08 1
e I . Pty s

e. Save the workspace. The next steps will be to use a modulator and analyze
the envelope, including more details about setups and plots in SystemVue.

Copyright 2013 Agilent Technologies

6



Lab 2: Envelope Analysis and MathLang Basics

6. Modulator Component in Schematic

a. Save the current workspace with a new name (File > Save As):

Signal Analysis FM.

b. Right click in an open area of the schematic and uncheck the box to

v [eep Connected

show the grid. This will make it easier to see details in schematic. show Grid

c. Make the schematic window larger
(drag the corner). Select (rubber-
band) both sinks and move them up
and to the right to make room for
the modulator.

d. Go to the Part Selector — you can
show or hide the Part Selector using

the icon.

v Snap ko Grid

@ L] § & Q

p(123)

SineWave
StartStopOption=suio

Spectnam

018 Flow Models)

B sShow/Hide Part Selector |

e. In the Filter By area, type in the name mod as shown here and press the

green arrow button or Enter on your keyboard.

f. Select the modulator and insert it as shown here - to the right of the

Adder.
Current Libeany:
algorthen Dasign W
Catngory:
] Al W
Sinetyaee ﬂ
SartStopOptionsduto By
:
Fiasres Descriphion
Sl 1l 15 kanb_ani o bo Eugtal Cor
A4 20 _aor_p
. ] .ID
=
I
M1 {Modulateriglata Flow Models)
InpulType=a
FCarmgr=0 JekHs

Copyright 2013 Agilent Technologies
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Lab 2: Envelope Analysis and MathLang Basics

g. Add a Constant — Either use the Part Selector (Filter
By) type in the name const and insert the constant, or
simply use the schematic hotkey, C.

h. Copy/ Paste the 2 sinks and connect them to the
modulator OUT. Edit them and name them FM and

FM_Spec as shown.

i. Connect the adder, modulator and constant as shown —
snap the pins together. Next, you will set the values.

............
Mod |_>

- M1 ModuiatonBCiata Flaw Wodels)
Ty =i

{ FCamer=03eb4s
k 0 ) o P By:
—_

const
€1 {ConsEgata Flow Modeis}
Value=l Hane Descriphion
[ & const |
== Gan

e

NOTE: To move
and disconnect
selected
components, use
your left mouse
button while
holding down the
keyboard Alt key.

—pp(123)

SineViaoe
StartShop O plior=Auto

Spethurm 13

Copy/Paste both sinks
& rename them:

FMand FM_Spec

dEkala Flow Wodels)

1 {Modulaton@Data Flow Modeds

InpulType=AmpF req
Famer=230MHz

FrigEaensfsnaty=T582

Armip

Value=1

FM_Spet

Copyright 2013 Agilent Technologies

8



Lab 2: Envelope Analysis and MathLang Basics

7. Modulation with Constant Amplitude

a

C.

Uncheck the box to Show (5 Mensgevoch.. | (@ Moceinep | Usevodel| =8= |
Model. .
Name Value Units Default | Use Default | Tune | Show
Value 1 [ 7
Set the Value to 1 and click OK. Sowsssaam T [s%0 ]
. Edit the modulator:
Change the InputType to Amp/Freq
Change the FCarrier to 98 MHz
Change the FreqSensitivity (Hz/V) to 75e3
Also, the Show boxes should be checked for these.
Hame Value Units | Default | Use Default| Tune | Show
InputType 2:AmpiFreq |( ) 0o I ]
FCarrier 98 [MHz | 0.2e6 Hz [ [
InttialPhaze 0 [deg 0° ] ]
AmpSensitivity 100} 1 [ [
FregSensttivity | 75e3 () 10000 [ [
About the setup: The +/-1 V sine wave will modulate the frequency +/- 75
KHz from the nominal 98 MHz Center Freq, based upon the Frequency
Sensitivity value. The FM waveform will have nominal amplitude of 1 V, based
on setting the Constant value to 1.
Run the Analysis at 5 kHz by setting the signal Tune Window =
generator frequency to 5 kHz by entering the o & B A @&
frequency directly in the Tune window — this is -
easier than using the slider. Variable LETE
Step Size - 1
. Run the Analysis (green button). 1.5tdDev 0.13
51 Frequency 5]
[ Run Analyses Saved Tune States -
Run one or more analyses Analyses To Run (AutoRecald) <

. Edit the Constant:

Change the Designator name to
Amp (amplitude).

-
‘Amp" Properties

[S5e)

(=]

Descriphion:  Constant Generator

Model: Const@Data Flow Madels II 'wawModell

O
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Lab 2: Envelope Analysis and MathLang Basics

8. Graph the Power Spectrum
a. Edit (Double-click) the dataset to openit. -] DF1_Designl_Data (DF1)

b. Select the FM Spectral Power and right click to add a default New Graph,
as shown here. Notice the results might not look as expected — this is
because of the default graph axes settings, and the set units for a variable
in the dataset.

(You will see why and learn more about this in section 9b) on the next
page)

{_| DFL Designl Data = e Default values here might be in Hz

\arinbie FM_Spec_Power Freq.. FM_Spec_Power (W) and/or Watts based on your settings

M o7 110e-12

FM_Fc o7 267 9e-12 ‘l’

FM_Spec_Phase a7 334 52-12

U Spee_Bhase. Freq " 475012 (12 et S P = o e
FM_Spec_Power | o NewVariable... Er.c-m 144 9e-12 1 Spo T owet

FM Time | E‘ Add to Table N7 44400 q

Log‘ompm:_[)ma ¢ & Addto Graph I [=| New Graph [ \

SineWave Snapshot... [ Mew Graph Series Wizard W

SineWave_Time Delete... (] Add to ‘Signal -12

Spectrum_Phase Cupy to Clystinarid =] Add to 'Spectrum’ 12 I

Spectrum_Phase_t_ Boglionte 97 001 100 2e-12

Spectrum_Power = 97.001 457 S5e-12

Spectrum_Power_{ i 97 001 55.73e-12

P | Bport. 97.001 7292e-12

- Import Variable... L ¥ T4 976 56 ] E =4 Ed %8 E
Ffalll!l‘-\:r!ll'ﬁ!‘

c. You can Double-click the graph background and change the units for the
X-axis to MHz and the Y-axis units to dBm. The results should look correct
Now.

7] DF1_Designl FM_Spec Power =S WOl =3

[t | yotoas|

FM_Spec_Power

X-Axis

7] Auto-Scale a7 tax: | 99 Units: | MHz -

| Logarithmic  Label: # Divisions: 10

[ | - |
T -Axis

o) At B -100 0 Units: | dBim -

97 972 974 976 978 98 982 984 086 988 99

L thmic  Label:
Freguency (MHz) T

d. Notice the RF simulation Bandwidth is 2 MHz - this is from the System
Sample rate set in the DF1 Analysis Controller.
s DF1 (Designl)
e. Open the Analysis controller, and Change the
rate to 4 MHz as shown here, and click OK. System Sample Rate: 4 MHz ~

Copyright 2013 Agilent Technologies
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Lab 2: Envelope Analysis and MathLang Basics

f. Notice the analysis runs again and the plot shows 4 MHz as the analysis
BW. Change it back to 1 MHz — click OK. Now you know how to specify
the sample rate for the resulting BW.

9. Data Equations and Plot Features
a. In the dataset, click on the FM variable and observe the values in the list.
b. Right-click on the FM variable and select Properties as shown here.

Change the Complex Number Format to Magnitude + Angle and click
OK. This shows how you can control the format and units of the data.

| DFLDesignl. Dts 1 DF1_Design1 Dats (oo s
Variable Index FM Variable Index FM _Time(s) |FM| ZFM(?) =
A FM 1 0 1 -482
FM_Fc Add New Variable... FM_Fc b, 1e-6 1 0.856
FM_Speq (] Addto Table ¢ FM_Spec_Phase 3 26 1 115
FM_Spec | Addto Graph FM_Spec_Phase 4 3e-6 1 1.256
FM_Spec Snapshot... FM_Spec_Power 5 4e-6 1 071
FM_Spec FM_Spec_Power__ 6 5e-6 1 11 663
Delete...
FM_Time ) FM Time Fe-R 1 8 /22
LogOutpt Copy to Clipboard
SineWawy  Duplicate
SineWave Print Display Properties
zpec:mn Export... Complex Number Format:
carum .
Sr)gctrurr Impert Variable... :> Display Magnitude In: éd:dfar;tn Real+imaginary) [
“ +Angl
Spectrum Properties... M.agm anly "
Dataset Properties... |

For example, changing the Unit of Measure of spectrum analyzer data from
W to dBm will yield a default graph using the logarithmic dBm scale. Next,
an equation.

c. In the dataset, right-click on the FM_Spec_Power variable and select Add
New Variable. Type in the name and formula shown here and click OK.

FM_5| Power
S Add New VME;HE“%J

IL;-I Varable Properties

spec_pwr_dBm

—_

Sir;e\."-fave
Sine\Wave_Time
spec_pwr_dBm=[10"log10(FM_Spec_Power)]

Mame: spec_pwr_dBm

Spectrum_Phase

10*log10(FM_Spec_Power) Formula: 10%ag10(FM_Spec Power) ?pe_:qrurr_l_ljhasig_Freq

d. Verify that your dataset now contains the new variable equation as shown
to the right.

Copyright 2013 Agilent Technologies
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Lab 2: Envelope Analysis and MathLang Basics

e. Add the new variable equation to your FM_Spec_Power plot. To do this,
edit (double-click) in an open area of the plot. Click the Add button and
then select your equation, spec_pwr_dbm, and click OK as shown here.

FM_Spec_Power

4Esr1wmmmi e

Name: DF1 Designl FM Spec Power  Graph Type: [ﬂwm v]

Graph Tile: FM_Spec_Power [ show All Columns

Remove |

Context Variable Color
| Edit.. || Remove |DF1_Designi_Data |FM_Spec_Power -
[ Edit.. |[ Remowe |DF1_Designi_Data |spec_pwr_dBm -
[ Add..

< Type here or click Add = | <:

f. The plot will now show both traces. However, spec_pwr_dbm, is about 30
dBm below the other trace. This is because the equation is really dBW
(watts). So, you need to edit the equation and add: +30. Edit the
equation in the dataset and change it as shown here with +30 at the end
and click OK.

=] DF1_Designl_FM_Spec_Power =N Ech =<8
FM_5Spec_Power

ey vavc_ Lillic

Spec_pwr_ de [10"log10(FM_Spec

4 Qrartrmm Dhace

T I-
g1 E il
| | @
L T - .8 g3

Mame: spec_pwr_dBm

. Power)]

'©75 o786 ©77 O78 479 ©8 081 982 O

Frequency (MHz) Formula: 10%og m{FM_Spec_iner

—— spec_pw

g. The plot will now be correct. Also, edit the plot and click the button to
Show all Columns se the equation to be On Right and click OK. Now it is
easy to identify the two traces with two Y-axes.

Copyright 2013 Agilent Technologies
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| DF1_Design_FM Spec Power (= E@][=]
e P n
‘ 2
-16
g 2 24
: 328
| Y . a0
. . = : s
Variable {Optional) On Right| Hide? | Color | Type e ‘Tlr 4&5
FM_Spec_Power ] -- General T I, 1 rl’ : 563
spec_pwr_dBm _ (@) [ (M ~| General 3ta t - T I 54
= Type here or click Add [ T 12
’ 80
ars are arT ar.8 a7.e 28 881 882 8.3 584 38.5
Frequency (MHz)
R e

h. Save the workspace - this is always recommended when you achieve the
desired results.

10. Use the Graph Wizard

a. In the dataset, right-click on FM and select Add to Graph > New Graph

Series Wizard. In the wizard dialog, select Time and FM and Real Part
and click OK.

Add Mew Vaniable...
FM_S Add to Table - A
FM_Sp @ Add to Graph + | [ New Graph

Graph Title: FM [ show all Columns 1 g ']"]
1
' 3.1 i I
Context Variable Color - E TR I i [ H
Edit. || Remove |DF1_Designi_Data |real FM ) [ - e : - iga e
Add_ ] = Type here or click Add = L | s s 1 i ]""\ F
. ¥ i i [IRE!
H _ |
-] 0 200 00 00 530 00 ™
m
’ m I I [

b. Next, you will add the Imaginary part and set the magnitude (abs) by
pressing the Add button and selecting each one as shown here.

