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RF Product Manager Dio Yang (=)
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RF Atten | Mixer

Pestrs | REARE Mo

|

20MS 5 419GHz ~ 2.422GHz  2.432GHz 442GHz  2.452GHz  2.462GHz

Os

20ms

2412GHz  2.422GHz  2.432GHz  2.442GHz 2.452GHz  2.462GHz
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20ms 2412GHz  2.422GHz  2.432GHz  2.442GHz 2.452GHz  2.462GHz

20ms

2412GHz  2.422GHz  2.432GHz  2.442GHz 2.452GHz  2.462GHz
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20ms 2412GHz  2.422GHz  2.432GHz  2.442GHz 2.452GHz

2.462GHz

20ms

2412GHz  2.422GHz  2.432GHz  2.442GHz 2.452GHz  2.462GHz
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Agilemt Spocisimm Anatyres  Swept SA (8=

Sweep Time 5.93 ms Avl Typs: Pwr(RMS) " Rontrol/Sweep
ngoet: W B Trig Frae Run AvilHeld: 581100
Attary: 10 4B

FREE RUMN

Mkr1 2.023 240 GHz [J
Ref 0.00 dBm — dBm|

ﬁ

syt npslie

vy SV

Center 2.05000 GHz Span 36.00 MHz/
Res BW 330 kHz VBW 33 kHz #8weep 5.93 ms (1001 pts)

DP¥X Spectrum
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GSM 1800

I e Bt T PRy Tl s L e g T
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ISM band (WLANS802.11b/g & Bluetooth)
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ISM band (WLANS802.11b/g & Bluetooth)

MaxiumHold Bitmap infinite

b "ﬁmﬂﬂ# 0 Mot 8 L Wi Yo @ ey "i}:f’i“ﬁ#‘:ﬂ}ﬁ‘iﬁﬁ'ﬁ@g!# Jat

13 Tektrnnjx



—A0
-50 \.
St}

-100 -}

-120
0.012




15

Tektronix’
7/



16

DPX demo
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2"d Generation DPX™ Live RF Spectrum Display

’ DPX 57— X DPX 57 &

3 —:J?'J,ﬂ:ﬁ%ﬁl%@?} 48,0009=/= *} 292 00055/ 57
o 100%}%%}?*% 24us 10.3us

- Tl 2 201 x 501 201 x 801

= E BRI A BNECVEY 65K 8,000,000K
* T RBW T il

" (U IDPXEISFIVE! i D il

1st Generation DPX (~5s)
17 Tektrnnjx



I Re-invention of Swept Spectrum Analysis

= Improved wideband signal search with highest probability of detection

& CF: 1.0000 GHz & Span: 60.0 MHz

18 Tbklmnjx-



Swept DPX! 9 kHz — 20 GHz DPX

‘A Tek RSAG100A - [DPX Spectrum] ______________________ EF®

ﬂ File  View Run Markers Setup Tools Window  Help - 3 X
‘|§Di5|:|la',f5 | [Markers l[SEttiﬂgSl[ Trig ][ Acq ][ Ana l ¥ Freq: 7.00 GHz 2 RefLev: 0.00 dBm
o w Tracel [¥]Show +Peak Normal
< 0.00 dBm
< dB/div:

10.0 dB
2 RBW:

30 kHz

— h."-.\w
I . " |Vl'"‘l“ I ..W

-100.00 dBm n Al {11 YT
v CF:7.00 GHz ¥ Span: 14.00 GHz
Analyzing Mot aligned Swept Free Run Ref: Int | Atten: 25 dB

19 Tektrnnjx



Swept DPX!
set Step Size and Dwell Time in wide band sweep

I\ Tek RSA6100A - [DPX Spectrum]

m File  View Run  Markers Setup Tools  Window  Help - = X

[Displavs] [Markers I[Settingsl[ Trig ][ Acq ][ Ana l ~ Freq: 1.550 GHz ~ ReflLev: 10.00 dBm
< w Tracel [¥]Show +Peak Mormal

< 10,00 dBm
< dB/div:
10.0 dB
Z RBW:
1.1 MHz

unaligned data

-90.00 dBm

& CF: 1.550 GHz % Span: 2.900 GHz

DPX Spectrum | Freq & Span |BW || Traces || Scale | Prefs | Density | Audio Demod

Settings
Center:|1.550 GHz Span: 2.900 GHz Max Span

Start:| 100 MHz

Stop: 3.000 GHz

Restore Step Size:| 10.0000 MHz v

Analyzing Mot aligned Swept Free Run Ref: Int | Atten: 35 dB Preamp
I LL__———————————————————————————————————

Dwell time: | 100.0 ms

Auta

20

Dwell time:
40 msec to
100 sec

Tektronjx
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* Fre: 1.5%0 G4 Refiew: -35.00 dm [Arwl] [sese || iz | [ a4 e N I =

TR

3 PR EF®

B B dwm R ot S oo fiméow Hew " x

finden e LK
] = Frea 1550 G Reflew: -75.00 dm [ | [Reo | Rum
o Fre 1550 GHE Reflev: -35.00 dim [irwi| (e | Bum =

" GSM

L]

finden e LK

" te

© Freg: LS50 e Rellev: -25.00 i [Arwi] [iesi ][ * Fro; L3S0 G2 Refer: -25.00 dim [irpl] [Resim | ®
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Swep-DPX Demo
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7 y: T »
RIS
B2 IhEE

— BEE M (Level/Power Trigger)

— 5\ER#5EE (External Trigger)

— B &t B G e 5/ SRR % B %% (DPX Trigger)

— BRI EH A5 3 (Time domain Trigger)

Tektronjx
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REER 83 (Level/Power Trigger)

Marker: -90.120013333 ms
-43 684 dBm

‘I .|. | .||

Ll

Triggered
Repeat...

Continuous

Source...

Power (Span BW)

Level
(dBfs)

-35
Slope...

Rise

Position
(%)
50

| Lo Stop and Show
||‘ ‘ ” | Results
il

Tektrnnjx



I Frequency Mask Trigger. Unique to Tektronix.

* Define a frequency = Frequency Mask Area
mask which can be
. /s )
used to trigger on
specific events in the L

frequency domain

= Reliably detect and
capture elusive RF Trigger
signals that a level Occurs
trigger cannot see in a
crowded spectral
environment o

26 'Ibktronjx-



I HIETEHIEE (Frequency Mask Trigger)

o Ay ISR B A
;l/vﬁ\[/i Mrilxn 75—1;1?

B AP LB A USRI T R

“ Tektronix



Why do you need Trigger

28

Why do you trigger?
— Efficient use of Captured Memory

— Time correlation of events

How do you trigger?
— Power trigger
— External event trigger

— Frequency Mask Trigger (FMT)

— Set a Mask Precisely & Capture

m File WView Run  Markers. Setup  Tools  Window  Help -
“Disula\jsl [Markers”Settlngs] Trig || Acg || Ana | @ Freq: 93.43 MHz % RefLev: -30.00 dBm Replay
i v +Peak Tr [Z]Show +Pk Normal Clear

& -30.00 dBm

& dB/div:
10.0 dB
G RBW:

Mask Editor - Mask1

L . .. ! :II i 4
o
‘ o Reference: |DPX Spectrum +Paak Trace %
(to be in list, a trace must be showing in a display)
- (O Add paints X Margin:|20.000 kHz 0 MHz
Click in Next X :
araph to: i
1 ©Edt Ponts Y Margin{ 5.000 dB
:

| OffsetFreq  Amplitude 4
2,215 WHz 59.21 dBm
2.235 WHz 59.21 dBm

Haw H Open ‘ Save

Save As...

