QUICK START GUIDE FOR PSCOPE
AC DATA COLLECTION AND ANALYSIS SOFTWARE

DESCRIPTION

Pscope is a data collection program for use with
Linear Technology ADCs. Compatible with
DC718B/C, DC890B and DC1371A controllers this
software is capable of evaluating such AC specs
as SNR, THD, S/(N+D) and SFDR. Additionally
Pscope can evaluate spread spectrum tests such

as ACPR and two-tone tests like IMD third order
intercept. Data rates as fast as 250Msps
(135Msps with DC718B) are possible using
Pscope. DC1371A is used for very high frequency
serial interfaces. Many display, data capture size
and windowing options are available.

PEcope

Figure 1. Pscope Icon

IS PScope XD K70

=10l x|

File View Tools Configure Help

Page 1 | Page 2
Ch 1 Time Domain

Ch 1 Fourier Transform

Ho data

G AV

Channel 1

Parameters Harmonics

sps |5U
Size :I 8132

¥ Repeat MoWindowing -
[ ADC Ful Scale

Collect

Created Tones Pipeline
Signal source: Mone
Signal source: Mane

L] TECHNOLOGY

Figure 2. Pscope Startup Screen

Ly YR



QUICK START GUIDE FOR PSCOPE
AC DATA COLLECTION AND ANALYSIS SOFTWARE

DESCIIPLON ... 1 P-WaVe ..o 8
Quick Start Procedure ........ccccceevvvveeeeevciviee e 4 TEXE LIS wvveeiiiiieee e 8
Menu Bar OptionS.........ccceevviveiiiee e 4 FS et 8
FIlE e 4 Flo . 8
Load Data... ...cccceeviiiiiiie e 4 BINW 8
Save Data as........ccccocceviiiiiiii i 4 FLIBIN (o 8
Save FFT Data as... ...ccccoevieiiiiiciee, 4 FLampP..ooeo e 8
Print... oo 4 SNR 8

EXIE oo 4 SINAD ...ttt 8
VIBW L. 4 THD o 8
View Product Page for ADC..........cccccuve.. 4 SFDR .. 8
TOOIS ..t 5 MINCOUE ..o 8
Update Program..........cccoeverieenienieennnenn 5 MaXCOUE ... 8
Contact Software Support...........ccceeevveennee. 5 DCLEV ..ottt 8
Configure ......oeeceeeece e 5 o] PR 8
ADC Configuration... ........ccccooviiiiiieennnnne 5 F2-FO o 9

Use Internal Generator ...........ccccceeevvveeenneen. 5 NYQ i 9
SWItCh COlOrS ...vvveiiieiieeie e 6 LT e s 9
HEIP oo 6 X-Channel........ccooiiiii e 9
Contents... ..cooovevceeee e 6 Editing Display Format of a Window .............. 9
View Manual on Web ............cccoeiiieeiinnn, 6 Panning.......ccccocveeeiiieee i 9
ADOUL... e 6 ZOOMING ...ttt 9
WINAOWS . 6 RESIOIE .o 10
Control Panel .......c.ccoovvieiieicee e 7 POINES ..o 10
COLLECT i 7 NOIMAL ..o 10
SIZE i 7 TOOIDAT ... 11
Repeat......ccccviiieiiiiee e 7 Reserved ... 11
ADC Full Scale.......cccccooviiiiiiiiieciee, 7 Processing OptioNnS .........cccevevvieeiiiienieeninns 11
WINAOWING...ovviieiiiiie e 7 FT Labels....ccccccooiieiiee 11
Status MesSages.......cccevevvvvveeeeeiiiiee e 7 Harmonic Labels..........cocceeiiiiiiiiiiiencn 11

FFET Graph ....cooooeeiiceee e 7 Other OpLioNS ......cccvvivieiiiere e 11
INPUE DAta ... 7 Trigger Mode .......cooovvvvvvieiiiiee e, 11

Ly YR 2



QUICK START GUIDE FOR PSCOPE

AC DATA COLLECTION AND ANALYSIS SOFTWARE

Coherent Freq Calculator ............ccccecueee 11
RESEIVEU.....cciiiiiieie e 11
CrestFactor ... 13
ACPR .o 13
APOWET ..o 13

B POWEN ... 13
RMS e 13

Set TwWo-Tone Mode........cocvevvieeiiienieenieene 13
B e 13
F2ZAMP oo 13

IM 3L e 13

IM BU e 13
SPUN et 13
RIP3 oo 13
Enable Power Averaging ...........ccccoeeevuveenne. 13
Enable Vector Averaging ........c.ccccoeveervennnnnne 14
Display Primitive Wave.............cccccceveevviveenne. 14
Display IFT ReSUltS..........cccceevevveeiiiiecciiee e, 14
Edit User-Defined Noise Mask ..................... 14
Apply User-Defined Noise Mask .................. 14
Define ACPR RegiONS ......cccccocvvveviiieeciiieen, 14
Set Demo Bd OptioNnS.........cccocvevveeiiciieene. 14
Appendix A - Installing Pscope ..........ccccvvenee.. 16
Appendix B —Edit IFT Mask Example............... 17
Appendix-C edit user-defined noise mask ....... 18
Appendix-C edit user-defined noise mask ....... 19

Appendix-C edit user-defined noise mask....... 20
Appendix D Pscope Status Messages............. 22
INfOrmMation........ccooveviieniiie e 22
Created tones pipeline .........cccevvveieennnn. 22
Created spread-spectrum pipeline............ 22
Data collection aborted..........c.cccccevvveninenn 22
FPGAload OK ......ccovvveiiiieiieeeee e 22
Found demobd Demo Board Name.......... 22