Copyright 2013 Agilent Technologies
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- — —
Graph Series Wizard (Locked Graph Mode) [ Context Variable I Color
Ei DF1_Designl_Data | real{ Fid {6
Type of Series Selected:  Data Selected: EEé - L i D s anbindl (=
Edi... Remove |DF1_Design!_Data | imag{ FM ) I -
Time -DF1_Designi Data | = Mone >
- = - Real Part Edit.... Remove | DF1_Designi_Data |absi{FM ) -
i Imaginary Part
[ sinewave Add < Type here or click Add = |
i

Graph Series Wizard {Locked Graph Mode)

':::Eafms&ckd:. mf:fll_m
‘ :_{!;Wa\e
c. Note that the magnitude response is I Auko-Sczke s
difficult to see. Edit (double-click) on the Gl
graph background and change the Y- . <o 6 )

axis scale to -1.5to 1.5 in 6 steps as
shown here. Now you can see the flat
line magnitude response which is the O ~

value of 1 at the top. _
T T

Now you know how to use the Graph | S 00 0 1 A
Wizard to quickly plot data. Next, we ;. LI I-i Y -
will work with the FM radio band. : | Iy TLTE

11. FM Analysis

The US FM Radio band covers 88 to 108 MHz and has one hundred 200
KHz wide channels centered at every odd decimal place. (88.1, 88.3, 88.5,
etc.). Our task is to have the simulation cover the whole band and utilize
the tuner to switch between channels while observing the results.

a. In the Data Flow Analysis controller, change i} DFL (Designl)
the System Sample Rate to 20 MHz.
Also change the Stop Time to 999.95 uSec. Stop Time: 999.95

Click Calculate Now.
System Sample Rate: 20 MHz =

NOTE: Using 999.95 us, and collecting (@ Calculate Now )
20000 samples, the Frequency Resolution

and Time Spacing will be in round numbers

(1000 Hz and 0.05).
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Lab 2: Envelope Analysis and MathLang Basics

1| DF1_Designl FM_Spec_Power Properties

Name: DF1_Design1_FM_Spec_Pol|.
b. In the FM Spec_Power = N
plot, remove the equation L B et s
(spec_pwr_dbm) so that Escaos
the results will be easier to
see. Change the Y-Axis e Ve
back to Auto-Scale.

c. In your SystemVue window, close all the plots and windows except the
Schematic, and the FM Signal and FM Spectral Plots as shown here.

B systemvue™ 2013.08
Eile Edit View Schematic Action Tools Window Help

'ﬂﬁﬂ ﬁﬁstﬁ")("ﬂ HBE P--0 48| @ EHS8 N " REFm3

N-E0 8- 5-e : =
3 Signal Analysis FM

FL (Designl)
”:‘&JDRDﬁ»gnlD:I a (DF1)

| | 5 DFL Designl_FM Spec Power
E Signal

i
i Perlst - Schematic

2l | 4 61 Designt P Spec Power

- H AR ERT
Illll b lWEI
!

1]
|
|

O 10
2 Ll : |ml“|L ]lm‘“u" MRV AL
Wson I Emen=sl b

88 90 €« a4 9% 98 100 102 104 106 108 4 100 200 300 400 500 600 700 BOO 900 1000
Frequency (MHz) Time (us)
G

_Spac_Powes adlFM — imag( FM) — abs(FM)

|
|I||I

|Emors | simuistion iog | Compilstion Log | Equation Debug |
Ready

CAP NUM SCRL
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12.

Lab 2: Envelope Analysis and MathLang Basics

Creating a Parameterized Schematic

In order to make the tuning values meaningful, the schematic needs to be
parameterized to select each FM channel (1 to 100).

a. At the bottom of the schematic window,

right-click on the Schematic tab and
select Add Parameters.

| «
L
‘ I_{>— %2  Add Equation... L

| Add Note...

Add Parameters...

. . Add Script...
b. Click Add Parameter and then type in | + Add Parameter -
and select everything as shown here.
Name Description Default Value | Units | Tune | Show |l‘|i:;:|f|;'“l.||t3e Validation
Channel Channel#(1-100) 50 () [l Positive integer

c. Select the Equations tab that now also appear at the bottom of the
Schematic. Notice the Channel value will appear in the left-hand column.

d. Add the following Equations 1 through 5. You do not need to type in the
comments (%) — they are only here to explain the equations.

uuph wWN PR

Chan_Spc = 200e3;
Fmin = 88e6 + Chan Spc/2;
Fmax = 108e6;

Fdata = [Fmin:Chan_ Spc:Fmax]

Fchan = Fdata (Channel) ;

o° od° o° oP

o\°

First Frequency
Last Frequency

Create a vector of frequencies
Select the frequency for the channel selected

Channel Spacing

(offset of 1/2 Ch.

Spacing)

e. Click the Schematic tab, then
edit the Modulator. Change the
FCarrier value from 98 to Fchan

I

£ Degnl E=8 el =
[El [Debual 1 Chan_Spc = 200e3; "
Uitp:ste 2 Fmin = BBe§ + Chan_Spc/2;
=1
= £=] L]

Chan_Spoc=200000 i ?ax _1'3'&5, N

Channel=50 N Fu:ta : é'd n: Chal'i_ Ec ax]

Fohan=57. 9248 - chan = Fdata (Channel);

Fdats = Real [1x100] -

Frsx=1082+8 4 m ¥

Fmin=88. 1e+3 o

L T n

PartList | [} Schematic gﬁz Equations | Parameters

Name

Value

Units ’—{

InputType

2:AmpiFr

FCarrier

0 o

(units = MHz) and click OK. Notice dulator@Data Flow |
the FCarrier value should appear as 97.9 MHz on the Model text: FCar?ier:yQPY.QMH

Copyright 2013 Agilent Technologies
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Lab 2: Envelope Analysis and MathLang Basics

13. Tuning a Parameterized Schematic

a. Add another tuning slider by copying an existing one: select it and then
use your keyboard: Ctrl C and Ctrl V.

b. Edit the new slider and change the Variable = Channel, Max =100, and
set Snap to integer values.

Frequency
TKHz

800
1i

i R——

Slider Properties

Varigble: Channel
Mim: 1
Max: 100

Units:

Mumber of Tics: 5
[¥] Run simulation{s) when turned
[ Display long variable name
|V Hide name prefix

| /| 5nap to integer values

]

=

Select a Variable
Filter by: v
Variable Path
S 1,Frequency Designs\Design1
11.5tdDey Desigris\Design1

Parameters.Channel | Designs'\Design 1

c. Checkpoint the spectral plot and keep the Frequency at lm Checkpoint the graph (Q)

5 kHz, and slowly change the Channel value using the

slider. Notice the Time Domain and Spectral Plots.

| DF1_Designl_FM _Spec Power

=l _E|_||§3 i

i~ DF1_Designl_FM =1 =8 =3

FM_Spec_Power

I

-ft-

a8 @ o4 97

a0 W3 W6 OF 2 ME 18

Freguency (MHz)

-— Original FM_Spec_Power

FM

i
I

0 100 200 300 400 500 600 70O SO0 900 1000
Time {us)

— imag( FM) m— b FM )

QUESTION: When you change the FCarrier value, why does the fc value
change with it?

ANSWER: Without RF frequency dependence, as Fc changes, the | & Q
values do not change. But Fc changes in the equation. Therefore, the
time-domain FM signal plot will not change and the Spectral plot will shift to

be centered around the new Fc value:

xq(t) = (xl- (t) + jx, (t)) o J2mF,

Copyright 2013 Agilent Technologies
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Lab 2: Envelope Analysis and MathLang Basics

14. Evaluating the Envelope Parameters

Now you will use two new components for extracting data and debugging.
First, the EnvToData component allows you to monitor any or all values of
the envelope signal: I(t), Q(t), time or the characterization frequency, Fc.
The EnvFcChange component allows you to convert the characteristic
frequency — in this case it will fix the frequency at the specified value.

a. Move the FM and FM_Spec sinks to the right (use your Alt key to
disconnect them). Then go to the Part Selector, in the Algorithm Library,
and type env and press the green arrow button to use the Filter By
function. Insert the EnvToData and the EnvFcChange components and
connect them as shown.

b. Edit the FcChange component and set the OutputFc to 98 MHz. This will
fix the characterization frequency. It won’t change the signal, just how we
see it.

c. Also connect a new sink to the EnvToData component fc pin.

Name Value Units - :
DutputFc 5% [MHz Part Selector A
Bandwidth B [Hz Current Library:
! | Algarithm Design v |
E1{EnvFcChange@bista Flow Models) Category:
OutputFc=98MHz |<H> v|
- sl e
: ¥ Filter By:
Mod ¥

M1 {Modulateri@Data Flow Modeals]
InpuiType=AmpFreq
FCarrier=107 9MHz [Fchan]
FregSensitivity=T5e3

EnV B " Filter By:
3 T [ —’v Sink
—b 0 = s
% 4’ Mame
Data .
B .
E2 {EnvToData@Data Flow Models} $2 {Sink@Data Flow Modsls}
StartStopOption=Auic
d. Run the Analysis. B Run Anal
Fun one or more analyses J

Copyright 2013 Agilent Technologies

18



Lab 2: Envelope Analysis and MathLang Basics

e. Use the Channel tuner and notice that your spectral plot now shows the
center frequency move across the FM band. If you did not use the
FcChange component, the spectrum would be centered all the time. This
way, you can better evaluate or compare channels.

| DF1_Designl_FM_Spec_Power ?'E'E
f. Add a text box, like the SNR, s i
where Fc = (Fchan / 1e6).
Fc = 104.3
88 G0 9I2 94 96 98 100 102 104 106 108
Freguency (MHz)

NOTE: If the Channel Frequency is moved close to the band edge some
aliasing may occur. To avoid this, a simple solution is to increase the
sample rate to make the bandwidth wider. This would have the added
benefit of including the RF filter bandwidth and possibly including nearby
interference signals, such as VHF Channel 6 which covers 82 to 88 MHz.

. i | DFI_Desigl_Data
g. Look in the dataset and you will see Variable “| noex s2_Tme(s) $2
the S2 sink data for Fc is the same Fu 1 0 104.3e+6
... FM_Fc 2 50e-9 104 .36+6
as your text box. This is jUSt another FM_Spec_Phase 3 100e-9 104.3e+6
1 1 FM_Spec_Phase_Freg 4 150e-9 104 3e+6
way to get a numerical value using g ng i : = it
the sink with the EnvToData FM_Spec_Power_Freq 5 250e-9 104 3e+6
FM_Time E 7 300e-9 104 3646
compone nt. LogOutput="Data Flow Analysis| 8 350e-9 1043846
o  400e-0 104.3c+6
52 Time 10 450e.-0 104 3e+6
sineWave 1 500e-9 104.3e+6
h. Save the workspace. SineWave_Time 12 55060 104 3246
spec_pwr_dBm=[10"og10(FM_ 13 600e-9 104 3e+6

END OF LAB EXERCISE
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LAB EXERCISE 3

Bit Stream Analysis and Filters

This lab exercise introduces the bit source as the basis for digital
designs, including eye diagrams and other data flow analysis tools. The
basic design will represent the transmitter section of a system.

No perquisite is required for this lab.
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Lab 3: Bit Stream Analysis and Filters
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Lab 3: Bit Stream Analysis and Filters

Lab 3: Bit Stream Analysis and Filter Basics

1. Create a new blank workspace with folders
a. Create a new workspace using the Data Flow template.

b. Save it with the name: PHY_design.

AT | % Ba @ | % B2 @ File name:  PHY_design -
k Data quw Template .
=] Start Page... EE E;‘T_'rb:;';;;emp'ate ied save (ctrl=5) Save as type: [Workspace Files (*.wsv) vl
* Browse Folders [ Save ] l Cancel l
c. Place your cursor over the Designs folder Setiopre e =

B0 BrE-@
- (38 PHY_design ‘

and right-click as needed to add another

folder and name it Bits as shown here. ~

. o . £ D :::ame " AddFoldes.
d. Drag the schematic and analysis icons into = .7 .. ™
the new Bits folder as shown here. [J Folder Properties M]
| MName: Bits ‘
(28 PHY_design (28 PHY_design
=3 Designs =3 Designs
. L7 Bits | 21423 Bits
[:::- Designl (Schematic) } @7 Bits I:> [_} Designl (Schematic)
: + qu Designl Analysis (Designl) [No Data] : - wo Designl Analysis (Designl) [No Data]
L %2 Equationl L %2 Equationl
e. Right-click the schemic icon + (0 PHY_design
and rename the schematic: Beaa[’mg
. " It
Bits_design. Also, rename " Designl (Schematic)
the Analysis as DF_Bits the B [ ve— s
: "‘z B
same way. > [ PHY_design
Rename "Design” h Ba Designs

The result in an organized
workspace with properly
named components and
folders.

| B1E3 Bits

{} Bits_Design (Schematic)

. L i5 Designl Analysis (Designl)
#,2 Equationl

Enter new name:
Bits_Design

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

2. Data Flow Analysis Setup

a. Edit (double-click) the DF Bits controller and setup the sampling for data
collection as shown here: System Sampling Rate: 7.68 MHz and 16
Samples. Notice that you can always select a power of 2 from the pull
down list. But for now, we will use 16.