-30.00 dBm

Tektronjx



Frequency Mask Trigger and Spectrogram Example

Tekironix WCA 280A

Frame Length: 20 s
Span:
Mask all known I.?put Att:

signals

Trigger on 105

i dBrm
unwanted signal m Span: 10 MHz

?
/

Center: 9 ) Span: 10 MHz
RealTime S/A: M

29 TEktrnnjx



I Sy & O B 5 5 38 /SR FE 23 E #83% (DPX Density Trigger)

= |f you can see it, DPX Density™ trigger will trigger on it

%0 Tbktmnjx-



DPX Density ® Trigger
Trigger on signal’s actual probability anywhere in display

") Tek RSA6100A
File  Miew Run Markers  Setup  Tools  Window  Help

|IDispIay5] IMarkerS ][Settingzu Trig " &cq " &na ] < Freq: 100.00 MHz < RefLey: 10.00 dBm [Ampl] [Rer:nla\_.r][ Run ]
7l Spectrogram B E LBI
< [a—][=2] [s=J= ] |20.000 ms actual:  30.000 ms
- Note “T" —

o Srale: -4
210,00 dBm -
10.0 dB .
In Time

4,173 =
Overview

Cverlap: 0 %

< REW:
00 ki

“  Bitmap

& 10,00 dBm
& dBfdiv:
10.0 dB
2 REWY:
1 MHz

e e i

e A s A T o R T
0000 dB R e s e e st e ey

& CF: 100.00 MHz & Span: 20.00 MHz & CF: 100.00 MHz ¥ Span: 20.00 MHz

Stopped Acq Bw: 20,00 MHz, Acq Length: 30,000 ms Real Time  DPX Density Ref: Int | Atten: 35 dB

31 Tektrnnjx



R 5] 8 #% 3% (Time domain Trigger)

Leveraging oscilloscope expertise in
time-domain triggering
— Capture only what you care about

Time qualify and holdoff any triggers

— Eliminate false triggers - T g el
Runt trigger = = || ° i¥ s
— Amplitude qualified trigger e - T S[blEll e
For Radar / EW N S .
— Isolate pulses of specific amplitude T
and/or width within a pulse train S i it

L

- AK) i -

i T T G =
o -
£ Trigemretl i
N |

Fars Toggm e
raatiern | [ew | [T
- soppaa] b i -



Time-qualified triggers, runt triggers

= Separate short, high resolution pulses from longer range pulses in a radar
= Find the one pulse in a thousand that doesn’t meet specification
[ Dispays | [ Markers |[settings [ Trig |[ acq J[ana | = Frea: 488.00 MHz o Refley: 5.00dBm  [ampl | | Run
0 _BjX
¥ < Trace 1 [“IShow +Peak Normal |E|
& 5,00 dém
& dBfdiv:
10.0 ¢B
= Span:
20,00 MHz
-95.00 dBrm
Autoscale -
RMS: -10.06 dBm S Posltion: <2000 fe o Scaler 1000 my
Max:  2.69 dBm m 252.6us Pin: -69.05 dBm @ 185.8 us
7} Time Dverview L 10X
(=l [s=]~ | Actual: 1,000 ms [ Clea | Bman - Elshow. on gl
- & 5,00 dem
& 5,00 dBm
= oBfdn:
v dBjfciv: 10.0 dB
10.0 dB = REW:
200 ke
bkl -95,00 dBrm
| BAutoscale | & Position: 0,000 5 = Scale: 1.000ms | | Autoscale | @ OF: 488,00 MHe & Span; 20.00 M-z
Apalyzng Acg Bw: 20,00 MHz, Acg Length: 1.000 ms Real Time  Pover Ref: Int | Atter: 30 dB
33
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RT Spectrum Analyzer

dom Center: 2.412 GHz par ol h:' .|'.Haj- '.' 1 T CO n t i n u O u S
M Frequency domain
o 1B i I

-105

Os 50ms
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517 BR(SA)
ﬁfﬂ

N A (i

. ﬂ L
5 ﬂﬂ 44, F " AT ‘m‘hﬂpjf

S 9-88(Scope)

LB T 4 8
(VSA) 7] 7["1“[52

36
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Tektronix RSA 340BA

Frequency: 1 Spectrum Length:
Span: 3 Spectrum Interval
Input Att: 1 NBW:

Acaquisition Length: .

=
Mag Err:

Phase Err:

TeKktronix
/



RSA and SA2600

= —_— - — .
O jm
E B | /=
— | C—c |
SA2600 H600 RSA3300B RSA3408B RSAG6000A
Frequency ) 9kHz —
Range 10kHz — 6.2GHz 10kHz — 6.2GHz | DC - 3/8GHz DC - 8GHz 6.2/14/20GHz
Analysis 20 MHz 20 MHz 15 MHz 36 MHz 40/110 MHz
Bandwidth
DPX 10000 frames/sec 10000 48000 48000 48000,290000
Live RF 2500 frames/sec frames/sec frames/sec frames/sec frames/sec
DPX 100% 125 usec/
POI* 500 psec 125 psec 41 usec 31 psec 31/24/10usec
Frequency
Domain v v v
Triggering

* POI = Probability of Intercept

38
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P fEE100% T FE?J%%%T% & Demo
IPF PREE IR &K

PI[F[H T T

TR |21 ] (Case Study)
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Cases Study

RS

LI

EI[E?]A-F:FFI% e

1R 1

SEFIRENR S BT

P aRaEE (Base station)

EF‘FE%F«‘J & (Transient EMI)

ﬁ R P B ”&Fﬁ(Mllltary Radio)
ﬁjﬁgg\fﬁxﬁq—(Software Define Radio)

IED (Improvised Explosive Device)

53 PR I
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2 o R

VCOFHEm k) (Real-time & Multi—-domains)

Rueakime
spectrum
analyzes

Ref

Fragquancy
canirol
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= R
El(ﬁﬂf 2. (DPX)
Tektronix RTSA;HJE%%’FTF HE R ik i”*%ﬁ:’ﬁﬁ'fﬁ%&

h \w‘w‘ | “\ i \“ ’ ‘J“l‘

\ 1“\\“\‘\ \
w, \" Il ww I

i

Jﬁ*? i el i
_J;»J,6O§i~,/ﬁF‘FF' _ﬁ'J/48000§ma

\‘w Hh“'\““‘ “‘ U“

w

it \\ ”‘

H‘M
H \‘

FF'
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Tekironix RSA 34088 11/21/2007 10:17:55 AM FREE RUN
_—

N

A
| T -
| L HRrChrmt s sl atiaans:

'll".l or 2445750 10,00 MHzZ | e Z : :
- :n m’#ﬂr s Sweep 147 ms (1001 pts) R sgnal Density 0% [N 27 %
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RS RS SR

Tek RTSA - [Spectrum Analysis Measurement]

Eile “iew Run  MMarkers Setup  Tools  windows  Help — o= >
[CEoiays ] [Farkers | [Eottng= ][ Trg |[eco |[an= ] = Frea: 2.610000 Gz © RefLev: -33.00 dBm [Futoiey] [Form ]
~r = Trace 1 =l shoswr == 4 Peak Average Reset

- s - | Can’t find out
non-linear

= CF: Z.510000000 GHz = Span: 40.000000 FMHz

s o Max Trac [FlShow = Maxima  Hol|peser

¢ Ref Lev:
-33.00 dBrm

4 Scale:
10.00 dE

4 BB
SO0 kHE

= CF: 2.61000 GHz < Span: 40.00 MHz

NN —

45 'Ibklmnjx '



Aglheni Spectimm Analyzer - Swepl 54 £ Tektrondx RSA 34008 11/21/2007 2 AM FREE RN

Time 7.28s Avg Type: Log-Pur
P AvglHeld: 0/100

Ref 0.00 dBm

Center 292,50 MHz Span 20,00 MHz
Res BW 180 kHz VBW 1.8 MHz #Sweep 7.28 s (1001 pts)

DPX Spectrum:

“° Tbklrnnjx
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Cases Study

RS

LI

A

1R 1

SEFIRENR S BT

P aRaEE (Base station)

EF‘FE%F«‘J & (Transient EMI)

ﬁ R P B ”&Fﬁ(Mllltary Radio)
ﬁjﬁgg\fﬁxﬁq—(Software Define Radio)

IED (Improvised Explosive Device)
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Tektronjx



I I HFHE (DPX)

Tektronix RTSA‘J[JEﬁﬂ}'F“@EH FYISM band

1t1f*"

l‘ L | J & i*; A |
‘1 1“ ' Ef"“ ,# I I
4 i I 2 | i i { '
S — ’-‘ “n“*- .ua_______km_l“__-*'—» - -.-.-—-—wm—:-»-i— —— -----------na--------—------Lr

r
i
4
|
'
|

I
A
|

1
i
i
(A
it
i
fi

et

|

|

m
i
Il
il
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Real-Time Digital I-Q Capture

= RSA6114A,s I-Q Export Modes

— ASCII or .tiq Files Via CD/DVD, USB or LAN

— Limited to Max. Record Length

000000000
0
0
oo

3

— Optional LVDS Real-Time [-Q Output

C

—  Full 120 MHz Bandwidth!