Load not in flash, using Pscope’s library.. 22

Loading bank y W/type X......ccccoevvvrivieninnns 22
Loading FPGA for type X .....cccceeevveevvnennne 22
Signal source Controller name.................. 22
Action Required.........cccocceevvienieinieiiesen 22
Bad or NO CIK ...oovveiiiiiieiiese e 22
**Can’'t ID device ......ccoovveviieiiiiiieci, 22
Can’tstart FPGA ..., 22
Controller error .....ccocveveevie e 22
Controller needs external power .............. 22
Data collection timeout .............cccceeveenenn 22
Data transfer error or Data collection error
.................................................................. 22
Error loading FPGA ... 22
Error reading FPGA status register .......... 22
No Ack, loading FPGA............cccoveeiieene 23
No demo board.........cccceeveevieeeiiie e 23
PCfile 1/O €rror........cccoeveivieiiiiiesieesinn 23

Ly YR



QUICK START GUIDE FOR PSCOPE
AC DATA COLLECTION AND ANALYSIS SOFTWARE

QUICK START PROCEDURE

Download Pscope from
www.linear.com/designtools/software.

Install the software according to the directions
provided in Appendix A. After installing the soft-
ware, attach the controller board to the computer
with a USB cable. Connect the ADC demo board
to the controller board and apply necessary
power (see demo board manual for connection
details) to the ADC demo board. Double-click
the Pscope icon (Figure 1) to start the program.
You should see something similar to Figure 2 on
the screen.

The Pscope software should recognize the ADC
demo board and configure itself automatically.
The status message in the lower right portion of
the window should indicate the controller board
and demo board detected by Pscope. Click the
Collect button to begin acquiring data. The Col-
lect button then changes to a Pause button
which is used to stop data collection.

MENU BAR OPTIONS

Menu bar options can only be accessed when
data acquisition is paused.

FILE

| File

. Load Data. ..

| Save Data 4s...
Save FFT Data As...

Print...

Exit

Load Data...
Load saved data (.adc format) to display.

Save Data as...

Save raw captured data (.adc format) for later
display or for use in Excel. Data is saved in a
comma delimited format which can easily be
read by a variety of programs.

Save FFT Data as...

Save data from fft window for use in Excel or
other programs.

Print...

Prints current Pscope window along with com-
ments.

Exit

Terminates the Pscope program.

VIEW

b e

Yiew Product Page for ADC

View Product Page for ADC

Displays product page for ADC contained on the
ADC demo board from the Linear Technology
web site. Data sheet, reliability data and applica-
tions information are available.
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TOOLS

Tools

Update Prograrm
Contact SW Suppart

Update Program

Checks LTC web site and automatically updates
Pscope if a newer version is available.

Contact Software Support

Provides email contact information for Pscope
questions or suggestions.

CONFIGURE

Configure

ADC Configuration...

| Lse Internal Generator

Switch Colors

ADC Configuration...

Allows the ADC parameters to be manually con-
figured. Options include number of bits, number
of channels, alignment of the data in the 16-bit
space (16 indicates the MSB is in the left most
bit, 15 is shifted 1 to the right etc.), bipolar or
unipolar, and whether the data is latched on the
positive or negative edge of the clock. If you are
using the DC890B or DC1371A controller you
will also have an option for FPGA Ld which tells
the controller to load a specific module for the

ADC Configuration

[ Pead Dema Board | Corfig Manualy
DemaBd DC11904-4 LTC2366
Bitz 12 1 * | Channz
Alignment |16 [ Bipolar
FRGALD | 52366 v Positive-Edge Clk

board being tested.

The modules are specific to those part number
families. CMOS is used for parallel CMOS parts
and LVDS is used for parallel LVDS devices.
TEST is a debug mode for internal LTC use only.

52366 -

CMOS
LVDS

51407

51408

52308
EYETT—
DDR CMOS

DDR LVDS

TEST

Additionally, if you are using the internal signal
generator simulation, this is where you will ad-
just such things as resolution, number of chan-
nels, frequency (MHz), sample rate (Msps), Am-
plitude Noise, Phase Noise, AM Frequency, AM
level, Fundamental Attenuation, and Harmonic
Attenuation.

Signal Generator Options

~Device Characteristics

Resolution |1B Bits |1 'l # Channs

~Signal #1

Freq |1.3?? MHz Phase Il]
Samp Rate |3.192 Msps Atten Il]
AM Freq IU MHz AM Level Il]
Il]
Il]

]

De
dB
%

Phs Noise Il] picoSecs Amp Noise

—Signal #2

Freq Il] Atten Il] dB  AM Freq

Cnts

MHz

Cancel |

Use Internal Generator

Select this option to use the internal, one or two
channel, signal generator simulator. Configure
the signal generator using the ADC Configura-
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tion selection. This is intended primarily for LTC
internal usage.

Switch Colors

Switch between black background and white
background.

HELP

[relp |

Caontents, ..
Wiew Manual on Web
About, .,

Contents...
An abbreviated version of this manual

View Manual on Web
A PDF version of the complete PScope manual.

About...
Contains version information on Pscope.

WINDOWS

The PScope main screen is designed to be
configurable by the user. The main area of the
screen is organized into 2 to 7 tabbed pages.
The number of pages is usually equal to the
number of ADC input channels plus one. Data
displayed on each page can include input da-
ta, primitive wave and frequency domain data
for each channel. The “plus-one-page” is
"free" for the user to configure as desired.
However, any of the pages can be configured
at will.

Each page is divided into several windows
separated by red lines. The size and contents
of each window can be set by the user as fol-
lows:

To change the size of a window, move the
cursor to point at one of the red lines bound-

ing the window. The cursor will change to a
horizontal or vertical double-ended arrow, de-
pending on where it is positioned. Click on the
left mouse button and drag the line to wher-
ever you want it. When you release the button
the windows will change size appropriately.

To change the contents of a window, place
the mouse over the vertical red line to the
right of the window and click the right button.