NOTE: The System Sample rate used here is the rate of a standard clock
oscillator: 7.68 MHz

' — -
Bowrormes =

s [ Specify the design to use
|E|:Hnt- and name the dataset

Mame: DF_Bits

Design: [H:.,Dwr
Datazet: Bits_Data

Clescription ]
Default Source and Sink Parameters for Data Collection S — 65536
Start Time: 0 = 131072
— 262144
Stop Time: 1,953 25 s
System Sample Rate 512
determines Time Spacing System Sample Rate: 7.68 @9 1024 RS
and Number of Samples ' 2048 2087152
determine Stop Time Nonber of Simphs: % > — 4194304
E— : s
16777216
Frequency Resolution: 480000 Hz - 16334
32768 Cancel

NOTE: Frequency Resolution * T
is the reciprocal of Stop Time

b. From the Part Selector (View > Part PatSelectorA X
Selector), type in bits and click the Current Library:
Filter green arrow — or, use the
keyboard shortcut hotkey, B. Then Categry:
insert the Random Bit Generator.

c. Click OK when finished. _ e

d. Save the workspace — this is always 1 (RandomBite @Data Flow Modeis) Name
good practice. Oras

@ BitshiftRegister
~[& BitsTolnt
<[+ IntToBits

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

3. Bit Generator and Sink setup

[ 'B1" Properties
Designator: B1
a. Edit the bit generator and select the Model: Desarption:  pseudo Random Binary Sequence Generator
PRBS as shown here. PRBS = Pseudo Model:
Random Bit Stream. (B e B e e—
RandomBits @Data Flow Models

b. For the parameter settings, click on the the arrow button to Show Advanced
Params and change it to YES as shown here. Then select the Timed from
SampleRate option. Sample_Rate is a reserved system variable and this
bit source will read the value that was set in the analysis (7.68 MHz).

Name Value Units Name Value Units Default Use Default
LFSR_Length 12 [() LFSR_Length 12 () 12
LFSR_InitState 110) LFSR_InitState 100} 1
BitRate Sample_Rate (Hz BitRate Sample Date H> Sample_Rate Hz
ShowAdvancedParams m >|0) :> ShowAdvancedParamz | 1.¥ES )] 0:NO [l

0:NO SampleRateOption 1.Timed from SampleRate ([ ) 2:Timed from Sch [l
M SampleRate Sample_Rate [Hz Sample_Rate Hz

c. Check the box to use the default (Sample Rate) as shown here if it is not
checked. Click OK when finished.

d. Connect a Sink to collect the

data. To add the Sink quickly, use ~>@
the keyboard hotkey s and click
in the schematic. Then snap the S1 {Sink@Data Flow Models}

pins together as shown here. B1 {PRBS@Data Flow Models} StartStopOption=Auto

Notice the name of the sink is S1 — this is the designator name that you will
see in the dataset after the analysis.

4. Analysis, Dataset graphs, and Trace control

a. In the workspace tree, right-click on the DF_Bits analysis and click Run
(calculate now) — this is the same as the green arrow button you used
before. Notice it immediately creates the dataset in the workspace tree.

. . '__':_| PHY _desion
Running the analysis creates the dataset: | = {3 Designs
=3 Aits
1 DF pits (Bits_design) [No Data] | . _ \.\H = g?t:_gatg {Ol:l;,iif‘} 2
——— 12 _Design (Schematic
Run (caloulate now) OR ‘ P Run Analyses ] E> EE; DF_Eits (Bits_Design)
' ' %2 Equationl

Copyright 2013 Agilent Technologies
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c. Right-click on the $1 variable and then

Lab 3: Bit Stream Analysis and

Filters

b. Open the dataset (Bits Data) by double clicking on it. Notice it has S1 (all
the data samples) and S1_Time (time points only). Use your cursor to
enlarge the window and move the columns so you can see the index
values, the time points, and the 1s and Os from the bit generator as shown

here.

.1 Bits Data E=B[EoR(™>=
‘ariable Indexx 51_Time {5} 51
LogOutput="Crata Flow Anabys... 1 i 1
51 2 130.2=-9 1]
51_Time 3 250423 1]

4 350,629 1]
k] 520829 1]
G GE1=-8 1]
T TB1.3=9 1]
B 211529 1]

select: Add to Graph > New Graph.

i Bits_Data

E=5|ECH

Wariable
LogOutput="Data Flow Analys...

This is faster than adding a graph in the
workspace tree and it allows you to
specify the exact data you want — it is

X E

Index

Add New Variable...

Add to Table
Add to Graph
Snapshot...

S1_Time (ns) 51

-

—

plotted immediately with default settings.

click on the trace and set the Line Thickness to Thicker.

1)

1
120.208 1
280.417 0
390.625 1

3 New Graph k
[~ New Graph Series Wizard

When the plot appears, it only has the narrow trace. To modify it, right-

Right-click again and set the Symbol Size to Large. Finally, use your
keyboard V key to toggle the Vertex symbols on. The plot should be easy
to read now with symbols at the 1s and 0s. You can also change symbol

shape if desired.

NOTE: If you accidently put a marker on the trace, delete it with the toolbar

icon or use Shift +Del as shown here.

,_,K,_, Delete All Markers [Shift+Del) |

i gits o@] = i Bits i=
T | [T
\ | Symbcel Shape v Symbol Shape
(I [ Symbol Size I»\\, » Wery Small Symbol Size
ll II © | Small :
l[ ILI Medium }
| jl Large
\ 1 | Very Large
1 Line Thickness [} 3 Thin e ——
! ——— e Medium j ‘ j
| | | la N N
0 02 04 06 08 ® Thicker ] 82 94 Gs o8 1 wd Gk AR
Time {uf Thickest Time {us)

EI.

&

-

3
»

v Aute-Thicken Thin Lines
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Lab 3: Bit Stream Analysis and Filters

5. Sample Rate and PRBS source —— , —
A eits st = =R ) (===

—
S1_Time (=] 1

a. Compare the dataset S1 (0s and ; o
1s) to the plot - notice the bits 1 Mos
match the trace symbols — this is \
due to setting the Sample Rate _ ";1

1
!

23088
520823
B51ed

e

TE1328

B A A U

il ERE]

option to be timed to the analysis. : o

[ 1:4329—&

b. Run th lysis agai - L =
" un e ana ySIS agaln 0 0195 0.391 0.586 0.781 0.977 1.172 1.367 1562 1.758 1953 :_;ﬁ 1
and notice that there is B T g | R

no change to the data.

c. Go back to the Analysis controller (DF_Bits) and change the Number of
Samples: use the Pwr of 2 button to select 2048 and run the analysis
again. Notice the bits do not change but the increased samples fill the plot.

s ™

o Bits 51 (= [EE] = o
s DF_Bits (Bits_Design) ¢ 1o
0
128 :
256 8
Mumberof Samplee: 2048 [Pawrai2 i;; ;
]
]
[+3 Rmmﬁm ?
Run ane or more analyses i
0 26.6545330779.96106.61533 26859 92886 57813 22839 8B266.536 [~
:> Time (us) i
d. To scale the plot X axis, either A) use your mouse wheel with the cursor on
the plot or, B) double-click the plot, un-check auto scale and set the Min
and Max similar to the values shown here so you still see one trace symbol
per bit.
A Bits =0 =R ) =4 Bits =l o
X-tods | y-ns |
o 02 0.4 08 LR 1 1.2 1.4 18 18 2 b 5110_ Kooz
T:(':) [0 Auto-Scale Min: 110 Max: 115 Unim:@
[7] Logarithmic ~ Label: # Divisions: 10

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

6. Component Models, Help, and Disable

a. Edit (double-click) the Bit source (PRBS) and examine the settings as
shown here. Try the Manage Models dialog and notice that you can add
models if available. Try the Help button. Also, click the Use Model button
and notice that you can disable the component (short or open) — try it but

set it back to Use Active Model.

‘B1' Properties. g]
) = DataPattern@Data Flow Models
Designator: B1 [/ Shew Designatar PRES @Data Flow Models
RandomBits @Data Flow Models

Description:  pseydo Random Binary Sequence Generator

11010

Model: PRESEData Flow Models  + /| Show Madel

[5 Managetodels.. | @ Modelrip \LUEM||_._ V| Use Active Model

Disable to Open
Disable to Short

Contrel by Equatien...

-
Manage Models
Model Model Identifier
DataPattern@Data Flow Models .
PRES@Dsla Flow Modsis +, AddModdl i
i 3
RandomBits@Data Flow Models B Elniy
Enter Medel Name...
echnology Models
[V Sync Parameters HDL Medel
Mo Issues. MathLang Medel
(ox J[ ne |

‘‘‘‘‘

b. Finally, change the Model back to RandomBits and click OK.

c. Run the analysis again (2 or 3 times) and notice that the bits change when

using this source.

d. Edit the analysis controller and, in
the Options tab, check the box for
Repeatable Random Sequence
and run the analysis again (2 or 3
times) — now you see it repeats.

e. Go back to the Analysis controller and uncheck the

Options for repeating the sequence and click OK.

f. Go back to the Bit Source and reset the model to PRBS.

g. Save the workspace again.

iis Data Flow Analysis

[ General | Options |

Advanced Settings
/| Repeatable Random Sequencas

| [[]Repeatable Fandom Sequences

Model; | PRES@Data Flow Models

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

NOTE: Setting the Repeatable Random Sequence is recommended for

use with the RandomBits model for repetitive bit streams.

7. Bit setup with NRZ and Noise for Eye Diagram

a. Enlarge the schematic window and modify the design as shown here.

the Part Selector and filter these three components and wire them as
shown.

Go to

In the Part selector, type each of these in the Filter By field: NRZ, Add, and

Noise. Then Copy and Paste the second Sink.

Part Selector A x
Current Library:
Category:
»@ Copy > Paste the Sink E e
Filter By:
S1 {Sink@Data Flow Models} MRZ
StartStopOption=Auto
Mame
BitFormat < [ BitFormatter
NRZ
Bt 1y 4’ Filter By:
B:tO -1V Noise
B1 {PRBS@Data Flow Models} B2 {BitFormatter@Data Flow Models Name
SamplesPerBit=1 -+ 1D_Uniform
Format=NRZ -
Hame Value | Units Filter By:
< Add
LoLevel 04|V > »@
HiLevel 0.4 |v < e
ST S2{Sink@Data Flow Models} || & add

11 {lID_Uniform@Data Flow Models} A1 {Add@Data Flow Models} ~ StartStopOption=Auto
LoLevel=-0.4V
HiLevel=0.4V

b. Edit the Noise IID and set the Level from -0.4V to 0.4V.

c. Save the workspace again and then Run the Analysis. @

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

d. When the analysis completes, edit (double-click) the Bits_Data dataset and
right-click the S2 data: select Add to Graph and Graph Series Wizard as
shown here. Then select Eye and click Custom Equations.

- S =&
Graph Series Wizard {Locked Graph l.lm;I
Wil ; _ o, A0V ) Type of Series Selected:  Diata Selected:
LogOutput="Data Flow Analysis : DF_Bits/14/201 1 ]
81 2 130268 - = B“;[;‘:f
S1_Time 3 260.4e-8 Fss
5 4 3906e8
) Add MNew Variable... & 30 Bel
| Bl Addte Table ot Y AE1e-8
| &  Add to Graph b | [ New Graph _ _
. Snapshot... New Graph Series Wizard [# Ehptons Enpaiiey ‘

NOTE: If you only use the New Graph selection, you will get another
rectangular plot. For the Eye diagram, use the wizard.

e. When the Custom Equations appear, change the SymbolRate to 7.68e6

(same as the analysis), set the NumCycles to 3 and StartUpDelay to 2.
Then click OK as needed (3 times) and the Eye Diagram will appear.

y

=%
% ENTER DESIRED GRAPH CHARACTERISTICS HERE

"y —_ »
PR T & 6 SymbolRate = 7.&68e6;
FumCycles = 1; % Number of cycles to pla 7 N'L'III].CYC]_ES = 3:
StarcUpDelay = 0; % Number of startup sampli
9 ~LimitNumlTaces = trfuwe; & Limit the number of tra 8 StartUpDElay = Z:
12 BFumTracesMax = 1000; § Maximum number of trace

12 =% END CHRNGES
3

% Reset variables to default values if they are out of bounds =
m |

vaieble bt [ . ==

TR [olo =

f. Edit the plot and change the name ] 2 | ||
to Bits_S2_EYE as shown here. '

NOTE: Setting the StartUpDelay
to 2 or more is a good practice
but not necessary for this design.

g. Save the workspace again and close = ==
a" the WindoWS except the SChematiC- 2;6)“7 206458 3125 335542 364583 390625 4166067 442708 46875 4547S2 520833

Time (ns)
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8. Coding and Mapping Components

a. Right-click on the Design folder in the workspace. Then add a new folder
and name it: Coding_Mapping.