Span Time Resolution Max. Record Length

—  Store 60-80 minutes of fully corrected 1&Q on

external data cache for record and playback AU R

640 ns 81.9 sec.

= RSA 3408B’s I-Q Export Modes

20 kHz

20.48 ps 43.7 min.

— .igt Files Via Floppy, USB or LAN

— Available .iqt to ASCII Translator

—  Limited to Max. Record Length

— Optional LVDS Real-Time [-Q Output

49

—  Full 36 MHz Bandwidth!




Tektronix / X-COM RF Test Suite ==
4
COM
/Snapshot Mode Capture and Playback /Continuous Mode Capture and Playback
(typically up to one second cumulative captures) (up to one hour cumulative/continuous captures)
Tektronix RSA6100A
Tektronix RSA6100A

X-COM IQC2110

1TB Removable Datapack included

X-COM CPG/VSG Module

50 'Ibktrnnjx*
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Tektronix_recorder
_10nov08
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TR o
(Wireless communicatio

= T (A
it A B F%?p?’?’?@lﬁﬁ@ ﬁﬂ :)[HAEE[
I B

T 18 EMIF o

Normal modegjy ™ 3p | FF BREH] 5 P
— WIMAX

— WLAN

— Zighee

— Bluetooth

— GSM/EDGE

— Remote controller/TPMS(313/433MHz)

PR aRAEE (Base station)
IED (Improvised Explosive Device)

Debug)

Tektronjx
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AR B EMIZ R

Tekironix RSA 34084

Frequency:
Span:
Input Att:

RealTime S/A:

Spectrum Length:
Spectrum Interval:
MNBW:

Span: S MHz

Measurement Off

III

HRY E,j,;cﬁ(tllglﬁ F[g%@ﬁ?}l}gﬁ&ﬁij RSB

Tektronjx




RV B S

Frequency: I
Span: 10
Input Att:

by
o S B -
—vaﬁi B%‘}'ﬁ%ﬁ

54




Real time trigger & capture

2.Triggered

WIMAX 16e DL burst BW10MHz

Os ~U

1.76ms

Capture 5ms

Span: 5 MHz

5ms

55 Tbktmnjx-
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Cases Study

Y an

g

S B il

FFELT 4R

PR SRENRT A

P ARAEE (Base station)
?ﬁgﬁj #:(Transient EMI)

HIP R PRt 2 J%T‘E@'L“F%(Military Radio)
ﬁﬁ‘lﬁé}ﬂ'ﬁﬁ'\%@oftware Define Radio)
IED (Improvised Explosive Device)

53 PR I
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Normal modeglr iﬁ'jg*g*%’*éﬁﬁﬂ 7IPT
F{ a gw;r—m&; + P20 i B

VCO Hopping  GSM Zigbee  RFID WLAN WLAN+BT MIMO

Tektrumx




o praa s, w»,@%«wm-% ’d"(ﬁ(‘,‘?&l:m‘f !4%5‘%’\'51"5,;’?%:=MF%.‘ o oAl R P

MR: -77.89 dBm
243838 GHz
190.235 ms

MR: -40.72 dBm
2.453 GHz

..u__naijiﬁﬁm i

L O T T T S L O W et i o e

Bluetooth real-time spectrum

Teklrnnjx
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.. -4
dBm

-140

o

S0

L

dBrm |

] r
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L g e
R { UL
e

| i =
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e
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DL il b g ad e s b s,
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WLANGH 22 AP SRR 5 8E s 7

1.38 dBm
16 GHz

MR: -84.80 dBm
2430318 GHz
64.163 ms

Mag Error(rms):
(Peak):

Phase Error(rms):
[(3==19H

B

éérrier pOWAT

m QRO

“onstellation

Data + Pilot

Tektronjx



Wi-FI normal signal Analysis (802.11abg)

OFDM 24M
B

e

Phase Error(rms):
(Peak):
(@ Tirne
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Marker: 1.7069625 GHz
-82.11 dBm (-123.09 dBm/Hz)

62

GPSF\HEE] T 5

——

-

A1-2: 4.63015625 ms
| 0.156 dB

Timing:
Start: -20 ms

Marker: -5.43765625 ms
-63.82 dBm

Scale: 2 msj

Tektrnnjx
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Zigbeet X illF ¥ 1

pan: & MH
Input Att: 25 dB
Al1-R: 674.296875

Seldeme domain

Eye diagram _

Peak @ sym 257
b A R N Mag Err: 327 % RMS .
- AN i T T —13.32 Yo Peak @ sym 257
il Phase Err: (.84 deg RMS
3.82 deg Peak @ sym 257
Rho: 0.9617
Length: 673 symbols
Freq Err: 206.602 kHz
Origin Offset: 41.9 dB
Scale:  5.407 mV/Unit

o

Parameter
Presets...

802.15.4/0QPSK

Modulation
Type...
0QPSK

Modulation
Parameters...

Auto Carrier

' Frequency Error

(Hz)
206.6020201438k

Tektrnnjx



GSM/EDGE = B iR 2 5k A7

PAUSE || MEASURE

Modulation
Accuracy

MR -89.85 dBm — _
1.743686 GHz . ) Mean Carrier
99.444 ms TR < o I ” Power

Power versus
Time

Modulation
Spectrum

Inband Spurious

Measurement Off
55M/EDGE: Power versus Time
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PR RAER (Base station)
WIMAXHL 8457 B st

- %U?“ 1 & o —
B m}laﬁ ?Fjﬁaﬁ%ggﬁdﬁg R | cswma
fnd etc MBI s
A
R (07 1355
- Fﬁ?iﬁ HPIT IR

dapipen
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Cases Study

RS

A

EI[E?]A-F:FFI% e

LT

SRR

P aRaEE (Base station)

EF‘EJ_F%WJ &E:(Transient EMI)

ﬁ [ R PR R ”»E\F;f(Mllltary Radio)
pj*[?fﬁ‘ = 1'%\ e5(Software Define Radio)

IED (Improwsed Explosive Device)
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Application Example#1.
Automotive Interference/Noise

GPS,AM/FM Radio T

Monith

Navigation
ECU

Radio and

1. External v 2. Interferences Among In-
Interferences Vehicle Equipments

- Radio Tuners

- GPS i

- Digital Video I

- Electremaghetic Noise S(?' ces
- CPU |

; - Bus Interface (Memory)

e _ Power Supply B } '

3. Interferences from Modules on ECU o _
Reference: Nikkei Electronics

67 'Ibktrnnjx*



Success Stories#1.:
Automotive — Hybrid/Electric Vehicle

Customer: A Company
Application: EMI Diagnostics — Automotive

Customer unmet need or pain point:

= Needs a SA that can discover all the emissions for inverter
motor in Hybrid/Electric vehicles, esp. the transient
emissions, that cause interference to equipments, like
Digital TV/radios, ECUs, Car Navigation/GPS system

=  Conventional SA and VSA can not show all the transients

Why RTSA was chosen:

= DPX helped customer discover all the transient emissions in
real time

= FMT and Real Time spectrogram greatly improved
customer’s troubleshooting productivity by reducing the test
time from days to hours

= DC to 20MHz Base Band with DANL at less than -100dBm
at 100kHz RBW captures low frequency inverter noise

Product /Value: RSA3308B and RSA3408B, followed by
RSA orders from OEM part vendors

Voice of Customer: “l have said we didn’t need more
demonstration of the RSA just after seeing the DPX Live
Spectrum display and compared to three units of other SA
vendors which show only noise floors. | will recommend my
OEM vendors use your tester”

68 Tektrnnjx



Success Stories#2:
Medical — Blood Sugar Monitor

Customer: C Company
Application: EMI Diagnostics — Medical Equipment
Customer unmet need or pain point:

= Needs a multiple-in-one box that demodulates
Bluetooth/WLAN as well provides ISM interference
analysis

= Lack of confidence for the design evaluation and
troubleshooting of the built-in wireless modules that
work in ISM band (Bluetooth and WLAN) in blood sugar
monitor

Why RTSA was chosen:

= “DPX s the only tool on the market that gives you the
closest view to what your receiver is seeing, and how
your transmitter is interacting with other emitters in the
ISM band”

= Bluetooth/WLAN signals could not be discovered with
full insights by Conventional SAs

= FMT opened customer’s eyes by providing
unprecedented fast debug capability, which shortened
customer’s develop cycle

= All-in-one design with WLAN and Bluetooth demod
options
Product /Value: 1 x RSA6114A
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sSuccess Stories#3:
Medical —802.11n Wireless Video Camera

Customer: D Compnay
Application: EMI Diagnostics — Medical Equipment
Customer unmet need or pain point:

= Need to survey operating rooms to ensure that no interfering
signals were present.