A menu will be displayed that allows you to
clear the window, to float the contents of the
window, to split the column containing the
window or to delete the column containing the
window. Also placing the mouse over the red
~ 5plit Row Control Pane|
~ Delate Pow Ch 1 FFT Gragh
Ch 1 Time Domain
Ch 1 P-\Wave
Ch 1 Text List
Ch 1 IFFT

horizontal line below the window and right
clicking the mouse will give you the option to
<= Clear Window
<~ Float Window
<~ Split Column
<~ Delete Calumn

split or delete the window. Right-click inside a
cleared window. This will bring up a menu of
all the data types available to be displayed.
To create a new window, choose Split Col-
umn or Split Row from the menus. This will
open a blank window which you can then fill
with data by right-clicking inside the window,
as above. Whatever configuration is created
will be saved on exit and restored next time
the program executes.
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CONTROL PANEL

Mspz |50
Collect .
Size 8192 -
[ Fepeat |BIkmn-Harris EEdBﬂ

W ADC Full Scale |

Created Tones Pipeline
Signal source; DC718
Found demabd: DCT2554-8
Abort

Signal gource: Sighen
Found demaobd: Sighenl

LY TR

COLLECT starts data collection. After Collect is
selected the button changes to Pause which is
used to stop data collection.

Msps tells Pscope what the sample rate is. This
does not set the sample rate. It is informational,
so that the correct frequency will be displayed if
frequency is selected for X-axis of FFT plots. It is
important to set this box correctly as this deter-
mines how long Pscope will timeout.

Size is the sample size of each data collection.

Repeat if checked, tells Pscope to continuously
take data samples of the indicated size when
Collect is pressed. If not checked pressing Col-
lect takes one sample of the indicated size, dis-
plays the data and stops.

ADC Full Scale when checked displays time-
domain input data and p-wave with the Y-axis
set to its maximum value. If not checked the Y-
axis is auto scaled.

Windowing This selection box determines
which windowing algorithm if any is used to cal-
culate FFTs. The types of windows available are

Hamming, Hann, Blackman, Exact Blackman,
Blackman-Harris 72dB, Blackman-Harris 92dB
and Flat Top.

Status Messages Pscope communicates mis-
cellaneous messages to the user in this window.
Some messages, such as the type of controller
or type of demo board are purely informational
and require no action on the part of the user.
Others such as Data collection timeout suggest
that no clock signal is being applied to the demo
board.

FFT Graph

The FFT graph displays a Fourier transform of
the input data using the specified window. Win-
dowing is not necessary if the input data is co-
herently sampled. Coherent sampling is defined
as fin:fs*NcycIes/NsampIes

Where fin is the input frequency, fs is the sam-
pling frequency, Ncycles IS an integer number of
cycles of the input frequency and Nsamples is the
number of data points taken. Nsamples Mmust be a
power of 2. For best results use an odd prime

Ch 1 Fourier Transform

400 8§00 1200 1600 2000 2400 2§00 3200 3600 4000

number for Ncyces. A coherent input frequency
calculator can be found in the Processing Op-
tions toolbar.

Input Data
The input data graph displays the raw input data

Ch 1 Input data

S U T RN EE SRR S RN LN TR

1000 2000 3000 4000 5000 6000 TOOO 00O

in the time domain.
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P-Wave

The P-wave is a primitive wave reconstruction of
one cycle of the input data waveform based on
the input frequency and data sample rate.

Ch 1 P-Wave
32000

24000
16000
8000

0
-B000
-16000
-24000

0 10000 2000 3000 4000 5000 6000 TOOO @000

Text List

The text list provides a summary of the entered,
measured and calculated data for each channel.

fs (sampling frequency) is entered by the user in
the Msps window.

F1 (input frequency) is the frequency of largest
amplitude measured and is calculated based on
the sampling rate. If F1 is greater than fs/2, F1
will be aliased to a frequency between DC and
fs/2.

BinW (Bin Width) is calculated by dividing the
sampling frequency by the number of samples.

F1Bin (The bin in which the input frequency
falls) is calculated by dividing the input frequen-
cy by the bin width.

Flamp (Input frequency amplitude) is calculated
by 20LOGao(input amplitude/full scale amplitude)
Flamp is expressed in dBFS

SNR (signal to noise ratio) is calculated from the
FFT data. It is the ratio of the rms amplitude of
the fundamental frequency to the rms summa-
tion of all other frequency components except
for harmonics of the fundamental frequency and
DC. SNR is expressed in dB.

SINAD (signal to (noise + distortion) ratio) is cal-
culated from the FFT data. It is similar to SNR
except that it does not exclude harmonics of the
fundamental frequency from the noise calcula-
tion. SINAD is expressed in dB

Channel 1

8.192000 Msps
F1 1.377000000 MHz
BinWW 1000.000 Hz
F1Bin 1377
-0.000 dBFS

Harmonics

Parameters

SNR 82.38dB|F2 -100.45 dBc
SINAD 8211dB|F3 -100.57 dBc
THD 9435dB |F4  -100.84 dBc
SFDR  99.70dB | F5 -99.70 dBc
ENOB 13.35bits |F6 -113.11dBc
Mincode -32768 | F7 Absent
Maxcode 32767 |FB Absent
DCLev 0.0|F9 -122.66 dBcC
Flor -118.51 dBFS | Nyq -127.21 dBc

THD (total harmonic distortion) is calculated
from the FFT data. THD is the ratio of the rms
sum of the first five harmonics to the RMS full
scale amplitude. THD is expressed in dB.

SFDR (spurious free dynamic range) is calculat-
ed from the FFT data. SFDR is the ratio of the
fundamental amplitude to the amplitude of the
next highest amplitude frequency component.
SFDR is expressed in dB.

ENOB (effective number of bits) is calculated
from SINAD. The formula is (SINAD-1.76)/6.02.
A theoretically perfect ADC of N bits would have
an ENOB of approximately N bits. ENOB is ex-
pressed in bits

Mincode (minimum code) is measured. It is the
lowest code recorded. Mincode is expressed in
counts.