- (28 PHY _design |_| Folder Properties

B jw Add &)

Bases 0 AddFolder.. Name: Coding_Mapping
- 732 Eguationl

b. Right-click on the Coding_Mapping folder and add a new design. Name
the new schematic: Code_and_Map. You cannot use the same name as
the folder, as every item in the workspace tree requires a unique name.

- (28 PHY_design
244 Designs
| @11 Bits

) Coding_MappingQ

i 82 Equationl Add b

Designs  * !

[,_| Design Properties ﬁ]
Add Schematic...[ ! ‘ Mame; Code_and_Map |

c. Go to the Bits_Design schematic. Select both the B1 PRBS and the S1
Sink and right-click the Copy command. Then go to the new schematic,
Code_Map and paste the two components — this saves time.

Copy/Paste from one schematic to another:

w | Paste |
Cut | J

51 (Srugosar o, ST m
Pasta 4

il RS )
open '

+1a BFe X
R ¥
11010 o . b :
B ¥ Eaep Cornectad l\‘_

Bitd S Garidd

St G
BI{PREG@Daa FlowModets] BB oemateng ©

d. Close the Bits_Design and collapse the Bits folder as shown here. ] Eits

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

e. Go to the Part Selector and add a Gray Encoder and a Mapper — use the
Filter By field and type in the names as you have done before. Edit the
encoder and change the NumBits = 2. Also, set the Mapper to QPSK.

MHum Bit==2
Bit Order=hA5 B first

Gray
11010 — —
' Encoder L B S :
MAPPER 51 [Sink@0ata Flow hiodels}
B1 {PRBS@Data Flow hindels} 51 {Gray Encoder@Data Flow hiadels} bt Mhtapper@Data Flow hiodels} Start top Dption=4dto

hbod Ty pe= 0P S K

The Gray Encoder will ensure the synchronous change of state (one bit at
a time) — this is especially useful when spikes or noise are present. Also,
the number of bits is set to 2 for QPSK (2 bits per symbol).

9. Continuous Data Run and Plot

a. Edit the Sink and Enable Continuous run and
Runtime tuning. Then click OK. This sets up the
run time plot as you will see.

b. Right-click the Coding_Mapping folder again
and add a Data Flow Analysis.

- [ PHY_design
Ba Designs

| [ Bits
El="] Coding_Mappies
Lol [z= Code_and_

Analyses  »

Continuous Run and Runtime Tuning

Enable Continuous run and Runtime tuning

Windaow Size: Samples

#.2 Equationl

i Add Data Flow Analysis... |

c. Name the analysis: DF_Coding_Mapping. Also, select the Design:
Code_ and_ Map) and name the Dataset: DF_Code_and_Map. You
should always check these items if you have multiple designs in the

workspace.

d. Specify the System Sample Rate: 7.68 MHz and

the Number of

Samples: 2048 - use the Pwr of 2 button. Click OK.

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

-~

i1s Data Flow Analysis

Design: | Cade_and_Map |  Corfiguration: | Defaul x|
Datasst: DF_Code_and_Map | Automatic Recaleulation

Default Source and Sink Parameters for Data Collection

Start Time: 0 s~
Stop Time: 266.526 s~

System Sample Rate: 752 (MHz ] @g
Mumber of Samples: 2048 [ Puwraf 2 |
Time Spacing: 0.13 s~
Frequency Resolution: 3750 Hz v

Now it is time to run the analysis and view the real time plot to verify that
the QPSK data has the correct behavior.

e. Right-click on the analysis in the Coding_and_Mapping folder. Then select
Run (calculate now). This means you only run this specific analysis and
not all the simulations in the workspace.

bl OF_Coding_Mapping (Code_and_Map)

Run (calculate now) D? | & Output of Sink: ST

’ .
DF_Coding_Mapping Simulation Status =
= B

d top
Running Data Flow Analysis, press the Stop button to end ’T
cabrulations .

Running DF_Coding_Mapping on Code_and_Map:
Elapsed time: 13 seconds -

| -
L

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

You should immediately see the continuous plot and the Status dialog that
allows you to stop the analysis. The plot default might be the real valued
signal — so to view the perfect QPSK constellation, you can change it by
right-clicking on it and using Configure Axes... to change the format to 1-Q
or Constellation. You can also adjust the scaling by using the Set Y Axis
Limits.

NOTE: For your designs, this real time plot could show abnormalities over
time — this would allow you to determine when they occurred so you could
correct them.

# | Output of Sink: 51 [= ][ = =3 # | Qutput of Sink: 51 (o= |

Show Marker
Show Offset

o Ol i M Igguu
Configure Axes... I |||
& 1111

Set Y Axis Limits...

§ Log Mag (dB)

| Linear Mag
|Real 1)
| Imag (Q)
Wrap Phase
Unwrap Phase
L
Constellation
Trellis-Eye
Group Delay
Log Mag {Jin)

f. When you are finished, stop the analysis using the Stop
button in the dialog. Then close the plot as shown here —
Cloze

these plots are not saved. Ll ]

g. Reset the sink by disabling the continuous run Continuous Run and Runtime Tuning
— this means uncheck the box as shown here.
The sink will then be in the default automatic
data collection mode to the dataset.

[]Enable continuaous run and Runtime kuning

Window Size: Samples

h. The next steps will be to use the filter designer.

i. Save the workspace.

Copyright 2013 Agilent Technologies
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Lab 3: Bit Stream Analysis and Filters

10. Envelope Analysis: Errors and Models

a. Add a new folder to Designs name it: Filtering. M
Then add a schematic and name it: Filter. First (3 Fikering
you will learn about spectrum component models Filker (Schemnati
and then you will build a filter. L7 Fiter {Schematic)

b. Copy and paste the schematic components from the Code_and_Map
schematic into the new Filter schematic.

{7~ Filter =N EoE =5

\ Gray
11010 % = d; =
MAPFPER

< | 1 | +

PartList {> Schematic

Im|

c. Right-click on the DF_Coding_Mapping

i DF_Coding_Mapping (Code_and_Map) |
analysis and Copy it — then right-click on ™ =" =9= %pping (Code_and_Mep) |

. . . Copry
the Filtering folder and Paste it as shown :
here. .

=iy Fikering
% OF_Coding_Mappingz (Cods_and_Map) [MNo Data)
{2 Fiter (Schematic) [ 1
: { Paste -
d. Edit the copied analysis in the Filtering folder and change the names as
shown here:
General | Options
Name: DF_Filtering Name: |DF_Ftering
Design: [Hlter - Corrfigumtion:
DeSign: Filter Datasst: DF_Data_Fittering
Dataset: DF_Data_Filtering St Teme: [0
Stop Time: 266536
System Sample Rate: 7.68 MHz f
. . . Mumber of Samples: 2048 Pwr of 2
e. Click OK. This way, the analysis R e
values are already specified from Time Spacing: 013
the previous analysis. Frequency Resolution: 3750 He -
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Lab 3: Bit Stream Analysis and Filters

f. Insert a spectrum analyzer - type Spectrum in the Part Selector filter and
connect a Spectrum Analyzer to the output as shown here. Notice the
black arrow on the analyzer input — this means the input is an envelope

Part Selector A X
Current Library:
S2 {SpectrumAnalyzerEnv@Data Flow Models} - .
Mode=TimeGate Algorithm Design -
Start=0s [Start_Time] Cate .
SegmentTime=266.7e-6s [Stop_Time - Start_Time + Time_Spacing] ~ —=at=dary:
| <All> -
B1 {RandomBits@Data Flow Models} I._} @
Filter By:
Gray Spectrum
Encoder
Marme
MAPPER S1 {Sink@Data Flow Models}
G1 {GrayEncoder@Data Flow Models} M1 {Mapper@Data Flow Models} StartStopOption=Auto —I@Specﬁum,ﬂ,na|yzer
NumBits=2 ModType=QPSK
BitOrder=MSB first

g. Right-click on the DF_Filtering analysis controller and click Run to
calculate - you will see an error message immediately. Click on each of the
Show buttons and notice that the first one refers to the controller and the
other two refer to the spectrum analyzer.

Error Location
eutput#1 of Fork 'Filker. M1_0wut" Autematic type conversion from COMPLEX te ENVELOPE is not Part 'M1" in Design ‘Fiter' e
supperted. To cerrect your design, ingert an apprepriate cenverter frem the Type Converters'
TSDF" Type resolution failed DCF_Filtering {(Data Flow &nalysis) Show
Warning ien aborted. Data may net be valid. DF_Coding_Mapping {(Data Flow &n Show
4 | VWarning | SpectruménalyzerEny Fiter. 52" Does not have enough data to do the analysis. Part 'S2' in Design Fiter' Show
| [¥] Automatically Display Errors [¥| Shew Graph and Table Errors (1) [£  CleardllEmors |
Errors | Simulation Log | Compilation Log | Equation Debug
The reason for the error is that the Spectrum Analyzer is not receiving a
carrier signal - the QPSK is only at baseband and not modulated onto a
carrier. As the first error indicates, you can insert a CxtoEnv (complex to
envelope) component. Also, it's a good idea to clear the errors before
closing the error window.
h. Insert a CxtoEnv component as shown here and run the analysis again.
There should be no error now because a carrier is included.
Part Selector A x
S2 {SpectrumAnalyzerEnv@Data Flow Models}
Mode=TimeGate Current Library:
Start=0s [Start_Time]
Fc SegmentTime=266.7e-6s [Stop_Time - Start_Time + Time_Spacing] [Algcrithrn Design - l
. - ' Category:
> ¢ c [«:AII:: v]
C1{CxToEnv@Data Flow Models} J @
Fc=0.2e6Hz Filter By:
CxToEnw
Mame
MAPPER .
M1 {Mapper@Data Flow Models} o {Ssllarlggp(t)p::ii)mxmg i —@- CxToEnv
ModType=QPSK
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Lab 3: Bit Stream Analysis and Filters

Add a graph of the S2 power as shown here — you see a very wide
spectrum around the carrier which will be changed soon with a filter.

B Addto Table

¥ Add to Graph ] Mew Graph .:
Snapshet.. [+ Mew Graph Series Wizard
r Name Value Units
. — = B Fe 10 |GH=
| DF_Data_Filtering_S2_Power =N EoR <™
s3 Power i
| DF_Data Filtering_52_Power -E- [
} h 57 Power
e i
Bl g8 &
¥ =1 ]
ul [vig By Py OEEE D.E&E 1.0 -
Frguency M-
S55E SE9EE SESEE S553 L SEEIE DB 1OD00E  10DDDE 1000TE 1DEEHE RE <
Frquency MHD

j.

Edit the CxtoEnv component and edit the carrier frequency Fc to 10 GHz
(as shown above, to the right) and simulate again. Notice it is just as fast
at the higher frequency.

NOTE: In SystemVue we only sample the complex envelope of the
modulate signal, and not the complete carrier. As a result, we achieve great
reductions in analysis time. Also, all the RF characteristics of the models
are retained and this is valuable for closely spaced interference issues,
phase-noise effects, and BER testing.

S2 {SpectrumAnalyzerEnv@Data Flow Models}
Mode=TimeGate

k. Select the CxtoEnv Start=0s [Start_Time]

SegmentTime=266.7e-6s [Stop_Time - Start_Time + Time_Spacing]

component and then click on
the Disable to short icon —
this effectively shorts out the
component. Now, run the

analysis again and you will 1"5 S db T
see the errors.
S1 {Sink@Data Flow Models} ﬁ Dizable to short ]

StartStopOption=Auto

C1 {CxToEnv@Data Flow Models}
Disabled: SHORT

Edit the S2 Spectrum Analyzer component and
change the model to SpectrumAnalyzerCx as

Spectrum Analyzer
shown here. Notice that the arrow color changes
from black to green to indicate

a different mpUt type of data. Model: SpectrumAnalyzerCx@Data Flow Models -

Copyright 2013 Agilent Technologies
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m. Run the analysis one more time and notice the errors do not appear and
the data is the same. This simply shows another way to use the Spectrum
Analyzer by changing the model to receive complex, baseband data.

Lab 3: Bit Stream Analysis and Filters

n. Delete the plot and the dataset — save the workspace again.

11.

. From the Part Selector, or
hotkey f, to insert a Filter
Design component into the
Filter schematic as shown
here — but do not connect it.

Now, it's time to use the Filter Designer.

Using the Filter Designer

N

>

F1 {Filter@Data Flow Models}

Part Selector A
Current Library:

[hlgorithm Design

Category:

[{.MI:»

= e
Filter By:
Filter Design

MName

Filter

. Edit (double click) the Filter Designer and specify a Lowpass Raised
Cosine FIR filter with the parameters shown here. Once finished, click
Design at the lower left and notice the filter response plots are updated.