= Need to ensure compliance with IEEE 802.11n standard

= Need to ensure that their products did not produce spurious
emissions

Why RTSA was chosen:

= DPX - Shows WLAN signals that other spectrum analyzers could
not display the live signal.

=  Supports 802.11n. Testing to the standard and documenting
Pass/Fail performance.

Product /Value: 1x RSA6114A +RSAVuU

Voice of Customer: We may also have a need for surveying potential
installation sites using the H600. We’'ll get you in touch with our
installation/customer service department.
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Application Example :
Consumer Electronics Interference/Noise (Cont’'d)

= Hitachi EMV-200 Transient EMI Measurement System

Battery _
Connector Hinge

7 - 1eKtronix: %



EMI Measurements Approach
Real Time Spectrum Analyzer: Measurement Speed

= RTSA helps to shorten the system’s EMI evaluation cycle
— Comparing with conventional spectrum analyzer that takes at least 4
minutes for a 200MHz 1kHz RBW sweep, RSA6100A Series makes the
same measurements in less than 2 seconds!
— By having 10 or several hundreds of measurements, the overall test time
saved is enormous

A Tek REASIOOA - [Egsee triam. i
B [ e
[Baota ] [Parkens |[Semnge ] Trg W2ea J[2a ] & Fres: 0000 M 5 Mallev: -30.00 dim [2mol| [Ressy || Run

-124.5dBm
Span=200MHz
RBW=1kHz

Single sweep in less
than 2 secs
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Cases Study

B

g

S B il

FFELT 4R

iAo [ e

P ARAEE (Base station)
?ﬁgﬁj #:(Transient EMI)

—"

R P B S (Military Radio)
ﬁﬁ‘lﬁé}ﬂ'ﬁﬁ'\%@oftware Define Radio)
IED (Improvised Explosive Device)
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I ISR EAL ENHI(RSA3303B,RSA3408B,RSA6106A)

PR TR A

Reader ASK kit
"0° signals
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SRR e =2 e B
(RSA3303B,RSA3408B,RSA6106A)

4_.—\.

Cther signals

. Uniform signal density distribution
OCCUPYing

the ISM band as shown by similar colors
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I IR T U1
(RSA3303B,RSA3408B,RSA6106A)

~10dB amplitude "drop-out”

Lower amplitude ISM signal

| g
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I Need Opt 02 Frequency Mask Trigger & 65.5 MSAMPLE DEEP MEMORY

Wﬁﬁﬁﬁﬁﬁ ] A R R

Analysis bar (time dormain) and
the comesponding spectrum

7 'Iizklrﬂlljx
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Frequency Mask, DPX, Time domain Triggers

7]\ Tek RSA6100A - [DPX Spectrum]

= |ELEE 7| Tek RSA6100A
Fle View Run Markers Setup Tools Window Help - & % File View Run Markers Setup Tools Window Help
|?"6i's"pi55£s" Markers |[settnas|[ Trig |[ Aca ][ Anz | © Freq: 100.0000 MHz ~ © Reflev: 10.00 dBm ‘ Displays | [ Markers |[Settings][ Trig || Aca ][ Ana | © Frea: 100.0000 MHz @ Reflev: 10.00 dBm
v v 4peak [lsnow  Off 7\ Time Overview LEX
~ BRIk Analysis Length | % |55.000 ms Actual: 55.000 ms
< dBfdiv:
10.0 dB < 10.0 dBm -
< RBW = dB/div: ‘
1.5625 kHz 10.0 dB |
I‘ .
’ L
Y i
-90.0 dBm
o Offset: 25.700 ms o Scalm
| @ EEm (1 CTol
.{ e w Trace 3 [IShow  -Peak Max Hold
© Scale: = 10,0 dBm
0
o dB/div:
2.837 s 10.0 dB
© RBW: @ RBW
1 kHr 1 ktHz
@ Offset:
1}
-90.0 dBm w — = = - -90.0 dBm
e © CF: 100.0000 MHz @ Span:125.0 kHz % CF: 100.0000 MHz % Span: 125.0 kHz © CF: 100.0000 MHz % Span: 125.0 kHz
Analyzing  Acg BW: 156.25 kHz, Acg Length: 110.000 ms Real Time  Free Run Ref: Int  Atten: 35dB  Preamp: Off Stopped | Acg BW: 156.25 kHz, Acg Length: 110.000 ms

Real Time Frequency Mask Ref: Int  Atten: 35 dB  Preamp: Off

= Use DPX™ to Discover the anomaly — infrequent narrow pulse
» Use Frequency Mask Trigger to Trigger on the anomaly
» Seamlessly Capture the event into memory

» Analyze before, during and after the anomaly in multiple domains

Tektronix
/
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(Need Opt21 A VANCED MEASUREMENTS SUITE)
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SR SEpulsetsy 1t By
(RSA3303B,R A34OSB,RSA6106A)

Phase vs time Frequency vs time

03T M

Freguencyt 0 M Accpisition Lengtha 0

Spare

Prapast At

A et sdEhon | gl

S My

Rl ]
iy p f .r'r*{ ‘Itli ﬂ

[ T ¥
"i.q.“'-"lﬂ ‘*‘*?P

P
dHim
':q_,.’;l .-'."::" L-s,_.

ons are examined on a bi-phase » Flgure 26. The RTSA measures a five-frequency hop radar puise

L= -

Tha markore ahmars e i
The markers show hop duralion Is 1.6 1
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(Need Opt10 Audio Distortion Analysis)
Audio Span = ¥2 RF Span

] Tekironix RSAYU . 11:42:15 AM

Span

Spectrum Length: ncel - Back
Spectrum Interval:

‘Span” in Audio
Measurements
directly relates
to the RF Span

Input Att: 15 dB

“Span” in Audio
Spectrum and
Spectrogram is
50% of the
RF Span

frame |
Center: 12.5 kHz Span: 25 kHz
S/MN: 552 dB Demod Type: FM
SINAD : 55.2 dB RMS Freq. Deviation : 7.08 kHz

THD : 0.1607 0o -55.88 dB +Peak: 10.03 kHz
TNHD @ ———- e -Peak : -10.02 kHz

\ . Pk-Pk: 20.05kH=z
Audio Freq: 1.003 kHz Pk-Pk/2:  10.02 kHz

Audio Measurements: Signal /Noise & Distorl® Span (kHz): 50

Tektronjx




(Need Opt10 Audio Distortion Analysis)
Audio Distortion Measurements — Let S Do a Demo!

Frequency: 1.5 GHz Spectrum Length:
Span: 50 kH: Spectrum Interval:
Input Att: » dB NBW!:

I:jE?-r'F|

1| | AUdiO
Spectrum

Audio

Spectrogram
Span: 25 kHz
16.94 dB Demod Type : FM .

17.03 dB RMS Freq. Deviation:  1.31kHz _AU d '(_3

14.0145% -17.07 dB +EEE'|: = }-gg mz Distortion
i -Peak : -1. z

0742 % -42.59dB e Summary

Audio Freq: 1.001 kHz

Pk-Pk /2 : 1.89 kHz
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Audio Distortion Measurements, cont.