Maxcode (maximum code) is measured. It is the
highest code recorded. Maxcode is expressed in
counts.

DCLev (DC level) is calculated from the input
signal. It is the average level of the input signal
expressed in counts.

Flor (Noise Floor) is the average level of the
FFT after subtracting out DC, the fundamental
and its harmonics. The Flor level can be fine
tuned by editing the user defined noise mask

Ly YR
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and then turning on the apply user defined noise
mask function. Flor is expressed in dBFS or dBc.

F2-F9 (2" through 9" harmonics) are the levels
of the harmonics of the fundamental F1. Fx is
expressed in dBc.

Nyq (Nyquist signal level) is the level of the sig-
nal at Nyquist (Fs/2). Nyq is expressed in dBc.

Ch 1 Inverse Fourier Transform
60000

40000
20000
0

-20000
-40000

-60000
0 1000 2000 3000 4000 5000 6000 TOO0 BOO00D

IFFT

You can display the Inverse Fourier Trans-
form of the desired Fourier Transform channel
by creating an IFFT window for that channel
and then clicking on the Toolbar button la-
beled Display IFT results. The Fourier Trans-
form on which the Inverse Fourier Transform
is performed can be modified by using the IFT
Mask Edit button to the left of the Display IFT
results button on the Toolbar.

The IFT "mask" is really an array of attenua-
tion factors, one per bin of the original fre-
guency domain data, which will be applied be-
fore the IFT is calculated. This allows arbitrary
filtering of the signal, including the removal of
single-bin spurs or other artifacts, before cal-
culating the Inverse Fourier Transform.

The mask starts out with O attenuation for all
bins. To change the value, click on the IFT
mask edit button on the toolbar. The dialog
that is displayed lets you specify an attenua-
tion and apply it to selected bins by clicking
the left mouse button and dragging the result-
ing white line over the bins that you want to
attenuate. Note that a negative attenuation
factor boosts the corresponding bin.

Whatever configuration is created will be
saved on exit and restored next time the pro-
gram executes.

X-CHANNEL

The X-Channel is available on page 3 of a two-
channel part. It displays the relative magnitude
and phase of the two channels. Magnitude and
phase are measured with respect to channel
two. X-channel is displayed but no data provided
with other numbers of channels or in spread
spectrum mode.

Relative Phase
Relative Mag

-118.77119°
-3.83dBC

EDITING DISPLAY FORMAT OF A
WINDOW

The windows in Pscope have panning and
zooming capability, and can be set to display
as a series of connected points (the default
setting) or discrete points.

Panning can be accomplished by moving the
crosshair cursor to the right of the data (for Y-
axis) or below the data (X-axis) edges of the
graph. The cursor will change to a double arrow.
Then left-click and hold down the mouse button
and move the cursor up-down or right-left to shift
the plot to the desired position.

Zooming is done by moving the crosshair cur-
sor to the left of the data (Y-axis) or above the
data (X-axis) edges of the graph. The cursor
changes to a <-+> to indicate zoom mode. Then
click and hold down the left mouse button and
move the cursor to zoom in or out on the graph
to the desired scale.

A gquick zoom/pan move which centers a giv-
en point on the graph can be accomplished by
placing the crosshair cursor on the point you
want to center and double-clicking the left
mouse button. Centering a point on the
screen will keep that point from moving when

Ly YR
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the scale is increased or decreased, facilitat-
ing additional zooming in on the point.

Clicking the left mouse button on a data point
causes Pscope to display the X and Y coordi-
nates of that point.

Clicking the right mouse button while the cur-
sor is inside one of the graphs (when the cur-
sor appears as a cross) displays a "pop-up”
menu with the following entries:

Restore

¥ Paints
Marmal

Restore: displays all the data in an autoscaled
Normal format. This can also be accomplished
by left-clicking on the rectangle in the upper right
corner of each data window. This is useful if the
data goes off the screen while scaling.

Points: displays only the data points with no
lines connecting them.

Normal: displays the data points with a line be-
tween them. This is the default format.

Ly YR
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TOOLBAR
KA YMLs %=~ Sk Lo
g

RESERVED This button is not used in this ver-
sion of Pscope.

7

PROCESSING OPTIONS
T

FT Labeds Hamonie Labels

¥ axin Amplitude = Msaume cohoreat sampling whes
v Hin ¥ = JBFE e meens

I Frequency " doc # Harmonics W label
Coder Highlights FFY Avarnging
i+ Show nolse-exclusion reglon m RED [28 2ot FFT's %8 Average [MNavys]
 Shaw harmanic bandwidth is RED

12 § Carrecied Harmasicn

# Show sverage nolsedevel line In YELLOW in Vectar Average
Other Options Trigger Made
¥ Look tor SFDR spur sedy amang hamonics = N Trigger Want

Stan on Pasitive Edge

Caberem Frng Calosliator {MH2) Start on Negative Edge

o H00R1N3515625
Devlerd Cobernm
Cale |
Cancel oK

FT Labels format the x and y axis of the Fourier
transform. The x-axis can be displayed in counts
or frequency. The frequency displayed will only
be correct if the proper sampling frequency has
been entered in the control window. The y-axis
can be displayed in dBFS or dBc. dBFS normal-
izes everything to full scale amplitude while dBc
normalizes everything to the level of the funda-
mental.

Harmonic Labels determines where the labels
for harmonics occur and optionally how many
labels to display. Normally, the box labeled “As-
sume coherent sampling when locating harmon-
ics” is not checked. This means that Pscope
looks for the peak value near where the harmon-
ic should be located. If this box is checked the
harmonic indicator will be placed at exact multi-
ples of the fundamental frequency. Checking this
box also gives you the ability to set the number
of harmonics to be labelled. The program dis-
plays N-1 harmonics.