Filter Response:| | Lowpass -

- FR
§ Biissel (71 Parks-McClellan
! Butterworth | Half-Band Parks-McClellan
7 Chebyshey IT > Rai
) Synchronously Tuned
Sample Ratey Sample_Rate/2 z

Name Value Units | Default Du’,eu
SyrooRale e Ty SymbolRate Sample_Rate/2
SguareRoot 1:YES 0 0 RollOff 0.35
PulseEqualization BN i) L] SquareRoot YES
e i S Ve 0 I 19 LengthOption No. of Taps
s 12 Length 129
Windew 0 Rectangular {) q )
Interpelation £ 0 Interpolation 5

Copyright 2013 Agilent Technologies

18




Lab 3: Bit Stream Analysis and Filters

c. Verify that your response looks like the plots shown here. If not, go back

and check your filter parameters.

I+ F3_Frequency Respense o || B ]| 2 i F3_Time Response EI\EI
Lowpass [Raised Cosine| - Frequency Response Lowpass [Raised Cosine] - Time Response
1.2
' I
08
®
g M
06
| : [
| To4
| £ T
| i 2oz ; \
1 iy . =
T ; :
| I||| ‘il“iul \ \j v
| | | PLLRARRETIN 22
a 2.399 4798 7.196 9595 0 166726 333325 525 666726
Freguency (MHz)
dagr —— Impulse Response

NOTE: This filter will reduce the bandwidth but will still allow a reasonalbe
value of inter-symbol interference. Of course, this is a trade-off and some

of the filtering can be done in the receiver and the rest in the transmitter, as

often specified by the system designer.

Also note that the random bit source generates bits timed by the variable
Sample_Rate (this is the global variable coming from the System Sample
Rate setting in the Data Flow Analysis). Because the Mapper set to QPSK
produces one symbol per 2 bits in, the Symbol Rate of the filter is set to

Sample_Rate/2.

d. Accept these values and click OK in the filter designer. The

two filter plots will automatically close. You will see the
filter component change to the filter you designed.

12. Real & Imaginary data with Filters

®

X
PN

o P

F1{LPF_RaisedCosine@Data Flow Models}
SymbolRate=3.84e+6Hz [Sample_Rate/2]

RollOff=0.35

SquareRoot=YES
PulseEqualization=NO

a. In the Filter schematic, delete the CxtoEnv component and the Spectrum

Analyzer and their associated wires.

b. Delete the wire between the Mapper and the Sink and (from

the Part Selector) insert a CxtoRect (complex to rectangular)

component as shown here.

Im
Gray > > P
Encoder -
MAPPER Re
B1{RandomBits@Data FlowModels} G1{GrayEncoder@Data Flow Models} M1 {Mapper@Data Flow Models} C2{CxToRect@Data Flow Models}
NumBits=2 ModType=QPSK
BitOrder=MSB first
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Lab 3: Bit Stream Analysis and Filters

c. We do this, since we need to filter both | and Q separately. Copy the Filter
you just created and also copy the Sink — then connect them as shown
here. This represents a simple baseband section for a transmitter.

B1 {RandomBits@Data Flow Models}  G1 {GrayEncoder@Data Flow Models}
NumBits=2

Gray
Encoder

MAPPER

ModType=QPSK

BitOrder=MSB first

M1 {Mapper@Data Flow Models}

>

C2 {CxToRect@Data Flow Models}

F2 {LPF_RaisedCosine@Data Flow Models}
SymbolRate=3.84e+6Hz [Sample_Rate/2]
RollOff=0.35
SquareRoot=YES

F1 {LPF_RaisedCosine@Data Flow Models}

Re

N

SymbolRate=3.84e+6Hz [Sample_Rate/2]
RollOff=0.35
SquareRoot=YES

PulseEqualization=NO

>

X
= > (123

S1 {Sink@Data Flow Models}

StartStopOption=Auto

>

X
> p(123)

82 {Sink@Data Flow Models}

StartStopOption=Auto

PulseEqualization=NO

d. Right-click the DF_Filtering analysis controller and run the analysis again.

e. The dataset will now contain new data because of the two sinks and the
different format for the data. Therefore, ignore any error messages and
delete the existing graph.

f. Right-click on the Filtering folder and add a new graph: Select Type
Y versus X. You need to select the correct dataset (DF_Filtering) and
check the box S2 (I) for the X data and S1 (Q) for the Y data, as shown
below (assuming the same Sink names). Also, turn off the autoscale for X
and Y and set both axes to: -1.25 to 1.25. This will make the plot square if
it is not. You should now see the X-Y or Real and Imaginary as shown

here.
Type of Series Selected: X Data Selected: | < MNone =
¥ versus X |- Bits_Data -

-

Tl

|- DF_Code_and_Map

3
i
o
i

¥ Data Selected; | < llone >

[#- Bits_Data
+- DF_Code_and_Map

-

ﬂ Graphl

o

=E e

NOTE: You can right-click the trace and change the thickness or other

attributes.
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Lab 3: Bit Stream Analysis and Filters

Summary: Now you should have a good level of skill using bit and
sinewave signal sources with some basic components for viewing the
spectrum and the constellaion, including using the filter designer. You
should also have a reasonable working knowledge of the workspace:
folders, plots, datasets, and analysis controllers.

g. Save the workspace.

13. Modulating | & Q signals

a. Copy and paste the Filtering folder into the Designs main folder — it will
become Filtering2 as shown below, to the left.

b. Next, rename the copied folder: 1Q_Modulate, rename the Data Flow
Analysis: DF_Modulate and rename the Design: Modulate. You can right-
click each of these 3 items, and select Rename — it should be as shown
below, right. (You can also delete the old plots and datasets)

= {3 Filtering2 - - |:> =23 10 Modulate

| =] DF_Data Fiering2 | Foname Folder uﬁ]l L 3% DF Modulate
i te Fiter) I = Medulate (Schematic)
T ) =
1§ Enter : n com
| Fiker? (Schematic) newname: || Rename "Data Flow Analysis “1
i & Graph2 1

1Q_Modulate FTher Tay Eame: Rename "Design”

DF_Modulate ] Enter new name:
Modulate

c. Modify the design: Delete both sinks and connect a Modulator from the
Part Selector. Then, add a new sink and spectrum analyzer to the OUT pin
of the modulator as shown here.

. . Hame Value Units
d. Edit the Modulator and set the carrier frequency
Fc to 10e6 or 10 MHz as shown here. inputType | 0:/Q ()
FCarrier 10 |MHz
F1{LPF_Raised Cosine@Data Flow Models}
SymbolRate=3.84e+6Hz [Sample_Rate/2]
RollOff=0.35
SquareRoot=YES
PulseEqualization=NO
°
X
P
Im ) T ‘ Phew  auaD
. Gray . [ - cut—Pp
Encoder > ‘ ieEl | —ppr—
MAPPER Re X
B1{RandomBits@Data FlowModels} G1{GrayEncoder@Data Flow Models} M1 (Mapper@Data Flow Models) C2{CxToRect@Data Flow Models} > X ™: Data Flow Modeis} et ZE‘EF‘DWM“"S)
B"O'::g:g first e N Flg;\:gg%mz Segmenmme=2667e-sss‘;[\cs‘£)ps,[§ﬁ:f21§vex]jvme+T|me,5pacmg]

F2(LPF_RaisedCosine@Data Flow Models}
SymbolRate=3.84e+6Hz [Sample_Rate/2]
0ff=0.35
Root=YES

Sq
PulseEqualization=NO S1{Sink@Data Flow Models)
StartStopOption=Auo
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Lab 3: Bit Stream Analysis and Filters

e. Edit the DF_Modulate analysis controller General | Options
and set the Design to Modulate. Also,

rename the dataset to DF_Data_Modulate. Name: DF_Modulate

Whenever you copy an analysis, you need Design: [Moduiate -
to set the names or it will use the copied
names. Dataset: DF_Data_Modulate

f. Run the analysis.

g. Open the dataset and add a new graph using the wizard — select a
constellation of the S1 data from the sink, and click OK as needed.

Add New Variable... |

¥ Addto Graph 3 @Newﬁlaph _ 7 OF Pets Wote s = — ,
Snapshet... Mew Graph Series Wizard 3 ’ 51 =N Eol e

{9 Add to 'Bits_S1'

r

Delete...

Type of Series Selected: Data Selects | < Mone =
| constellation ‘

& DF_Code_and_Map
=} DF _Data_Modulate

Graph Series Wizard (Locked Graph Mode) “l

=

Obviously, the data is not clean (it's fuzzy) — but there is a reason for this.
The filter introduces delay and interpolation.

h. Double click the plot to bring up the S1 Graph Properties. Click the Edit
button — then click the Custom Equations button (as shown below left).

Change the SamplesPerSymbol to 5 to match the interpolation and set
the StartUpDelay to 64. With 129 taps set in the filter, using one-half that
value (-1 for the middle) should results in the correct delay. Click OK as
needed and you will see the improved results as shown here.

[ 1 DF_Data_Moduiate 51 Properties = /| DF Data Modulate 51 Eol ==
51
Name: DF Data_Modulate S1
Graph Title: S1 #
Context
:| Edit.. || we | = PostProcessed »

> (F it

P
v B

15 SamplesPerSymbol = 5: N 138 < 078 05 435 0 03 25 oM
16 StartUpDelay = &4; i g
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Lab 3: Bit Stream Analysis and Filters

Still, the constellation could be even better. Why? There is one more
adjustment for an almost perfect constellation — we have no receive filter
yet to match the root raised cosine of the transmit filter.

i. Edit both filters in the schematic and

change the SquareRoot parameter to ame Value Units
NO as shown here. Click OK as needed. |Loss 00}
SymbolRate Sample_Rate/Z |Hz
Rollo ff 0.35 ()
X SguareRoot 0:NOD LE; 0
o > - »‘ PulseEqualization |0:NO ()
/\_/ LengthOption 1:Mumber of Taps ()
Length 129 [}
Window 0:Rectangular ()

‘~ DF_Data_Modulate_S1 =N =R =

j- Run the analysis again. Look at the ‘ s1
constellation now — you can remove
the auto scaling and set both X and Y
to 1- and 1 respectively. As you can
see, the results are now perfect peak - ¢
values of the QPSK signal in each
quadrant.

bW oE &

=R~ 1

k. Add a final plot of the spectrum to the folder using the wizard to plot the
spectrum of S2_Power as shown here. Name the plot Spectrum - this
validates the response in the frequency domain for the 10 MHz carrier.

Type of Series Selected: Data Selected: 1 Graph2 E'@

Spectrum - Bits_Data

-- DF_Code_and_Map
[+ DF_Data_Filtering
- DF_Data_Modulate

-10
|

=20

(=}

O
[

[y
(dBm)
o

7] <2 Power

"o e La
(=}

S2_Powvar
' P

'\
x
/

al
(=]
|
|

2]
=

] 2 4 6 8 10 12 14 16 18 20
Frequency (MHz)

— S2_Power

NOTE: You can set the X axis to MHz and the Y to dBm. Also, if you have
named the Spectrum Analyzer component something other than S2 (default) it
would be easier to identify (you did this in the earlier lab exercises.

END OF LAB EXERCISE
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SystemVue 2013.08 Fundamentals (version 1.2 — August, 2013)

LAB EXERCISE 4

BER, EVM and Sub-circuits

This lab exercise introduces cross correlation, EVM and BER
measurements and shows how to create sub-circuit models.

Prerequisite: Lab Exercise 3 (workspace is required).

A
TR 39

]
- Agilent
SystemVue

Fundamentals

.;'} Agilent Technologies

@ Agikent Techrologies, Inc. 1085-2013

ﬂ- Agilent Technologies

Copyright 2013 Agilent Technologies



-_—

© © N o o 2 w0 DN

= A A A A -
a A WO N = O

Lab 4: EVM and BER Basics

Table of Contents: Lab 4

Build the receiver section

Connect Transmitter to Receiver
Component Parameter Settings

Cross Correlation Setup and Analysis
Delay and Cross Correlation results
BER and EVM Schematic Setup
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Lab 4: EVM and BER Basics

Lab 4: EVM and BER Basics

1. Build the receiver section

a. In the Designs folder of the open PHY_Design workspace, add a new folder

and name it: EVM_BER.

b. From the 1Q_Modulate =
folder, copy the =53 1Q_Modulate
Modulate schematic ] DF_Data_Modulate (DF_Modulate)

. B
into the new folder 4 DF_Data_Modulate _S1

10 DF_Modulate (Modulate)
(EVM_B_ER) and 1= Modulate (Schematic)
rename it: Cross_Corr i spectrum

as shown here.

c. Open the schematic Cross_Corr and delete the

SpectrumAnalyzer and the Sink. Then, copy the two
filters — select the filters and then right-click to copy

and paste.