Signal/Noise and Distortion

Tekironix RSAYU

Spectrum Length:
Spectrum Interval:
NBW: 2,915 Hz

Frequency:
Span:
Input Att:

Marke

dBm

10
dB/

-100
dBm

frame |

08
frame

54.86 dB
54.86 dB
0.1777 %0

1.003 kHz

-55.01 dB

Audio Freq:

Audio Measurements: Signal /Noise & Distor

83

Demod Type :

RMS Freq. Deviation :
+Pealk :

Peak :

Pk-Pk :

Pk-Pk/2 :

Configure
Measurement

TRACE/AVG
Cancel - Back
Trace Type...

Hi-Res

Extended
Resolution...

x5

New Hi-Res Mode
“— allows variable FFT
length from 1k to 64Kk

Span: 25 kHz

M
7.08 kHz
10.02 kHz
-10.04 kHz
20.05 kHz
10.03 kHz

Tektronjx



Audio Distortion Measurements
Hum and Noise %

Frequency

Spectrum Length: 1.6 ms Cancel - Back
Span: Spectrum Interval: 1.6 n Demod Type...
Input Att: MNBW:
Fvl
Audio LPF...
More:
Audio HPF...
MJoire
'l De-emphasis...
P
250 kHz |,
Set reference level
Save as Ref. . || with the intended
) modulation turned
On
Remove the
intended
Spar350 k modulation and
Demod Type : FM measure the total
Ref. RMSF.Dev: 68.964 kHz Hurm and Noise : -29.24 dB un-intended
modulation + noise

Pre FM FM De
Emphasis Transmitter Receiver Emphasis

Tektronjx
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(Need Opt21 ADVANCED MEASUREMENTS SUITE)
Multi-Level FSK

= Customer Challenges 4FSK Constellation

— Measure overall FSK signal quality

— Understand frequency deviation at
each symbol point
— Understand symbol timing error

= RSA3000 Benefits

— Supports popular FSK types: 2 -16

— Easy view of frequency deviation at
each symbol point

— Automatic calculation of Timing
Error and Symbol Rate

FSK Deviations

RMS FSK Err: . Yo 3 % Symbol Timing Err: C
Peak FSK Err: 13432 % 13.432 % Calculated Symbol Rate: 999 6355 kSy

85 Tektronjx



New Modulation Format: CPM

(Continuous Phase Modulation)

= Whatis it? Typical CPM Constellation
— Modulation format for multi-mode
radios (UHF SatCom)
— 2 bits per symbol
— Multi-modulation Indices (multi-h)
— Compliant w/ MIL-STD-188-181B/C

— Important for US and NATO
countries

= Customer Challenges
— Evaluate CPM preamble and
payload bursts
— Evaluate interoperability with other
manufacturers of CPM radios

= RSA3000 Benefits
Q) _ \il-Std supported mandatory multi-
h pairs (pre-amble & payload)

— Easily evaluate modulation quality
with new constellation display
(patent pending)

@
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New Modulation Format: Shaped-OQPSK

87

What is it?
Modulation format for multi-mode
radios (UHF SatCom)
— Constant envelop modulation
— Half-Sine modulation filter

Challenges
— Validate UHF SatCom radio
designs (EVM)
— Evaluate interoperability with other
manufacturers of SOQPSK radios

RSA3000 Benefits

— Demodulate radios using an “alpha”
shaping factor of zero

— Direct readout of signal quality
parameters

N

EVM:  1.67 % RMS
455 % Peak @ sym 13

Mag Err:
Peak @ sym -—

Phase Err:
Peak @ sym -

Rho: 09911

Length: 43 s 5
FreqErr:

Origin Offset: -37

Scale:  7.105 mi/Unit

Tektronjx



Spectrum Emission Mask Testing

= Customer Challenges [ Tatranix Reavu /2005 11:21:4% A
— Check emission compliance to que __ e

regulatory standard nput Attt NS
— Evaluate radio during power-on, - r/H)
power-off and mode changes

— Evaluate steady-state emissions
— Compliance documentation

= RSA3000 Benefits

:% — Easy evaluation of transmitter turn-

' on emissions with Real-Time SEM

— Easy evaluation of stead-state
emissions using Real-Time or SA
Mode SEM

— Define and upload SEM masks
simple CSV files

— Export results table via GPIB/LAN

RealTime S/A: Spectrum Emission Mask
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Real-Time Averaged ACPR

= Challenge

— Check adjacent power
performance over specified
number of averages

= RSA3000 Benefits
— One-button setup

— Combinable with instrument
triggers

— Easy-to-see “green” area of
measurement averages

89

Tekironix RSA 34088 3 PAUSE Q| TRACE/AVG
0y

Spectrum Length Cancel - Back
Spectrum Interw: Trace Type

Marmal | Awerage

ain Chan BW:
Adj Chan BW:
Chan Spacing:

Lowerl ACPR: -51.82dB Upperl ACPR: -51/85dB
Lower2 ACPR: -61.37 dB Upper2 ACPR: -61.38 dB

Main Chan Power: -1.07 dBm

Lower3 ACPR: ---- Upper3 ACPR: ----
:Estart| j M \rititled - Paint | «®, 2123 8M

Automatic readout of ACPR
after specified # of averages

Tektrnnjx
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Cases Study

B

g

S B il

FFELT 4R

iAo [ e

P ARAEE (Base station)
?ﬁgﬁj #:(Transient EMI)

—"

HIP R PRt 2 J%T‘E»E'L“F%(Military Radio)
ﬁﬁ’%ﬁf‘\ﬁé'\%(Software Define Radio)
IED (Improvised Explosive Device)
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Some SDR Diagnostic Challenges

Phase Phase Sine Filter Digital to
Increment Accumulator Lookup Analog Converter

|
| —_——
— -,-»@-» D : - = - D D sapl D — DAC>—§
| il /\ l
|

Frequency
Control

o1 Tektronjx



Beyond Traditional Conformance Testing

= Typical Radio Tests
— Regulatory: Freq., OBW, Power
— Compliance: ACLR, EVM, Rho

= Unique SDR Challenges
— Overflows, Initializations, Glitches
— Mode Switching & Variable Rate

= Difficult Test Problem
— Traditional SA’s Limited Capability
— Little Transient Signal Capability

= RTSA Offers Powerful Capability
— Ideal for Transient RF Signals

— Multi-Domain Analysis on a single
capture — saves TIME

— Unique Triggering Capability

= RF, Analog & Digital Correlation requires:
— Cross-triggering between instruments
— Powerful and flexible signal generation

-
[Lrutoscan | = CF: 244610 G z | : 4610 G = Span; 10.00 MHz

1n
Markers [Defne] v MR [Foguecy v |244sm e FE= (E3|

%2 'Iizklronjx '



Powerful Triggering Features

93

Frequency Mask Trigger (FMT)

— Flexible Amplitude/Frequency
discriminating trigger

— Simple mask creation on Spectrum,

up to 500 points

Power/Amplitude Trigger
— Full SPAN or band-pass filtered
— Adjustable threshold/polarity

External Electrical Trigger
— Two electrical trigger inputs
— Independent or Gated

Cross-Trigger Capabilities
— Trigger RSA from Scope or LA
— Scope or LA triggered from RSA

— RSA Triggers Arbitrary Waveform
Generator

Time-Domain Trigger

Eile

Mask Editor, - Mask1

o | o [

=i

(O add paints
ICK 1N
I 0 NEXt E UndD
& Edit Paints

Offset Freq Armplitude o
I ” |l | L [I H” 1"‘ ‘ r -4,474 MHz -4,44 dBm
|. ﬁ| (Lt l | |‘" Ju&' \ | || || mj 394,752 kHz -23.56 dBm
‘ 1,184 MHz -1,33 dBm
3816 MHz -3.11 dBm
6,316 MHz -42,22 dBm

CF: 1,500 GHz Span: 40,00 MHz AT e v

Real-Time
Spectrum Analyzer

F@g'er Oscilloscope Trl'ger - Logic Analyzer
Frequency  Analog Time Digtta! Time
Domain Domain ‘Domain