Color Highlights gives you a choice between
showing the noise exclusion region in red or
showing the harmonic bandwidth in red. Addi-
tionally you can turn on or off, a line that indi-
cates the average noise level

FFT Averaging allows you to enter the number
of FFTs to average for both power and vector
averaging and the number of corrected harmon-
ics in vector average. For vector averaging in-
creasing the number of samples reduces the
noise floor by the square root of the number of
samples. When performing vector averaging, the
number of corrected harmonics should exceed
the number of harmonics of interest.

Other Options allows you to determine whether
Pscope searches for SFDR spurs only among
harmonics or if the entire FFT content is
searched.

Trigger Mode tells Pscope to free run or wait for
a positive or negative edge on the trigger input
before acquiring data. See the Quick Start guide
for the particular controller board you are using
for the location and voltage requirements of the
trigger signal.

Coherent Freq Calculator is used to calculate
a coherent input frequency based on the sample
rate and sample size selected.

Y

RESERVED This button is not used in this ver-
sion of Pscope.
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Figure 3 Spread Spectrum Mode

Adjacent Channel Power Ratio Edit ACPR Results

ACPR 80.79 dB
A Power -8.76 dB
B Power -88.91dB

8000 12000 16000 20000 24000 28000

Figure 4. Define ACPR Frequency Bands

m evaluate spread-spectrum signals. One of the
SET SPREAD-SPECTRUM MODE is used to first th_ings you will not_ice upon entering this
mode is that two-tone, display p-wave, edit user
defined noise mask and use user defined noise
mask are not available. This is because the in-
put signal is assumed not to be a single tone.
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Channel 1

Ts 0.250000 Msps
BinWiidth 7.620 Hz
CrestFactor 1.410
ACPR 0.00 dB
A Power 0.00 dB
B Power 0.00 dB
Mincode -26605
Maxcode 27726
DCLewv 370.8
RMS -1.60 dBFS

The text list is also modified from the standard
list. New functions added are:

CrestFactor is the ratio of the peak signal am-
plitude to the RMS signal amplitude.

ACPR is the adjacent channel power ratio. This
is the ratio of the power in the A frequency band
to the power in the B frequency band. The fre-
quency bands are set using the define ACPR
regions button in the toolbar.

A Power is the average power in the frequency
band specified with the define ACPR regions
button.

B Power is the average power in the frequency
band specified with the define ACPR regions
button.

RMS is the rms amplitude of the input signal.
This is the equivalent of F1 amp in the normal
text list except that the input signal is not as-
sumed to be a single tone in spread spectrum mode.

IQ MODE is a subset of Spread-Spectrum mode.
It can only be activated if spread spectrum mode
is used with a two-channel device. It is used to
separate upper and lower phase related side-
band information in CDMA signals that would
otherwise overlap each other in a normal FFT
display.

dL

SET TWO-TONE MODE is used to evaluate
two-tone signals as shown in Figure 5. This
mode assumes that you are providing two pure
tones and Pscope then calculates and displays
the tones, the harmonics of the tones and the
sum and difference frequencies of the tones. F1,
2F1, 3F1, F2, 2F2 and 3F2 are the input fre-
quencies and the 2" and 3 harmonics of the
input frequencies. S is the sum of the input fre-
quencies. D is the difference of the input fre-
quencies. 3U, 3L, 5U, 5L, 7U and 7L are 3, 5
and 7™ order difference frequencies. The text list
is modified from the standard list. New items
added are:

F2 is the frequency of the second fundamental.
F2Bin is the frequency bin where the second
fundamental exists.

F2 AMP is the amplitude of the second fundamentzl.

IM 3L is a third order distortion product, calcu-
lated by 2*F1-F2.

IM 3U is a third order distortion product, calcu-
lated by 2*F2-F1.

Spur is the difference in amplitude between the
smallest amplitude fundamental and the largest
amplitude third order distortion product.

RIP3 is an approximation of the third order inter-
cept point. The formula is

RIP3= (3H(MIN(FLAmMp,F2Amp)-MAX(IM3L,IM3U))/2

ENABLE POWER AVERAGING averages a
number of samples of the fft window. The num-
ber of samples is specified using the options

Ly YR
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—

AbG

ENABLE VECTOR AVERAGING also averages
the fft window but it uses the phase information
in the fft to attenuate non phase related frequen-
cy content.

lg

DISPLAY PRIMITIVE WAVE tells Pscope to cal-
culate the primitive wave. Even if a primitive
wave window is open, no data will be placed in
this window if this button is not pushed.

S
L

EDIT IFT MASK The IFT "mask" is really an
array of attenuation factors, one per bin of the
original frequency domain data, which will be
applied before the IFT is calculated. This al-
lows arbitrary filtering of the signal, including
the removal of single-bin spurs or other arti-
facts, before calculating the inverse Fourier
transform. The mask starts out with zero at-
tenuation for all bins. To change the value,
click on the IFT mask edit button on the
toolbar. The dialog that is displayed lets you
specify an attenuation factor and apply it to
selected bins by clicking the left mouse button
and dragging the resulting white line over the
bins that you want to attenuate. Note that a
negative attenuation factor boosts the corre-
sponding bin. See Appendix B for an example.

L2

DISPLAY IFT RESULTS You can display the
Inverse Fourier Transform of the current Fou-
rier Transform by clicking on the Toolbar but-
ton labeled Display IFT Results. In addition,
you will need to create a window and have it
display CHX IFFT. The Fourier Transform on
which the IFT is performed can be modified
by using the Edit IFT Mask capability which
can be invoked with the button to the left of
the Display IFT button on the Toolbar.