Next, place a RectToCx component

JataFlow Models}

= Designs
= & EIEEY

{ == ModulateZ {Schematic)

<

| 5 EVM_BER

{7 Cross_Corr {Schematic)

o nalS

1{LPF_RaisedCosine@Data Flow Models}
SymbolRate=500000Hz [Sample_Rate?] Freq
RolOf=035

SquareRoot=NO

PulseEqualization=hO Mod ‘
o |
W2

Data

\/

InputType=|

Ly ; FCarrier=101

from the Part Selector and place it to o P R GEu o
) . . — SasareRasno
the right of the copied filters, as shown = » =< —» P
here.
| oy .
d. Connect the RectToCx to the filter - R FaclToox@Ona o e

outputs and, from the Part Selector,
insert a Demapper, like this:

—P _ — P

i

F2 iPF_RemssCosinsdinme Fime Moses.

17 im | e
Ey oo Rete=E00000Hz [Eamipie_Ree'T] "
Rl Dfmd 35 ’ T ’ —
-

EQuarmRDTNT
Susefqual mtonehs

Rt ReniTola@lme Fow Mooes) o Demzopremlm Tow Votedg
i e
—pp

& LPF_RamesCosinegileis Siow Moo
Ey Mo RieieE00000HE [Bample_Ree D]
Rl D=0 35
EquamRoobT
EUseEquE Etio e

[ Part Selector A
Current Library:

Algorithm Design

Categary:

(<>

Se
Filter By:
DeMapper

'IDemamer

Description
Complex Symbol Demapper Slicer
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Lab 4: EVM and BER Basics

To complete the receiver section, insert a Demodulator and a Gray
Decoder from the Part Selector, and connect them as shown here.

— | Receiver Section
Fiker By: |

e
J Gray D
1 emodulator | A
* GrayDecodar
e 4 (LPF_Feained Cosira fiiata Flow el [ |1 T

-: T Symbciimes b famcie Fed] | _...'.—{— < Gray

" L]
brminnerd ' Decoder

=
Pudpe Bprualizatione HO

Ol {Duisresidi it onigelmes Flow Ripdali] Rl [RacaToCiglnry Flow bodels] DF [Demappengloms Flom bodali]
Ontprt Typee=t) Ll ModTypn DPSK G2 [Cewy Deceder@Luma Flom Modais)
[FC et T 20D ? . Nn::-ai‘m

2. Connect Transmitter to Receiver

a. Connect the OUT pin of the transmitter modulator to the to the input of the
Demodulator as shown here.

X *
req
Phase QuAD
1{LPF_RaisedCosine@Data Flow Model: ‘ >la cm—’o
I SymbolRate=3.84¢+6Hz [Sample_Rate/2] Mod
R 5 .
i ouT]
Gray . Squ YES ‘ Amp
Encoder PulseEqualization=NO
Re M2 Data Flow Models}
MAPPER InputType=1/Q
B1{PRBS@Data Flow Models} G1 {GrayEncoder@Data Flow Models} M1 {Mapper@Data Flow Models} C1{CxToRect@Data Flow Models} X FCarrier=220MHz
NumBits=2 ModType=QPSK > X
BitOrder=MSB first /X/

F2{LPF_RaisedCosine@Data Flow Models}
SymbolRate=3.84e+6Hz [Sample_Rate/2]
Phasel

> DeMod: —p P >

SquareRoot=YES
uan
P “No > . Gray
P Re Bits - .
Decoder
D2 {Demodulator@Data Flow Models} X R1 {RectToCx@Data Flow Models) D1 {Demapper@Data Flow Models} OutBits {Sink@Data Flow Models}
K OutputType=I/Q ’ M
InBits FCarrier=220MHz .=

odType=PSK G2 {GrayDecoder@Data Flow Models} StartStopOption=Samples
T /X/

NumBits=2
BitOrder=MSB first

P

3{LPF_RaisedCosine@Data Flow Models|
SymbolRate=3.84e+6H ple_Rate/2]

F4{LPF_RaisedCosine@Data Flow Models}
SymbolRate=3.84e+6Hz [Sample_Rate/2]
R

InBits {Sink@Data Flow Models) SquareRoot=YES
StartStopOption=Samples PulseEqualization=NO

b. Insert two new Sinks (use keyboard key S). Edit them and name them
InBits and OutBits as shown here.

The next steps will be to specify the component parameter settings,
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Lab 4: EVM and BER Basics

3. Component Parameter Settings

a. First, edit the two transmitter filters and reset the SquareRoot value to YES.

b. Then, edit the two receiver filters and also here set SquareRoot to YES.

Next, set Interpolation to 1, Decimation to 5 and DecimationPhase to 3
(this selects which of the 5 incoming samples will represent the decimated,
or down-sampled, output). All the other settings should be the same as
before — shown here. The decimation on the receiver is required (if we are

not using a downsampler).

Transmit Filter Receive Filter

Hame Value Name Value
Loss 0 Loss 0
SymbolRate Sample_Rate/? SymbolRate Sample_Rate/2
Rolloff 0.35 RollOff 0.35
SquareRoot 1YES SquareRoot 1YES
PulzeEqualization 0:NO /X_/ PulzeEqualization :NO
LengthOption 1:Number of Taps > % > LengthOption 1:Mumber of Taps
Length 129 Length 129
Window 0:Rectangular /\_/ Window 0:Rectangular
Interpolation | g Interpelation 1)
Decimation 1 Decimation 5
DecimationPhase 0 DecimationPhase 3)
InterpolationScaling | 1:¥ES InterpolationScaling | 1:¥ES

c. Edit both the Modulator and Demodulator and set

FCarrier to 220 MHz on each of them.

Hame Value

Units

FCarrier 220

MHz

d. The Mapper and Demapper should already be QPSK. The Gray Encoder
and decoder should be have NumBits set to 2 and BitOrder set to 1:MSB

first.

e. Reset the PRBS bit souce SampleRateOption
to 0:UnTimed.

Name

Value

Units

SampleRateQption

0:UnTimed

f. Check the all settings and connections to be sure they are correct.

The final steps will be to insert the Cross Correlation component and set up the

analysis, etc.
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Lab 4: EVM and BER Basics

4. Cross Correlation Setup and Analysis

a. From the Part Selector, — P’@ Designator: | Delay

insert a CrossCorr crosstor P . S (5eb @O i Woden)
measurement near the e B .

bottom of the receiver — . ﬂ-GMr("? s oo P o) b@ Designator: | CrossCor

also add tWO more Sinks CM"I;I‘:“‘I:E‘-‘M CrowsCorr [Sink{fiData Flow Kodels)
as shown here. L SanSiopCston Sampies

Data Collection
() Automatic (Prefer Time, then Samples)

b. Name the Sinks Delay and CrossCorr @ samples  From: | 0 To: 100
and connect them to the respective ©Tme  From| Start Time s To: [ Stop_Time :
CrossCor outputs.

c. Set all four Sinks: Data Collection to Samples from 0 to 100 as shown
here. This will make it easy to plot the results instead of using the
Num_Samples.

d. Wire the CrossCorr X pin to the InBits node and wire TIE [ R
the Y pin to the OutBits as shown here. Now, set the CorrelationType _|0:NonCircular |()
CorrelationLength 1000 ()

CorrelationLenght, StartLag, StopLag and StariLag 70
Normalization as shown here. This shows the StopLag 100 [()

completed schematic: Normalizaion | :UnBiesed |()
X *
=
[F1 {LPF_RaisedCosine@Data Flow Models) ‘ Ju‘u‘—’e
SymbolRate=384e+GHz [Sample_Ratel2]
m ROO=035 D Mod | ».
Gray . > > SquareRoot=YES o ‘
> o
Encoder, >
S Re M2 (M Data Flow Models)
MAPPER InpuType=1/Q
B1(PRBS@Data Flow Modsis| Gt ata Flow Models) M1 Flow Models) C1{CxToRect@Data Flow Models) K FCarrier=220MHz
NumBits=2 ModType=QPSK. »
F2(LPF_RaisedCosine@Data Flow Models)
‘SymbolRate=3 84e+GHz [Sample_Ratel2]
035
SquareRoot=YES
o
PR IF3 (LPF_RalisedCosine@Data Flow Mocdels)
Freq ‘SymbolRate=384e+GHz [Sample_Retel2] DEMAPPER
Phase Ro ‘ .
: [0 N I ) ool —po
d Squar
P> DeMod o < —» P Gray
Am e .
Decoder
OutputType=IiQ » X ModType=QPSK G2 {GrayDecoder@Data Flow Models}
FCarrier=220MHz Numits=2
TN BitOrder=MSB first
F4 (LPF RaisedCosine@Daa Flow Models)
‘SymbolRate=384er+GHz [Sample_Ratel2]
RlOf=035
SquareRoot=YES
PuseEqualization=NO

Bt (Sink@Data Flow Models) > ) »@
StartStopOption=Samples
» § ~ Delay (Sirk@Data Flow Models)
StartStopOption=Samples
Models} C

CrossCorr {Sink@Data Flow Models)
StartStopOption=Samples
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Lab 4: EVM and BER Basics

e. Copy the DF_Modulate analysis from the 1Q_Modulate

folder into the Cross_Corr folder. (st DF Modulate (Modulate) | Genera | Options|
f. Edit the analysis and rename it: l, Name: DF_EVM_BER
dataset DF_Cross_Corr, as shown here. |:> Dataset: DF_Cross_Com

g. Click OK — all the timing and sampling settings can remain as before.

h. Right-click and run the DF_EVM_BER analysis. If you have
any errors, go back and check your work — there should be
no errors with the correct setup.

Fun {calculate o)

5. Delay and Cross Correlation results

Graph Series Wizard {Locked Graph Mode)

e —

+ | DF Cross_Corr
a. Open the dataset and == [ G oo eaiiniiaad S S
then right-click on the | onewverse. | == [pmupe
CrossCorr variable. D | AddtoTabie g ez
B 4 Addto Graph b | = New Graph |
i e Snapsht.. '

Then select Type Series

General and data CrossCorr i) O Crom Come CroeCor P =i
and click OK as needed Mame: DF_Cross_Corr_CrassCorr Graph Type:
to Create the plot Graph Tifle: CrossCarr

i Variable
Also check the Delay variable [Edt_|[ Remove J OF_Cross Com Crosatom
i | AM... < Type here
in the dataset. E

b. Your plot and the Delay data should both show 50 bits bits delayed between
the input and the output. The Cross Correlation is about 0.5. If the BER
were zero, then the Cross Correlation would be 1.

--| DF_EVM_BER_Cress_Comr_CrossCorr ‘= | =[] | | i |DF_EVM_BER Cross Corr_Dats

CrossCorr Varizble Delzy_Inoex Dalay
CrossCor ] i)

CrossCor_ingex 1 L=

Celzy_|ndex 3 &

InBits 4 &

InBits_noex ] =

LogCuwtput="Ciats ... & b=

CutBits 7 &

CuitBits_Inoex B B

] =

™ 1] =

AL v, W LANA 'J"'r l ﬁ\"-f Ve, WA
0 10 20 30 40 B0 B0 70 80 80 100
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Lab 4: EVM and BER Basics

c. Add another plot from the dataset using the wizard — plot the InBits and
Outbits as shown here. Notice that the bits overlap — you will fix this next.

r ~ - ~
Graph Series Wizard {Locked Graph Mode) (] | DF Cross_Corr._Bits = =
< hone > Bits
e - ] i [T
1+ Graph3 Properties I T T T I l
1 1 I |
Mame: DF_Cross_Corr_Bits 4 i
Graph Title:  Bits |
Context Variable | 4 i i i }][l (i il
2 .
Edi.. || Remowe |DOF_Cross_Corr | inBits |
Edit.. || Remowe |DF Cress Corr |OulBits I ] ] T | i B 1
I 1f
Add.., = Type here or click Aac>| | I ” T I |
I
| ] 0 20 30 40 S0 60 0 B0 &G 100
— OulBits

d. Edit the plot and name it: DF_Cross_Corr_Bits and title it as shown here.
Also, offset the traces on the Y axis by by adding +1 to InBits and -1 to
Outbits in the Variable field — also set the Y axis Min and Max to -2 and 3
and click OK. Your plot should now show the bits data clearly.

Context Variable | Color HIEE O — =le
3
[ Edt.. |[ Remove | DF_Cross_Corr (| InBits+1 |-
Edit... R DF_Cross_Corr || OutBits-1 -
[ J[ Remove JOF Cross.. ] BT TER! 1 1A1(RIY HATIN)
] & | (B IRASRTLI
-Axis -
[ Auto-Scale 0 Units: I ﬂ ﬂ
- A 1Y R A
[CLogarithmic  Label: # Divisions: 10

e. Go back to the schematic and insert a Delay in front of the InBits sink. Set
N to 50 as shown here. Run the analysis again. Now you can see the
alighment with the added delay (50) determined from the Cross Correlation.

|| DF_Cross_Corr_Bits == o
Bits
Ci -
Filter By: I

Delay

MName

-+ Delay

i £ 20 ] 4 50 &0 ™ 5 H 00
I — — e
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Lab 4: EVM and BER Basics

f. Go back to the plot one last time and remove the offset of -1 and +1. Also,
rescale the Y axis from -1 to 2 as shown here and thicken the InBits trace.
Now, after the 50 sample delay, the traces are alighed on top of each other
as you can easily see here.

o o R Co Fo o]

Bits

| I WAL
[/ I iy

/] 10 20 30 40 &0 60 70 80 80 100

— OutBits

g. Close all the open windows ans Save the workspace. The next steps will be
to compute EVM and BER.