Tektronix:
/



Seamless Capture & Multi-Domain Analysis Benefits

= Seamless capture of RF waveforms - e

= Captured data is measured

simultaneously in frequency, time

and modulation domains

= DPX™ can run alongside the post-

< Offset:

0.00 dBrn
< dBydiv:

< Offset: 10.00 dB

acquisition measurements

© RBW
3 1

P
H ./ W)
= Markers in all graphs show
g p o 50 5 © Geale: S00.000Us || -100.00 cBm
Max: 75,00 MHz 273318 Min: 75.00MHz @ 153.3ns @ (CF: 2.4500 GHz
8)% = spectrogran

| Bralysis Length [ 10.000 ms Actual: 10,000 ms

correlation between data points in

0.00 dBm

@ de/div:
10.00 dB

the various domains

futoscae | © Offsetio000s & Scale: 1,000 ms © CF; 2,4500 GHz 2 Span; 110.0 MHz
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Multi-Domain Analysis Views P —

= General Analysis
— DPX™ Spectrums
— Spectrum, Spectrogram
— Amplitude, Frequency, Phase, 1Q
vs. Time

= Digital Demodulation

— Constellation
— EVM, Mag/Phase Error vs. Time

© Offset: 0.000 5 © Srale! 300.000 us

— Syl I Ibol I able Max; 3.739MHz @ 1336us Min: -2.235MHz b 288.0 us
lay

o Offset:
0.00 dBm
= dBydiv:
10.00 dB

-100.,00 dBm

o Offset:
0.00 dBm

iz Pk )
= REW: N MR © dBydiv:

= RF Measurements ‘
— ACLR, MCPR, CCDF, OBW =

< RBW -
200 foHz h

-100.00 dem

Autoscale ¥ CF: 244610 GHz

“ Span; 10,00 MHz

= Pulsed RF Measurements e R
— Power, Rise/Fall, PW, PRI, Freq & ot
Phase, Deviation, etc.

=

= All available at any time...
...on the same acquisition

95

| o) ) I O B B @) @

» Offast:
423 %
Autogcae | @ Cffesk: 200627 15 & Scalec 200,000 us
Pock: 49.830% @ 101298 u

AME: 5,664 %




Multi-Domain Analysis Reduces Test Times

= Traditional Radio Test Spectrum Analyzer Oscilloscope
— ACP, Power Ramping, EVM, etc. ::: g2z e
— Multiple test configurations S
— Configuration changes take TIME!

e~

Reconfig

Multi-Domain Analysis Benefits
— Many test types on ONE acquisition
— No re-configuration of equipment
— Streamlined radio configuration Power Meter

— Test multiple parameters on one
waveform

Reconfig

Vector Slgnal Analyzer

W

Real Time Spectrum Analyzer

Other Time Saving Features
— Unique “Replay” analysis options
— Fast narrow-RBW searches

= TIME is MONEY Single acquisition - B2
— Reduced test time l . hl
— Reduced equipment needs Fgor g

96 'Ibkll'ﬂlljx '



RFXpress™ RF Signal Synthesis (RF / IF /1Q)

Create RF signals with user defined:

Number of Carriers (1-512)
Data to be modulated
Modulation type

Carrier Frequency

Power Ramping

1Q Impairments

RF Distortion

Multipath effects

Interference

...All on a carrier by carrier basis!
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Setup
Base data — Modulation [ Filter wWmndow —*{ Eowe! Ri
amping
1/Q Impairments
; oft i oft oft (o)
Carrier _| Honlinear || Quad | W
Leakage Distortions Error Imbalance |
I
Dist. Addition Multi-Path
Amplifier off Define o |
Distortion Path |
Interference Addition
Signal 0 1| ffeet Off || |Sinusoidal  OFf | \><
Addition Interference | L
N
Hardware Off
S Catnaton 9 e Satings agh 8 Comple - i Furyfiiog kew
------ g Com @ [ ern | bvcihate i | Wokbein | b A
iR w w1 e .
I o kion | ke Ak
(R mteat |
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AWGs for Signal Generation and Injection

Transmitter
-LrLrLru Up Conversion
Base-band DAC mwmw
uuuud Signal '| I/Q _
. ] | Modulation
Processin ]
9 —~— DAC
/ J
Digital 1/Q I/Q Signal IF Signal RF Signal
Signal Injection Injection Injection Injection
NI |
N L e
| Q |
Slgel —! Demodulation SN
Processing ADC
“WWWW W
-Lru'u'u Down Conversion
— 5000 Receiver

= 5000 & 7000
” Tektronjx



RF/IF/Analog/Digital Signal Capture and Playback

= AWG can play signals: M ———
— Generated with GUI
— Captured with an oscilloscope

— Generated with user tools
(MATLAB, Excel, etc.)

— Generated with Tektronix tools
(RFXpress, ARBEXxpress)

— Generated with AE-tools

= RFXpress tool can be used:

— Create new single or multi-carrier
modulated RF signals

— Re-modulate signals captured
with the RSA — RF Replay

— Play “clean” or add controlled
Impairments and distortion for
margin testing.

99



= RFXpress -> ideal digital 1Q RSA decode
= AWG -> 1Q RSA decode
= AWG -> RF RSA decode

100 Tektrnnjx



Application:
Frequency Hopping & Transmitter Testing

101

Bluetooth® Frequency Hopping Spread Spectrum

Fie Yew Run Markers Setup Tools Window Help

& Time Overvie

[ analysis Length

< Offset:
0.00 dBrmn

< dBfdiv:
10,00 dB

-100.00 crn

@ Offset: 0,000 = 2 Scaler 1,000 ms

i

< Reflev: 0.00 dBm

&

@ Offset:

0.00 dBm
dBjdiv:
10,00 dB
© REW
1 Mz
-100.00 dém

Autoscale =

v Spectrog [Ylshow =

CF: 2,4500 GHz “ Span: 110.0 MHz

ale o (R 24500 GHz © Span: 110.0 MHz

Markers w ML

Creac] (] () ) (] [rsie] (]

DPX™ Spectral Display of Frequency Hopping

Hopping Improves Performance...

— Avoid Affects of Jamming & Interference

— More Multi-path Robust Data Links

Need to Test Hopping Performance

— Hop Timing, Frequency & Amplitude

Need Wide Analysis Bandwidth

To Cover Full Hopping Frequency Range

Tektronjx



Application:

Phase Lock Loop Settling Time

= Step Change in Frequency
— How long does the change take
— How much does it overshoot

= Spectrogram display
— Shows entire SPAN range of
frequencies over time

= Frequency vs Time display
— Allows easy measurement of
overshoot/undershoot

= Phase vs. Time Display
— How long to reach final phase
— Evaluation performance of DPLL

= Time Overview display

— Shows signal power during
transition

= Frequency Mask Trigger

— Allows triggering on only the
frequency transition of interest

102

9 4,04 MHe

& Offset:
752 kHz

-2.53 MHz

Maxi 3.739MHz @ 133.6us

_ D

< Mormal

Actual: 300,000 us

|~ dBfdiv:
10,00 dB

—
\/; -100.00 dBm
© Srale: 300,000 us

Min; -2235MHz 3 288.0us

© Srale: 300,400 us

I. e
& CF: 2.44610 Gz

v

& Dffset:
0.00 dém

| | © defdi:

10,00 dB

=
v Spectrog [¥Ishow <

“ REW
100 iHe

-100.00 dBm

Sutoscale | CF: 244610 GHz

Y Span: 10,00 MHz

Y Span;: 10,00 MHz

Markers v MR

%Frequency v -‘2.‘44835 GHz

(o) () WO B ) [ (1)

'Ibktronjx-



Application:
Cross-Talk from Other Devices

Cross-Talk
= |ntegration = Shrinking Designs

= Digital and RF Closer Together

-/

Digital RF Device
_ _ o Microprocessor Frequency 2.4 GHz
= CPU Operating Frequencies Rising Clock 2.4 GHz

= Digital Parts Now at RF Frequencies i}

= Challenge: Finding Transient Cross-Talk

= Benefit: DPX™ Discovers, FMT Captures,

Cross-triggering across platforms debugs

103 Tektronjx



Application:

Cross Platform Triggering on Spectral Events

Time Domain
(Digital)

Time Domain
(Analog)

\
A /
’ ’ R ’
\ /
R AN
\
\ x| |
; , DAC>~\~ |
1 1 \
1 \ _
F WP e / \ I-Q
J ] =10 Modulator
i : DAC ~
1 1 TR
1 1
: : i V2 VA .
| | ,' |
| | ) |
\ \ ) \
1 b 5 \ 1 44
‘\ ‘\ ,’ ‘\
\ \ ' \
\ \ ) \
\ \ i
\ e \ ,
\ - \ ] ol
\ o )] \ ’ o
% o] =] k. 4 o
\ TLA5000 c 7 TDS6000 =lslo
/ - +t
\ \ iView / ol '_
| | Trigger,and o 2.9 5
W= = sses Data [«eeoco [of 8 [¢ |®
{— /, A —— —

Logic Analyzer
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Oscilloscope

Frequency °
Domain

Power
Amplifier

Local
Oscillator ‘

Real-Time Spectrum Analyzer

TeKktronix
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Correlated Multi-Instrument Analysis:
SDR Across Multiple Platforms

Real-time Hardware Trace ., === o

2dl & EFE & @ 28] sws | =] T

tion Pratocol Desi Merify | AutoDeske:
I Cl: [1124us = e = DeltaTime: [rens = ;th (s) b
QSTART Address  C1: initQ>+4 C2: inilG>+8 Deltar 2rm 28| |5 R[] Twemh o =] 3y G <[ 08|o [Seocn EIP|

ST Real-time Instruction Trace
QSTART: Data Bl J_|_| J_| J_| J_|_| J

QSTART: Cantrol il f ESTAHT 158 H N Dats 500 H Delta Time: |134.316us 3:
COSTART: B_W"™
- Q-start Q-start | Q-start i
sample | Address Data | Mnemonic B s s =

StopLite+3?2 23FC MOVE.L #00001001,stoplLights+10

ite+3 23 #10000401 hts+14
0 s e et Sorce Code Debug

I DS01: Channell

B initqueue 4289 | CLR.L front
hitQueuet6 4289 CLR. 14 Eg) =5 can Listin :| ater 7]
166 | initQueue+C 4E75 RTS —I é%| |El GTll |AI f|lﬁ|*| SeneingLa
172 stoplitet4C  7EOD | MOVEQ #000000 i = 2[5 = N o | G
173 | stoplLite+dE 2007 MOVE.L D7,D0 .
Indicator — Lin \q ueue.c
_off |len | [l 241 B
_ ?;ﬁzlii_:iioffset) ;%K:; 25 /**J_J_*.._**.._*J__._*J__._,._J__._J_J_************_
Offset (ms):  5.729375 26|| * ROUt'I ne to '|n'|t'|a'l'|ze queue
: : 28||void
= Trigger, capture, and analyze the RF sig = :l[n'thueueO 02
i w31 front = Of
= View correlated baseband analog and di 3 rear = 0
: 33|[}
the frequency domain anomaly | I | =7

= Trace back to line of Code
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Application:
Modulation Transients

Bt Yow o Maubes Selp Took Wedew Hep

1
| [cisplays | (Markers | [Eattigs [ Trig | e J[Ariz ]  Freq: 1.50000 o2 © Reflev: 000 dim  [jutolev|[Amd ] [Mll

= SDRs Often Change Modulations e

0.00 B MagEm: RMS, Peak 0521 % 132 % 55,938 5
- 45.663d0  -37.190
& dijdr:
PhsoEnn: RMS, Pok 0296 * 0.941 * H0.532 1

10,00 o8

o REW Onign Offsot: 46,2650 Froquoncy Bror: 430 He

= Dynamically Switch Format & Coding - T T
[(utoscae | # oF: 150000 GHe = Span: 40.00 MHE

= Best Use of Channel Conditions

Pask LAI% @ 0SKRus RMS: 0734 %

=  Example: 3G HSDPA, QPSK & 16-QAM

Bt Yow o Maubes Selp Took Wedew Hep

1
| [W] lmkgs] Catings [T-'_‘J"ﬂuﬁl o Frag: 150000 GHz © Reflev: 000 dAm l-\utalev"ﬂ] [MI

T cignal Quality Measuremen
v Gmap [Dshow & on EVMRME, Podk 4.691%  T3SH% 10599
PSSR 26730

= Challenge: Finding Brief Transients O ) S D

10,00 8 PhaseEr: RMS, Posk 5700 * 90000 * 1065990 ug.

Onign Offst: 57,2240 Froquoncy Bror: 217 He
Gan Imbalance: 0,011 o8 Quadraturs Emor: 0,236 ¢

W
W

= RTSA Benefit: DPX™ Easily Discovers

(i 1 .
[ Autoscae | = Offset: 41007 us

Pesk TISI4% @ WS9E L RMS: 4091 %

108 'Ii:ktrnnjx



Application:

Non-Linear Effects & Digital Glitches

107

Time Correlated Multi-Domain Analysis

Complex Digital Pre-Distortion
Glitches Maybe Data Dependent

Challenge: Trace Source of Glitches

— Misaligned Modulated Bias Techniques

Challenge: Finding Algorithm Problems

— i.e. Sources of “Memory,” Overflow, etc..
Benefit: Correlated CCDF, ACPR, etc...

Benefit: RTSA Finds the Problems Fast

TeKktronix
/



Application:
Power Supply Droop & RF Output

= DSP Power Requirements Vary oealeseope I_L
— DSP Processor Executes Complex m Cocn Trigger = ‘
Routines
— Result can Vary Bias Voltage on PA
e B
= Code Dependent Analog RF A Transmitter
— Large Data Changes can Lead to Varying
CCDFs & Frequency Domain Fluctuations
=  Oscilloscope Current Triggering Approach IRC /Current Peak

Trigger on Current Fluctuations & View - \/ \/ ~—~

>t

Spectral Effects

" Challenge: Avoid False Triggering

— Current Peak # To Spectral Event?
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Application:
Power Supply Droop & RF Output

. . ) Logic Analyzer
= RTSA Supplies Trigger to Oscilloscope & TLA "5 Osciloscope -

TLAS000

— Trigger Source Based on Frequency .. | oSS0 RSA61008 ‘

Domain Change, Initiates Data Capture VP SRR B

= Efficient RTSA FMT Triggering

Data T~ X
DAC
: RS

— Mask Set to Detect Only RF Problems Digital Signal Processing

Transmitter
(Microprocessor/FPGA) /\/

= Time Correlated Multiple Domains

Fle Wiew Run Markers Setup Took indow Help

E Time Overvie Bl CEEwn B

— Droop, Re-Growth & EVM Jump can be

H Analysis Offset | ¥ [20.480 us ; (=) Dﬁsgt’ VDHZJ Auto -
Correlated to Frequency Domain Event | | |
“ Offset: |§|
< dB/div: ]
=  RTSA Benefits: Avoid False Triggers nenee
— Correlate Spectrum, EVM & [ o ombomns > skanana] PR
. e - 7 Trace 1 [¥lshow = +Peak Nomel — "
Constellation as well as Current on mort o
& dBfdiv: Tirne: 109,648 us
External Oscilloscope and code on TLA con
m & (CF: 1.50000 GHz & Span: 40.00 MHz
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Cases Study

- EWE

= G

n tl[ Ejt] FFIE%EQL_ ﬂclé‘;&

I

= RIFEHBRENE]S

= et akaEiEl (Base station)

o ﬂ’*ﬁ LT H(Transient EMI)

0 ﬁ = ?%JE“EWE“'?}? \;\\E&F%(Mllltary Radio)
g ﬁﬁ’?gﬂ'ﬁﬁ'\%@oftware Define Radio)

= |ED (Improvised Explosive Device)

o I
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Why Do We Need RF Capture & Playback?

= Why do we need this capability?
— RF System Development & Test
— Electronic Warfare, Counter-measures
— Detecting and Defeating RF Threats, i.e. IED’s, etc.