EDIT USER-DEFINED NOISE MASK allows
you to subtract out frequency bands in the calcu-
lation of SNR and SINAD. This can be useful if
you are not doing coherent sampling and the
fundamental and harmonics spread into more
bins than Pscope allows for. Also you may find
this function useful if some external interference
needs to be removed. See Appendix C for an example.

o

APPLY USER-DEFINED NOISE MASK deter-
mines whether the user defined noise mask or
the automatically generated mask is used.

IL
DEFINE ACPR REGIONS is used in the spread
spectrum mode to determine the two frequency
bands whose relative levels are compared to
calculate ACPR.

o8
SET DEMO BD OPTIONS can be used by cer-
tain demo boards that have configuration op-
tions. If there are no demo-board options for the
particular board you are using, Pscope will tell
you. See the Quick Start Guide for your particu-
lar demo-board for details.

Ly YR

14



QUICK START GUIDE FOR PSCOPE
AC DATA COLLECTION AND ANALYSIS SOFTWARE

P PScope XD K61 - DC1190A-A (LTC2366)

File W“iew Tools Configure Help

Page 1 | Page 2 Aa Y B2 % 308 &8 LW

Ch 1 Input data Channel 1

2.000000 Msps

79.101562500 KHz

101.074218750 KHz

BinW 244.141Hz
F1Bin 324
F2Bin 414
F1Amp -11.497 dBFS
F2Amp -22.565 dBFS
IM 3L -87.76 dBFS
IM 3U -99.59 dBFS
Spur -65.20 dB
RIP3 10.03 dB
MinMaxCode 67 /3069
DCLev 1569.4

500 1000 1500 2000 2500 3000 3500 4000 5000 5500 6000 6500 7FO00 7500 8000 Floor -110.80 dBFS

Ch 1 Fourier Transform
Mspz |2

Collect

Size |g192 v

Fiepeat Blikmn-Haris 92dB v
ADC Full Scale | Awgd: 21

Prirted on 04/24/08 14:17:10
Device: LTC2366

160.0  180.0  200.0 240. 260.0 2800  F00.0

Figure 5. Two-Tone Mode
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APPENDIX A - INSTALLING PSCOPE

Download Pscope from

www.linear.com/designtools/software.

When asked whether to save or open the file
select Open

File Download |

looks suspicious, or pou do nat fully toust the zource, do not open or

@ Same filez can harm pour computer. |F the file infarmation belaw
zave this file,

File name:  ltcpz.exe
File type:  Application
From: |tzpice. inear. com

& Thiz type of file could harm your computer if it contains
raliciouz code.

whould pou like to open the file or gawve it to pour computer?

Open |

¥ &lwaps ask before opening this e of file

Cancel More Info

The following screen should appear. Accept the
license agreement and modify the default Instal-
lation directory if desired. Then hit Install Now.

I PScope Installation x|
PScope XD K70

License Agreement/Disclaimer

PScope XD is part of Linear Technology Corporation's Demo
System.

This software is copyrighted. You are granted a non-exclusive,
non-transferable, non-sublicenseable, royalty-free right solely
to evaluate LTC products. Linear Technology Corporation owns
the software. You may not modify, adapt, translate, reverse
engineer, decompile, or di mble the software executable(s].

9

¥hile we have made every effort to ensure that this software
operates in the manner described, we do not quarantee operation
to be error free. Upgrades, modifications, or repairs to this =l

Accept Decline |

Installation Directory

C:AProgram Files\LTC\PScope Browse |
Install Now, |

The installer then will load the USB driver. The
following screen should appear.

The USE driver will now be installed,

In order o install the driver you MUST be in posession of

one of the USB-based DATS demo boards, If you only have the
gerial-port based board (Demo Circuit number 26287 click CANCEL
to abort driver installation.

If you have a USB-based board, click OK to install the driver.

Cancel |

All the current controller boards are USB based,
so press OK. The following warning will be dis-
played.

Driver Installation x|

If the device is plugged in, please unplug it now and CAMNCEL any
ongoing Hardware Wizard installation of the device before proceeding.

Cancel |

Unplug any LTC data collection boards that
might be plugged in and press OK

A driver successfully installed window should
then be displayed.

Driver Installation x|

The driver has been successfully installed,

If the New Hardware Wizard appears when you plug in the device,
choose the option labeled "Install the Software autormatically"
and follow the instructions on the screen.

Pressing OK will start Pscope. Plug in a control-
ler board and a demo board and you are ready
to begin collecting data.

Ly YR
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APPENDIX B -EDIT IFT MASK EXAMPLE

Using the Edit IFT Mask tool you can analyze F1 in the Fourier transform by dragging the cur-
your data in the time domain by editing the FFT sor horizontally across the frequency spectrum
and and doing an inverse Fourier transform on occupied by F1 using the Attenuate operation.
the edited data. Let’s start with the following ex- (Restore returns FFT attenuation levels back to
ample. Figure B-1 is generated with coherent normal. Extend increases the frequency range of
sampling and 1280 vector averages and win- an attenuated or normal level. Start in the level
dowing turned off. The primitive wave in Figure you want to extend and move the cursor hori-
B-1 is created from the inverse Fourier trans- zontally.) The IFFT edit window will look similar
form. The Fourier transform has not been edited to Figure B-3. Press Done. Turn on the Display
in Figure B-1. Select Edit IFT Mask and as IFT Results button and you can clearly see the
shown in Figure B-2, Pscope will display the distortion products in the P-Wave with F1 sub-
Fourier transform and editing tools. Set the at- tracted as shown in Figure B-4. Compare this
tenuation to 100dB. Do not hit Enter. Attenuate with Figure B-5 where magnitude averaging was

B PScope XD K61 - DC1255A-B (LTC1606)

File Wiew Tools Configure Help

Page 1 | Page 2 A2 YN A M % S L RIE LA

o Ch 1 Input data Channel 1

0.250000 Msps
15594482422 KHz
30.518 Hz
511
-2.867 dBFS
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 G000 6500 TO0O0 7500 @000 ari Harmonics
Ch 1 P-Wave from IFT F2 .94.44 dBc