6. BER and EVM Schematic Setup

a. Copy the Cross_Corr =3 EYM_BER 5 5 EVM_BER
schematic and rename it {7 Cross_Corr (Schematic) C:!;, e BER EVM {Schematic)
BER_EVM. {4/‘ Cross_Corr2 (Schematic) _Lr} ,:ms_._;_c,:” {Schematic)

The next steps will be to reconfigure the schematic for BER and EVM.
Afterward, you will set up the analysis.
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Lab 4: EVM and BER Basics

. Open the BER_EVM schematic. Use the Part Selector to add an EVM sink,

connected as shown. Make sure to change the Model parameter from
EVM_Env to EVM_Cx@Data Flow Models as SystemVue supports complex
baseband, or zero-IF (note the pin change to complex green).

i
#_-'/(,_,

=P P
]

I {LPF_RaisedCosine@D=ata Flow Modeg
SymbolRate=3 Bde+6Hz [Sample_R =27
RollOff=0.36
SguareR oot=YES
PulzeEqualization=NC

—~¢

P
/-Hq\\v—’

=4 {LPF_RaisedCosine@0ata Flow Mook}
SymbolRate=3 B4e+6Hz [Sample_Ra=TF
RoliOff=0.356
SguareRoot=YES
PulseEgualization=NC

-

2 {Delzy@D=ta Flow Mooes]
N=50

Dutput Timing=EcuaTolnput

£ 1 Re

w

R 1 {ReciToCx@D0 == Flow Modes]

P»(123)

InEits {Sink@Datz £ low Moo=k}
StartStopOiption=Sampes

D1 {Demapper@Data Flow Modek]
ModType=QFSK

EVM
EZ [EVM_Cx@0Dsts Fiow Modsk}
Start=0c [Stan_Time]
SymbolRate=1e+006Hz
ResultLength=110
ModType=0PSK
MessuremertFiter=Root Raised Cocne
ReferenceFilter=Raized Cosre
Alpha=0.5
SzveSymbolResuli=hNC

c. Insert the final component for the analysis: BER_FER
and wire it to the Delay and BitsOut as shown

Gray
Decoder

G2 [GrayDecoder@Datz Flow Modsk}

Numbits=2
BitOrder=MSE first

\ Name

here. This is the finished schematic. Make sure . eer
the Delay is placed as shown below. Next, you . REF B
will set the componets and analysis.
BER and EVM Schematic
X *
| R j
TN
- . ¥mmww e X
Encti)iler 4’ > SWMRWYESLJ Models}
auo’jgf;;sszezmsx ModType=QPSK > X
TN
X

>

DeMod |

OutpuType=1Q
FCarrier=220MHz

D3 {Delay@Data Flow Modsls)

OutputTiming=EqualTolnput

D2 {Demodulaior@Data Flow Models}

P
/\/
‘3 {LPF |
SymbolRate=3 84e+6Hz [Sample_Rate/2] l
et
s e
< PussEQuAlzaIon-NO

F4{(LPF_RaisedCosine@Daa Flow Modeis)
‘SymbolRate=384e+6Hz [Sample_Ratel2]

PuiseEqualization=NO

DEMAPPER
Node

CutBits {Sink@Data Flow Modes]
StartStopOption=Sampes

Filter By:
EVM

-[E] Evm

Filter By:
BER

Mame
[4 Ber_FER

Im —ppo
‘ Gr:
[ re 5 . ay
Decoder
R1{ReclToCx@Dala Flow Models} D1 {Demapper@Data Flow Models} QU (k@ 0rta Flow Nodkls)
. Models)
NumBits=2
BiOrdor=MSB frst

>

E1{EVM_Cx@Data Flow Models}
Start=10.42e-6 [80/Sample_Rale]
‘SymbolRate=" [Sample_Rate/Z]

100

R -
ModType=QPSK
MeastremenFilter=None

InBits {Sirk@Data Flow Models}
StartStopOpiion=Samples.

Delay (Sink@Data Flow Models)
StartStopOption=Samples
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Lab 4: EVM and BER Basics

7. BER and EVM Analysis and Results

General | Options

a. Edit the DF_EVM_BER analysis and select

the BER_EVM design and name the i DE EYM_BER Name: DF_EVM_BER
dataset DF_BER_EVM as shown here.

This means you use the same analysis but you Design: | BER_EVM
specify a different design and dataset — this is Datssst: DF BER EVM

efficient for many designs that use the same or

similar analysis settings.

b. Edit the EVM component and set the values as shown here — the results from
this component will be available in the dataset. The Start numerator 80 is
taken from the number of samples obtained from the delay (50) in the
previous steps and additional 30 to ensure the impulse response in the filters
has died. And again, the SymbolRate is 72 the sample rate of the analysis, as
we map 2 input bit samples to one complex QPSK symbol.

Name Value Units

Start 20/Sample_Rate s _>

SymbolRate Sample_Rate/2 |Hz

ResultLength 100 () EVM

ModType : 1:apPsK 0 E1 {EVM_Cx@Data Flow Models}

MeasurementFiter |0:None () Start=10.42e-6s [80/Sample_Rate]

ReferenceFiter  |3:Raised Cosine ([ ) SymbolRate=3.84e+6Hz [Sample_Rate/2]
= ResultLength=100

Alpha 0.510) ModType=QPSK

SaveSymbolResult | 0:NO £} MeasurementFilter=None

c. The last component to edit is the BER_FER — the results will be available in
the dataset. Set the StartStopOption to Samples, set SampleStart to 100.
The other values are defaults, i.e. Stop should be Num_Samples-1.

Hame Value Units
. TEST
StartStopQOption 1:Samples ()

SampleStart 100 | ) . REF

SampleStop Num_Samplez - 1 ()

E ey 00 B2 {BER_FER@Data Flow Models}
BitsPerFrame 100 () StartStopOption=Samples
EztRelariance 0.01 |() SampleStart=100
StatuslpdatePeriod 1000 () SampleStop=2047 [Num_Samples - 1]

SampleDelayBound=0
BitsPerFrame=100

d. Run the analysis. When it is finished,

Open the dataset DF_BER_EVM and verify

the results as shown here. If you set up the i DF_BER_EVM
component parameters and analysis Variable B2 BER_Index B2 BER
correctly, you should see a zero BER (all g 0

bits recovered without errors).

NOTE: Your component name may differ from the B2 name used here.
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Lab 4: EVM and BER Basics

Also, in the dataset, the EVM [%] .1 DF_BER_EVM
(E1_EVM_RMS in the dataset) is i

only a small residual value. L Eiindex  E1_EVM_RMS
E1_EVM_RMS 4] 0.255

e. Save the workspace.

8. Create a Subcircuit (path/channel model)

a.

SystemVue has some built-in path or channel models. However, this QPSK
receiver is not capable of synchronizing to the input to correct for the
phasing. Therefore, you will create a simple subcircuit to characterize the
channel effects — this model will also have parameters that can be tuned or
adjusted.

In an open area of the schematic, insert the following three components from
the Part Selector and connect together: Delay, AddNDensity, and Amplifier
as shown here. ?

Noise ’
> Density

D4 {Delay@Data Flow Models} A1{AddNDensity@Data Flow Models} A2 {Amplifier@Data Flow Models}
N=1 NDensityType=Constant noise density GainUnit=voltage
OutputTiming=EqualTolnput NDensity=0.0W Gain=1

b. Use your keyborad Ctrl key to select all three components together - then

right-click and select Convert to Subcircuit as shown here. Type in a
name: Simple_Path_Model and clickOK to create the model or subcircuit.

Conwvert to Subcircuit... [ |

Amplifier

Noise
' Density

D1 {Delay@Data Flow Models} A1 {AddNDensity@Data Flow Models} MNew Model Name

M=1 MDensity Type=Constant noise density
OutputTiming=EquaTalnput MOensity=000

Enter the name you want to use for the new model.:,

Simple_Path_Model

Copyright 2013 Agilent Technologies
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c. When the Simple_Path_Model window appears, delete the unwanted data
port from the amplifier as shown here, as we don’t need it for our model.

Rename the designator and
correct the Port number

Designator: dp2

Delete the unwanted port

E <> Hame Value
dp2 {DATAPORT}
Dsta Type=Any Typ= | PORT 2

Bus=MNO
A2 {Amplfier@Data Flow Modek}
GainUnit=volage
Gain=1

d. Also, edit the other amplifier ouput dataport and rename it dp2 and port 2 as
shown — click OK. It is recommended that you specify names and

designators appropriately — this makes it easier to troublehoot and work with
your designs.

e. Notice the new model icon in the workspace tree. & Simple_Path_Maodel (Maodel)

f. Back in the BER_EVM schematic, delete the 3 original components (Delay,
Noise and Amplifier) — you no longer need them now that you have a model.

g. Save the Workspace.

Next, you will set up the model parameter values with variables.

9. Subcircuit Parameters and Equations

This step shows how to setup parameters that can be passed into the model
for use at the higher level design. In this case, you will set up parameters for
the delay, noise, and loss through the simple path model.

a. Open the new schematic Simple_Path_Model, go to the bottom of the
model window and click the Parameters tab. This is where you specify

parameters for the model — it is like delcaring variables or equations that you
can pass.

b. Click Add Parameter and insert your cursor in the Name field and type in
My_Delay as shown here. Then type in the Description: Delay (Samples)
and set the value to 100. Check the boxes for Tune and Show.

7 Simple_Path_Model i3
Narme Description Default Value | Units| Tune| Show | Initially Use Default Validation
My_Delay Delay (Samples) 100 |() 7] @] Fleating peint number
My_Moize Meise Density (dBm/Hz) -70 |dBm | [ W] Fleating peint number
My_Less_dB| Path Loss (dB) 20 () 7] 7] Fleating peint number
|+MFM&||JCWPW||K Delete Selected Parameter
 Up |'!'Dmm| FF Edit Enumerat
[£4] PartList ] [z= Schematic ] .2 Equations @paﬂmﬂem!
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c. Use the Add Parameter button again as needed to specify the other two
parameters exactly as shown here: My_Noise and My_Loss_dB. The
Description is not requried but it is recommended to make it easy to identify
the parameter and its units.

d. Check all three parameters and be sure they are typed in as shown. When
they are complete, click the Equations tab. On the right side, type in the
equation: PL_dB = -abs(My_Loss_dB) as shown here. Press GO and they
should appear as shown here.

Debua
Up to date

Wariable

My _Delay=100

My _Loss_dB=20

1 PL dB = -gbs (My_Losa_dB); =«

My _Noise=T0 dBm
PL_dB=-20

.2 Equations

NOTE: If the values are not correct, go back to the Parameters and re-enter
them or try the Go button here.

Now that you have declared these values, the next step is to assign them.

e. At the bottom of the model window, select the _
Schematic tab. [:} Schematic |_

f. Edit the Delay and set the N value to the
parameter My_Delay as shown here. Delay »<>_>

Also, check the boxes for Tune and Show and

click OK. Hame Value Units
M My _Delay [}
OutpuiTiming |0:EqualTeinput |}

g. Edit the Noise Density component and Noise Density | —p o€ | p
set the NDensity to the variable: y Density
My_Noise with the Units in dBm as
shown. Also, check the boxes for Tune Name Value Units

and Show and click OK.

NDensityType | 0:Constant noize density ()
MNDensity My_Noize (dBm
RefR 50 (Ohm
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h. Edit the Amp and set the GainUnit to dB as

!

shown here. Also, type in the Gain which is Amp
path loss in dB passed from the paarameter

equation you wrote:

PL_dB Hame Value | Units
GainUnit 1:dB ]
Also, check the boxes for Tune and Show Gain PL_dB [()
and click OK NoiseFigure o)
GCType l:none ()
RefR 50 [Ohm

i. Check all you work, then Save the workspace and close the model window.
The next step will be to inser thte model in the top level design: BER_EVM.

10. Inserting the Subcircuit model

a. With the BER_EVM schematic open,
click on the model icon,
Simple_Path_Model, and drag it into
the schematic — insert upper right of
the modulator as shown here.

b. Use one hand to press the keyboard
Alt key and the other to drag the wire
away from the modulator OUT pin as
shown here. Leave enough room for
the model to be inserted.