= Focus on RF Threats...
— Discover the existence and nature of the threat
— Capture & Analyze the characteristics of the threat
— Synthesize a signal that will jam the receiver

— Characterize the timing and effectiveness of the
jamming signal

1 'Ibktmnjr



RF Playback & Analysis

Simulation Software
MATLAB, MathCad,
RFXpress, Excel,...

(1541
[T ]

e

|

Tek Real Time Scopes, Spectrum &
Logic Analyzers

Threat or Jammer Simulation via

Two or Four Channel System

e Stimulus

| Modulation/EVM |

Wireless

W-LAN / Wi-Max, MIMO, Radar
IQ & IF

| DC/AC Parametric Test |

Serial Data communication
Ethernet, Multi-level

| Linearity |

| Level/Timing Margin |

Mixed device
ADC / DAC,
Imaging Sensor / Display |

<

Setup / Hold Time |

112
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I RF Playback: Direct RF Generation

°xg |

WaveCAFE - XCOM

27.045MHz

Software File Conversion
TIQ-Text-Matlab > AWG

AWG
RSA Playback Time
CE = 27.045MHz Playback Sample Rate AN
BW = 10MHz 27MHz > 100MS/s (Nyquist) __ =0.64s
100MS/s
SR (1&Q) = 12.5MS/s

1 'Ii:ktrnnjx



I RF Playback: 1/Q Generation & Modulation

27 045MHz WaveCAFE - XCOM

Software File Conversion
TIQ-Text-Matlab > AWG
Via WaveCafe - XCOM

RSA
CF = 27MHz Playback Sample Rate Playback Time
BW = 10MHz 12.5 MS/s 64MB
— =5.12s
SR (1&Q) = 12.5MS/s 12.5MS/s

- 'Iizktrnnjx



Example: Selectively Jamming an RC Car

Oedap: 0 %

Spectrums
captured over | ==
time :

& CF: 270000 M ® Spanc 300.0 ko

Auboscals |

-110.00 gBm

DPX clearly shows the
effect of the jamming
signal

¥ Span: 200.0 kg

Frequency Mask Trlgger (FMT) used
to selectively trigger on one particular
transmitter, is used to trigger AWG

115

* Trace 1 [ show

& -10.00 dBm

o de/div:
10.0 dB

<~ Span:
200.0 kHz
-110.00 dBm

Autoscale

RMS: -28.35 dBm
Max: -21.37 dBm

+Ppak Mormal

o=l
[Cex]

The timing of the
jamming signal can
easily be characterized
A=3]

|
¥ Span: 200.0 ki

“ Trace 1 [¥]Show  Normal

]

=
& Offset: 13.600 ms
@ 39.05 m

;

& Scale: 42.000 ms
Min: -80.78 dBm @ 4746 m
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Cases Study

- EWE

= G

n tl[ Ejf] FFIE%EQL_ ﬂclé‘;&

= R

= SRIFAFEEOE AT

= et akaEiEl (Base station)

o ﬂ’*ﬁ LT H(Transient EMI)

" ﬁl | ?%Jf“ Byt B (Military Radio)
g ﬁﬁ’?gﬂ'ﬁﬁ'\%@oftware Define Radio)

= |ED (Improvised Explosive Device)

R
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T PER HIx 555 R 1.707GHz GPSFHEH

Marker: 11?;‘}375")5 18%5 —G(Hf:}q 57 dBm/Hz) Frequency: 20 MHz Spectrum Length: 10.24 ms
50 -19/.03 dom |-179. my/Hz Span: 40 MHz Spectrum Interval: 160 5 Demod Type...
o Input Att: — NBW: 195.738 Hz Hi-Res: x64

AM

_ /  Audio LPE...
" 42.2 dBm (-65.12 dBm/Hz Audio LPF...

None

Ll Audio HPF...

: 1.707 GHz Span: 5 MHz
er: 1.70703125 GHz
-107.59 dBm
4.4 ms -54 frame

: Demod Type :
SINAD X RMS Depth: 23.53 %
THD - — Max: 96.13%

TNHD : 139.3883 % 2.88 dB Min: -95.72 %

; ; Audio Freq : 1.331 MH: Go to page 2
enter: 1.707 GHz ! :

(of 2)
Audio Measurements: Signal /I ise & Distoi

Frequency: 20 MHz Acquisition Length: 1 ms Lancel - Back
Span: MHz Symbol Rate
Input Att: — (Symbols/Sec)
AL-R: 4453125 {5 Marker: -17.5940625 ms 1.331M
0.358 dB 1.131
5.46 de Measurement
Filter...

RootRaisedCosine

Reference
Filter...

fEIF'JRSAVU :"%‘Ejp—hgj&%‘?’“ jE L 1A 7H
(GPS: 1.707GHz, BPSKF, 1.331Mbps)

Load User Filter
Measurement
(None)

Load User Filter
Reference
(None)

Digital Demod: Symbol Table
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HIp[ 14 # % 1.687GHz GPSFH5E

1.68750625 GHz
-94.25 dBm (-135.22 dBm/Hz)

Marker: 2 5 MHz
-35.75

=y n . " 4 T o [ : $ |
Center: 1.25 MHz Span: 2.5 MH.
S/N: -16.58 dB Demod Type: AM
SINAD : 0.09 dB RMS Depth: 45.21 %
THD: 98.6167%  -0.12dB Max: 235.95 %
130 | TNHD: 82.4144%  -1.68dB Min: -99.56 %
dBm Audio Freq: 660 kHz
Center: 1.6875 GHz Span: 5 MHZ|

RealTime S/ A: Measurement OFf Audio Measurements: Signal /Noise & Distol

Frequency: 20 MHz jon Length: 1 ms -l
Span: 40 MHz Symbol Rate
Input Attt  — (Symbols/Sec)

Al1-R: 4.29125 ms rker: -17.31703125 ms 660k

Measurement
Filter...

RootRaisedCosine

Reference
Filter...

None

Filter Parameter

i ®|RSAVU 5%‘5}@-&]&%?” J I B ERR
(GPS: 1687GHZ BPSK, 660Kbps)

0.5

Load User Filter
Measurement
(None)

Load User Filter
Reference
(None)

111101110
: 111

al Demod: Symbol Table
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53 YHER HIF

Marker: 2.44532 GHz . AM
-23.58 dBm (-67.56 dBm/Hz) .7 dBm (-71.63 dBm/Hz

] 0 2 Audio LPF...
dBm n

None

& Audio HPF...

None
Fudkllar: De-emphasis...

None

(f| Harmonics #

Center.

S/N: -11.86dB

SINAD : 0.27 dB
-100 THD: - in: -87.85 %
dBm TNHD : 67.2824 b -3.44 dB ) - °
Center: 2.44532 GHz Span: 10 MHZ] Audio Freq: 3.072 Hz Go to page 2
4 Audio Measurements: Sign /Noise & Distol (of2)

requency: 20 MHz Acquisition Length: 1 ms LS ] I P
Span: 40 MHz Symbol Rate
Input Att: — (Symbols/Sec)

Al-R: 25.15625 &8 Marker: -8.90125 ms 3.072M
0.298 dB 1.108 o ——
Measurement
Filter...
RootRaisedCosine

Reference
Filter...

None

Filter Parameter

HEIRSAVU fﬁﬁgﬁfﬁﬂﬁﬁﬁ:jjé’_tl}ﬁﬂ 2y
(2.445GHz, QPSK, 3.075Mbps)

Measurement
(None)

Load User Filter
Reference
(None)

Digital Demod: Symbol Table
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RSA and SA2600

= —_— - — .
O jm
E B | /=
— | C—c |
SA2600 H600 RSA3300B RSA3408B RSAG6000A
Frequency ) 9kHz —
Range 10kHz — 6.2GHz 10kHz — 6.2GHz | DC - 3/8GHz DC - 8GHz 6.2/14/20GHz
Analysis 20 MHz 20 MHz 15 MHz 36 MHz 40/110 MHz
Bandwidth
DPX 10000 frames/sec 10000 48000 48000 48000,290000
Live RF 2500 frames/sec frames/sec frames/sec frames/sec frames/sec
DPX 100% 125 usec/
POI* 500 psec 125 psec 41 usec 31 psec 31/24/10usec
Frequency
Domain v v v
Triggering

* POI = Probability of Intercept
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