F3 -94.79 dBc

-90.39dB [F4  -138.71dBc
SFDR 94.44dB | F5 -96.54 dBc
ENOB N/A|F6  -115.20 dBc
Mincode -23575 | F7  -104.60 dBc
Maxcode 23539 |F8 -122.52 dBc
DCLev -19.2[F9  -115.53 dBc
Flor -143.79 dBFS | Nvq -160.82 dBc

500 1000 1500 2000 2500 Jooo 3500 4000 4500 5000 5500 G000 6500 T000 7500 @000 M 05
sps (M

Ch 1 Fourier Transform Collect

Size 9192 v

Fepeat Mo windowing v
ADCFull Scale | Awvad: 1281

||! (L0 r!ll'Irl"l'lI"'l W lllnlml 'IETRIEED [P

ST
A S | ML L i i b, kit 1 L BN U
200 400 GOO &0O 1000 1200 1400 1600 1800 2000 22']'] 240'] 2600 Zsﬂﬂ 3000 3200 3400 3600 3800 4000

Ch 1 Inverse Fourier Transform Created Tones Pipeline

.|'|'|"|'|'I'|'|I|I”I'I'IIII'I'TI'I|I|'I'I'|T|'|'|'I'I'|'|'|'|'I'|'|'|'|'|'H'|'|'|'|'|'|'|'|']'|'I'I'|'|||'“'I'I'|I|I"'“I'I||I'I'IT'I|I|'I'I'"1'|'|'I'I'|'|'|'|'|"'|'|'|'|'|'H'|']'|'|"'|'|'|'|'|'|'. Signal source: DL718

Found demobd: DC12554-B

Signal source: Maone
Signal source: DCF8
Found demobd: DC12554-B

.|.|.|||||.||||||.|||||..I|||.|.|.I||||.|.|I.I|||....|.|II|.|....||||.|.|.|.||I.|.|.|||I|.|||||||||||.I|||||.|.I||...|.|.I|||.|...||II.|.|...|||I.|.|.|. K ‘ '
[] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 G000 6500 TO00 7500 8000 TE (_’ H Nf" LOGY

Figure B-1. P-Wave generated from IFT
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performed. Because vector averaging maintains correlated with F1 are attenuated allowing the
phase information, signals that are not phase distortion products to be more clearly seen.

IFFT Mask Edit

1

Operation
) Attenuate
) Extend

{*) Restore

Attenuation [dB]

A

= - . - e
P - -

T

1500 2000 2200 ::‘-'l-ﬂﬂ 2600 2800 3000 3200 3400 3600 3800 4000

L "

0 200 300 600 S00 1000 1200 1400 1600

Figure B-2. Unmasked FFT

IFFT Mask Edit

O peration
(%) Attenuate
) Extend
) Restore

Attenuation [dB)

Figure B-3. Masked FFT
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PScope XD K61 - DC1255A.8 (LTC16006)

Page 1 Page 2 ANA Y L A2 a8 30 2 &

Oh 1 egunt dats
IMNON - "

0.250000 Msps
F1 15.594482422 Kz
Bt 30.518 Mz
F 10in 51
- . 2561 dBFS

sot e 1500 nm 2530 100 1’00 weo ¥ 5toy 50 (D13 500 e 150 o

Ch 1 P-Wave from IFT C 85.85 0B 9431 @
SNAD BAS3dB | F3 9478 @Eic
THD 90.33 4B | F4 122.04 @6c
SFOR 943148 | FS 96.51 dic
ENOB 13,7508 | F6 116,10 dic
Mincode 23597 | F7 104,76 i
Maxcode 23550 | F8 125,39 dic
DCLev Wzl 11547 dBc
Flor 124,64 dDFS | Nyq 13206 oiic

Meps 029

1000 150 : 2500 1090 J s0%0 560 (R 18] (310} Teor 500 LI

Ch 1 Fourier Transform
v

MK v

29
- . LN

0 200 400 S90 00 1000 1200 1400 1600 100 2000 2200 2300 200 2800 2000 X108 1400 600 30 4000 " J Ji
Ch 1 ewerse Focier Tramsform v -
v
0P Y5O0 000 W0 J0BO 3500  ANDS  AS0F  B03 5508  GEOP  SBO0  JOS0 A0 OO CHNCLOGY

Mo Ve Tods Corfoee

rsl

Fage 1 Page 2
rb 1 Input aeta Channet 1

0.250000 Msps

F1 15.5M 482422 KHz

Bw 30,518 Wz

F thin s1

- . 2837 WFS

’ o 1000 1500 2000 75¢ »e 150 nm Mno 4 50 (212} Al 7000 7500 oo

Ch 1 P-Wave from ¥1 NA

-91.99 dic
SINAD WAlFY  9es0aEc
THD 902008 |F4 13288 dBc
A Lo : SFOR 939908 |F5 9634 aic
) LHM ENOB NA|F6 11500 @c
X L : Mincode 23647 [F7  -105.08 &Bc
'H‘ . Maxcode 73605 |F8 12168 dic
DCLev 100(F 113188
Flor -143.35 0BFS | Ny - 161.70 gfic

» Py,

Lae 1o "o 030 %00 000 1830 win “eo [R5 6301 GI08 sL00 reav rss0 neos

Mo 025
Ch 1 Fourser "ll"\vl'ﬁ‘»'m ‘.‘“
Sie  #1C v
(V] Repaat NoWndowng W
200
. 3 L ] ADE Full Senle | Avpd 1281

1200

’ 290 wo o) B0 10 1200 14D 1600 TR0 220 Feah 2600 J 2 2 . \

Ch 1 Inverse Fourier Transferm E M -~

500 1000 1500 2N 2503 Jtoe 1890 w0 590 Stoe 5590 00 L5 rsm »I0% L Tt

CHNOLOGY

Figure B-5. P-wave from IFT with magnitude averaging
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APPENDIX-C EDIT USER-DEFINED NOISE MASK

The user-defined noise mask can be used to
mask out spreading of the fundamental and
harmonics or signals caused by interference,
which can cause errors in the calculation of
SNR. In the Pscope window of Figure C-1, you
can see that the SNR level is 65.61dB. Notice
the pedestal from 5kHz to 20kHz beneath F1
and the spur at 31.5kHz. The pedestal is caused
by jitter in the ADC clock signal. The spur at
31.5kHz is an intentional interference signal in-
jected for this experiment. These items cause
Pscope to report an inaccurate SNR for this part.
Let’s fix this problem by editing the user-defined

Page 1 Page 2

111111

.....