NOTE: If you have any trouble,
use the Undo icon and try again.

= {23 EVM_EER
{7+ BER_EWM (Schemakic)
- Cross_Coer (Schematic)
| OF_BER,_EVM (DF _EVM_BER) [CMd Da
i~ DF _BER_EVM_BRs
4 OF_BER_EVM_CrossConr_Channel [O
| DF _Cross_Corr
o DF _Cross_Coer_Eits
7 DF _Cross_Coev_CrossCom
2 oF_EwM_BER (BER_EVM) [Old Diata)

> Simple_Path_Model (Model) 7]

g, et )-‘
i Swnel\'ﬂ:‘j' {S""ule_ Fath_Model}
Mod < B N
P S = 1 0
nipCiats Flow Models} \ Q
lu:T'ﬁf:h'O )
ez Usethe Alt key to disconnect

wire from pin — then move wire
away and click.

Copyright 2013 Agilent Technologies

15



Lab 4: EVM and BER Basics

c. When ready, connect the model between the modulator OUT pin and the
existing wire that connects the the demodulator as shown here.

E~ Simple_Path_Model (Model)

v

| Ky
TN
=
Prose  auac
1(LPF_RaisedCosine@Data Flow Modeis) ‘ o ou 4’.
" SymbaRate-3 8446z [Sample. Rate2] Mod
i 35
Gray § ® e | B e i
Bneser PuiseEqualizaion=NO
MAPPER Re ; al Models}
pdTyporia y
51 (PRES@Daa Fow bodels| 61 Mok M (Mapper@D) oo Models X FCanier-z2ntz |
VodType=0Psic P .

NumBits=2
BitOrder=MSB first —_
F2{LPF_RaisedCosine@Dala Flow Models)
SymbolRate: [Sample_Ratel2]
35
Y

SquareRoot=YES
PuseEquaizalion=NO

| e
/_\/
3 (LPF Raisodc )
Fi SymbalRate=3. iz [Sar Nejale’?]l DEMAPPER
g » - Im —’o

Pha
P DeMod et <
-
Decoder
02 (Demodator@Data Flow Models) R1 (ReclTaCx@Data Flow Models) o1 Madels) Ouits (Srk@Data low Mot}
OutpuType=1iQ > ModType=QPSK G2 {GrayDecoder@Data Flow Models) iStopOpton=Samples
FCarrior=220MHz NumBits=2
BiOrder=MSB frst
F4 (LPF_RaisedCosine@Data Fiow Models) >
SymbaiRate=3.64e+6Hz [Sample_Rater2)
ROlON=0.35
SquareRoo=YES EVM
PulseEqualization=NO E1{EVM_Cx@Data Flow Models}

Start=10.426-Gs [B0/Sample_Rale]

‘SymbolRate=3 84e+6Hz [Sample_Rate/2]
Resi 100

1 REF P cRosS Deay (Sink@Data Flow Models)
‘StartStopOption=Samples
D3 {Delay@Data Flow Models} B2(BER F
N-%0 SiartSiopOpion-Samples CorrelalonLengtr=1000
ampleSiart=

InBits (Sink@Data Flow Models) StartLag=0
SarSiopOpton-Sampes — Sz 10

OutputTiming=EqualTolnput
CrossCorr {Sink@Data Flow Models)
StartStopOption=Samples

=0
BitsPerFrame=100
EstRelVariance=001

d. Save the workspace again.

11. Adding a Table to View Results

a. Run the analysis — this will give the results with the path model and its initial
settings. Next, you will set up a table and a slider to easilil the effects of the

added path model to the design.

b. In the workspace tree, add a table to the EVM_BER folder as shown here
and type in a name for the table: BER_EVM_table. In the Table Properties
tab, select the dataset: DF_BER_EVM as shown here — click OK as needed.

r@ Tablel Properties

M- | | General | Table Propertes |

| - BERE Add » | B Add Table.,

@ Default Data or Equations: iE BER_EVM -j

Bits Data
Context OF ._L |
DF_Code_and_M F
Mame: BER_EVM_Table | BF Cross Corr o
[Equations] |
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c. Also in the Table Properties, add (type in) the two measurements and labels
shown here: B2_BER labeled Bit Error Rate and E1_EVM_RMS labeled
EVM %. Remember that B2 and E1 are only component designators, which
in turn are appended by the resulting measurement — click OK.

m Table Properties

Default Data or Equations: [DF_BER_EUM v]

Context Measurement Label (Optional) | Units Dizplay Format Hide?
DF_BER_EWM |B2_BER Bit Error Rate Mone |{default: Real+Imaginary) |:|
OF_BER_EVM | E1_EVM_RMS EVM % Mone |(default: Real+Imaginary) |:|

[+ Add H.‘.‘(Eemuue“#\ Lp ][\-'Duﬂn]
[] Automatically write data to file: Browse. ..

[ Ok ] [ Cancel Apply

d. The new table should look like the one
shown here with BER and the % EVM —
easy to read (your EVM% may vary
slightly). Try moving the panels, or right
click to turn off index values, to hide them.
You size the table also and SystemVue
will keep it that way even after you close it.

e. Save the workspace again.

12. Cross Correlation Results with the Path

[ BER_EVM_Table

Bit Error Rate  EVM %
047 27152

Model

Index
B2_BER_Index
Bit Error Rate
El Index
EVM 2%

LN |S| S|~

a. In the Workspace Tree, make a copy of | DF_EVM BER Cross Corr Channel

your cross correlation plot and rename
it DF_BER_EVM_CrossCorr_Channel.
Go to it's Properties dialog and change
the Context from DF_Cross_Corr to
DF_BER_EVM. Click OK.

CrossCom
=)

Context

Edit.. || Remove || DF_BER_EVM -

0o WaaVadl)

CrossCorr

hen AN A

_/

0 10 20 30 40 50 60 0 80

80

100

CAd |

—— CrossCom

You should see the peak value at 40 samples now that the model delay has

been added.
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Lab 4: EVM and BER Basics

Now, here’s a question: Can you figure out why the delay now is at additional

40 samples? (Hint: Remember the Tx Filters upsample/interpolate. Ask your
instructor if you’re stuck.)

Also, make a copy of your DF_Cross_Corr_Bits plot, name this
DF_BER_EVM_Bits. Notice the Bits are no longer aligned

(NOTE: As above, change the Context in this Graph Properties dialog as
well, to DF EVM_BER, to ensure you're viewing the correct data):

With these results, you can adjust the input delay from 50 to 90 (add the 40
sample time) to the input.

b. Set the Delay from the bit source from
50 to 90 as shown here.

VX «¥ 3@

03
c. Go to the InBits and OutBits sinks and :

increase the samples to 200 as shown JLOutou] SEalopt
here. With a delay of 90 samples, you D3 {Delay@Data F Gels) ‘

need more data in the plots to see the N=90
bit alignment. OutputTiming=EqualTelnput

Data Collection
2 (O Automatic (Prefer Time, then Samples) 3
OutBits {Sink@Data Flow Models) © samples From: | 0 To: | 200 . InBits {Sink@Data Flow Models}
StartStopOption=Samples StartStopOption=Samples

d. Run the analysis again and you should see correlation and aligned bits after
90 samples as shown here.

o e seR o (oo s

Bits
M
H |
|

o 20 0 60 80 100 120 140 160 180 200

a_—
[ —

e

—— CutBits
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Lab 4: EVM and BER Basics

e. Edit your DF_BER_EVM_Bits plot and change the Y axis to 200, if needed.

Next, you will see the effects of noise and loss.

13.

Tuning Sliders and Constellation

a. From the Annotation Toolbar, use the icon to insert two
sliders into your BER_EVM schematic as shown here.

b. Edit the first slider and set it to the variable:

(Subnetwork1.)My_Noise. Set the min: -100 and Max -20

using 10 Tics. Also, uncheck the box to Display long variable

name and check Hide name prefix — click OK as needed.

3 shider {adjusts parameters)

100 B0

My_Moise

Mumber of Tics:

10

[¥] Run simulation(s) when tuned
["| Display long variable name

[ Hide name prefix
["| Disabled (grayed)

|| Snap to integer values

o ]

Mumber of Tics:

[¥]Run simulation(s) when tuned
|| Digplay lang variable name

|| Dieabled (grayed)

Variable
Subnetwork 1.My_Delay

Path Value Tuned

Designs \EVM_BER'\BER._EVM 100

Y5 bnetwork . My_Noise De,@.d.EvM | BERIBER._EVM Eﬁﬁmm
Subnetwork LMy Loss df | Designs\EvM BERBER EvM (20 [x |

My_Noise
-70dBm

-20

-100

My Loss d8
20

50

c. Edit the other slider for the My_Loss variable from 0 to 50 dB with all other
settings the same as My_Noise. You should now have two sliders to adjust
the path loss and noise.

d. Insert one more sink (keyboard
s) connected to to the intput of
the Demapper as shown here.
Name the sink Constellation
and leave the default settings
(automatic). This will collect
data for the coded constellation
plot that you will set up next.

e. Set new values with the sliders
and run the simulation.

| Re

R1{RectToCx@DataFlow Models}

(123)ed! »

Constellation

StartStopOption=Auto

P

DEMAPPER

Node 4>O

......

D1{Demapper@DataFlow Models}
ModType=QPSK

|

EVM

E1{EVM_Cx@DataFlow Models}
Start=10.42e-6s[80/Sample_Rate]

SymbolRate=3.84e+6Hz [Sample_Rate/2]

ResultLength=100
ModType=QPSK
MeasurementFilter=None
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Add one more Graph to the workspace tree in the EVM_BER folder — you
should know how to do this by now. Select a Constellation type and the
Constellation sink data. You can also set the X and Y axes form -0.1 to 0.1.
You should now have a plot of the coded constalltion as shown here.

Graph Series Wizard (Locked Graph Mode) [ 4 Constelaiion == j
Type of Series Selected: Data Selected: | = lNone = v (Y
Constellation [ o oFEEREWM I L o =i

. e o o
A Al
.
g dsel
g : L
X-Axis ¥ -Axis
-
X -Axc -
i - = i’
| Auto-Scale Min: 0.1 Max: 0.1 Units:| None e
| Logarithmic Label: # Divisions: 10 - i e ‘,‘

NOTE: The samples in the middle are the startup (delayed). You can
remove them on the graph by editing the custom equations and entering the
startup value. These might also ruin your EVM measurement — you can
therefore add additional 40 samples of delay to the EVM sink’s Start
parameter from 80/Sample_Rate to 120/SampleRate. You can play around
with this parameter, if you have time.

f. Save the workspace again.

14. Tuning with BER, EVM and Constellation Results

a. Go ahead and adjust the sliders to see the effects of loss and noise on the
BER, EVM%, Constellation and Bit alignment.

b. Experiment with the settings if you have time. Save the workspace and close
all window when you are finished — unless you do the optional step (next).

& Constett S EIE]

e M Table (o[22 ]
Bit Error Rale EVM %
0 6.876

0
‘@j
£3

= DF_EVM_Bits

FE | —

T T
T
T

==

|ttt
1 e

EEE

My_Nose y._Loss_ o6
TE 518 5527

i

b e e e

s

-
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15. OPTIONAL: Modulator IQ Impairments

a. Reset your schemat and set Noise to -70 dBm and

My Loss to 20 dB.

b. Edit the modulator and select the option to

ShowlQ_Impairment: 1:YES, as shown here.

T

|Shuw]£3!__lnpairmﬁ'|t: | 1¥ES  w J

c. Click the Model Help button. All the components have this button which you
can use to read about the various parameters and how to set them. Take a
moment to read about the impairment parameters as shown here. Close the

Help when finished.
[@ Model Help ]
Hame Value Units

Nt Ty pe [
FiCarrier 220 [(MHZ)
InitizlPhaze deg
AmpSensitivity 110]
ConjugstedGuadrature [l
MirrorSigral [
ShowlG_Impairmernts 1:%ES ]
Gainlmbalance 4100
Phaselmbalance 11 deg
I_Originffzet 0o
Q_OriginOffset 0.0y
I2_Rotation 5 deqg

Modulator (Modulator)

d. Try setting some of the impairments (similar to those shown here) — click OK.
Then run the analysis again and look at the results in the dataset to see the
effects. Of course, your values will vary depending upon how you set the

parameters, but further degrading should occur.

e. When finished experimenting with modulator impairments, edit the
modulator again and click Parameter Options and Use Default:Check All.
Then uncheck the FCarrier box (Use Default) to return to 220 MHz with no

impairments.

f. Now, your schematic should
only have the channel and
no other impariments.

g. Save the workspace and
close all windows.

END OF LAB EXERCISE

E| Parameter Options

|UseDefauIt: Check All |r\. Reset to defaulis.
i

Show: Check all
Uncheck box and

previous value
will appear—220
MHz in this case.

2
g
FEEE
) ) | S
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