.....

.....

Figure C-1. No User-Defined Noise Mask Applied

noise mask. Turn on the edit user-defined noise
mask. Move the cursor to the 5kHz point. Press
and hold the left mouse button and drag horizon-
tally to the 20kHz point. Release the left mouse
button. Move the cursor to the left of the
31.3kHz spur and press and hold the left mouse
button. Drag horizontally just past the spur and
release the mouse button. The mask should now
look similar to Figure C-2. Press Done. Next,
turn on the apply user-defined noise mask. Fig-
ure C-3 shows that the SNR is now calculated
as 86.23db an improvement of more than 20dB.

5 PScope XD BETA K63.03 May 1 2000 11:46:59 - DC1255A-8 (LTC1606) =13

A2YIN 4 22 32822 L8

Fie Vew Tock Configue Hep

L

Channel 1

12.603750766 Kz

3518 W
M
-0.975 dBES

SNR a6t a8 | 2
SINAD 656148 | F3 Absect
THD 111118 | Absere
SFOR 111L11dB |F5 -11.¥1dBc
ENOE 1061 tes | F6 Absent
Mincode 20330 | 7 Abseef
Maxcods 20280 | F& Absénd
DCLev J6.5|F9 Absent
Flor 102,71 dBFS | Nyq  -133.08 diic

|
¥] Fapast EbrrHuin 08 v ]
|

Nips 025 |

Sow IR - l
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Hoise Mask Edit

Cree )

Operation
() Mark
() Clear

10.0 20.0 30.0 40.0 . 60.0 70.0 80.0 30.0 100.0 110.0 120.0

Figure C-2. User-Defined Noise Mask after edit.

] PScope XD BETA K63:403 May 1 2008 11:46:5% - DC12554 8 (LTC1406)

Page 1 Page 2
Ch 1 ngest deta
Jeoto——————

0.250000 Msps
12.603759766 KHz

96,23 @8t
SINAD 85,07 @8
THD 913848
SHIR 9325a8
ENOE 1384 bits | K6 116,09 dic
Mncode 29330 | F7 107.74 dBe
Maxcode 29260 | FB Absamt
DCLew S5 1FO 104,83 dBe
Flor 123,33 08¢ | Wy _-132.09 ae
Ch 1 Fourler Tramsform | P ra A Mgt 0125

100 | S BI%R2 v

. 1980

L)

0.0 BhmnMans 28 »
L

300

o0

Ton
e
0.0 vobd UsrCigl -
o0

ti00

1200 4

1Jo0

o

500

KHz o8 0o 0 " wa s00 ox s

Figure C-3. User-Defined Noise Mask Applied
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APPENDIX D PSCOPE STATUS MESSAGES

The following is a list of status messages that
Pscope produces. These are broken into two
categories, information and action required. For
those messages that require action some hints
are provided to solve the problem before con-
tacting customer support.

INFORMATION

Created tones pipeline
Pscope configured to work with pure tones

Created spread-spectrum pipeline

Pscope configured to work with spread spectrum
signals.

Data collection aborted

Data collection has been paused.

FPGA load OK

The FPGA has been loaded with the data re-
quired for the current demo board.

Found demobd Demo Board Name

Pscope has detected a demo board.

Load not in flash, using Pscope’s library

The data for this demo board was not found in
the controller’'s flash memory. The data was
transferred from the PC to the on-board flash.
This is only for DC890B

Loading bank y witype x

Data of the type specified is loaded from PC into
one of the four flash banks. This is only for
DC890B.

Loading FPGA for type x

Data of type specified is loaded from flash into
FPGA. This is only for DC890B

Signal source Controller name

Pscope has detected a controller

ACTION REQUIRED

Bad or No Clk

Clck source is not turned on or levels are wrong.
For LVDS boards only.

*** Can’t ID device

Flash on demo board can’t be read. Try unplug-
ging and plugging back in.

Can’t start FPGA

No power, no clock, clock out of range for demo
board or unstable clock on demo board. If you
don’t think any of these apply try resetting the
controller board.
Controller error

Cannot communicate with the controller. Check
the USB cable. Try unplugging and plugging it
back in.

Controller needs external power

The controller needs more power than the USB
can provide. Connect AC adapter.

Data collection timeout

This indicates a slow, bad or missing clock.
Pscope sets a timeout based on the sample rate
entered. Make sure the clock source is turned
on and the amplitude is compatible with the
demo board you are using.

Data transfer error or Data collection error

Error reading data from the controller. This
ispossibly due to the controller being discon-
nected while data collection was in progress.
Error loading FPGA

FPGA load operation failed.

Error reading FPGA status register
Check cables. Controller may be damaged.
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No Ack, loading FPGA

There was an error loading FPGA data from the
EEPROM. The flash ID on the demo board may
be damaged or the controller may be damaged.
Try another demo board if you have one.

No demo board

No demo board detected. Remove demo board
and reattach.

PC file I/O error

Couldn’t find FPGA file. Try updating PScope.
Try reinstalling Pscope.
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