IR

TR esAsE ARSI tEE ] | praEn

sandro_ye@keysight.com

201653H

KEYSIGHT

TECHNOLOGIES




Agenda

- RN RFUE
« {IBd{ERRIKES | (EIBT{ERSIGE(Y 2
- TNEEREBH4 RFINEREN ?
- TNREEIFFTOMTINEEATH R
- ERHFREUSESRI RF D17
- T E R RR R S IFIIRFIUE

- KRB RIREES oY (15 )
- L EHEVM NE 1 FHIEED

KEYSIGHT

TECHNOLOGIES

Using your scope
to make RF
measurements

Page 2



TikaaRFUERENRIBEEE S ET

- RS R IR ,
- BRSBTS AL 2 V7077 T
+ HeEZS EEEDUT A

— RS EISFEEE RAMSEM G EZ—
— N\IHRAAEEEITRESENA | S8 TREESEN TR ISIE
— AT AR ESHIATI TR , JENXTSIRERIE
- FEREIEGRIA2GH
o Infiniium VEFSZ3EN SR B TS SANRER A& (160-bit FE4BITHEA)

KEYSIGHT Why is this so important?

TECHNOLOGIES What valuable thing will you take away/learn that will save you
time/money or improve productivity

to make RF

Using your scope
measurements

Page 3



# Channels

im)
g@ e
o

Q 52 o
BN | IS B
m% E\ Il;
> IS
©) = m'\' @
B S &% g 4
ANt S >

_ o

- (@))]

1= PXA
160 MHz
0 MHz 160 MHz 510 MHz 8 GHz 13 GHz 32 GHz ... 63 GHz
BW BW BW :‘n’:JJ:BW""' BW BW BW
i— m \\ ra
RF (5515505
Using your scope
KEYSIGHT ‘ to make RF

TECHNOLOGIES

measurements

Page 4



GIUN &= E

[T ——

— SEAIE S T
- mAINIE

- mINUE

- RF 2 BmlE

- HIRSEEEIMUF

« INDHFERTEAT

KEYSIGHT

TECHNOLOGIES

RIS

HIEZRIRR

- TR
PR

=k—3

X5

i

- S5

 XIF0 EREE R RETE)RIREURE

* SIFTEERAYETIE AT

Using your scope
to make RF
measurements

Page 5



AN NS S

- BRBFEN
DRI R S T S AP AL RN s

N7 ERRY sl2 \ /}.;T-:;’—'-'::{‘_E wal | .

\ \ P L = " E =y . 2 i
. B TR AR RTY T s,
. AKIBRESEL B B

- EEESHEFFT
SRR i N s e
BLTRKSESIFRAN Matlab .m S LATRRESZORE ST

TR AT
AT TR C R R e

KEYSIGHT

Using your scope
TECHNOLOGIES

to make RF
measurements

Page 6



b3, 2014 a:

Measure Math Analyze Utilities Demos Help

16.9 dBn

3 dBn
1dBm

1 der

1dBm

AR ESAE & I | o

N ‘MT

11608 dBmj
10667GHz | AY 85.128dB
10667 GHz

dBm|

Syreunioos

-79.8 dBm|

dBm|

MR |

-110 dBm

-120 dBm
GHz fl

Y1 -494801 dBm
Y2 -104.186 dBm

T FFTs

Using your scope

KEYSIGHT to make RF

TECHNOLOGIES measurements Page 7



11

EERERT , FER
= B

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help il File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

asomv/ oov  |FQ] 480mv/ Jo.ov  |[(F 4]

56.0 dBm)|

56.0 dBm)| 36.0 dBm)|

20Kpts sl " 1 Mpts

-40.998 dBm Peak2
- 4,00 dBm)|

RBW=1.5 MHz e L  RBW=75kHz ..

-4.00 dBm|

3
B
=
o
B
@
<
B
=
g
z
2
&
&

PkLevel

\|Start[0.0 Hz  |Stop|100 MHz | CF[50.0 MHz | Span 100 MHz |RBW 15.0 kHz | @ Mark Peaks [-49.231 dBm|

Using your scope

KEYSIGHT to make RF

TECHNOLOGIES measurements Page 8



I - BBESSER N
=g HT%EFHE)J AR R ol

« FEUEEVRESSEMRL, 2 GHz R
, 50k ohm, 1:1, +/- 24V B

- ITEENEEREIRE LARIME
"EIEZE)J

- FFT AliRHIEERIRRIRELER

Customizable in
Footer

KEYSIGHT

TECHNOLOGIES

Page 9




$idal N ERZE A9 10MHzZ 8-S RS Ed
EELMMMES Mg EE , XeFEiEEelEs

Keysight Inf

iniium : riday, J

, 2015 2:07:54 PM

KEYSIGHT
TECHNOLOGIES
Rurif Stop @ ‘1[‘;,{] GSa/s HS_[}I] Mpts ‘ N N N N N N e N N e e M_?-_D GHZ‘ 0‘3_31755 \‘ m‘
Waveform Window 1

1L

|@.00mv/ 334V |@[s00mv/ Joov @3]

EAEE
EREBIEAT A

SEa |EDIU2A | Seaw awl

: 10 MHz A%t
T A R .. IR G e e

\0 50.0 ps/ |[7.7700000 Li-[_@T_lﬂ

spectral X,
5! |@|[10.0 dB/ [-63.0 dBm|E® 1 |

| oo [N S

]
[+
0

FFURBE R
10MHzHT$4

SEO [E2IUaA

1.00 MHz 240 MHz 3.80 MHz 5.20 MHz 6.60 MHz 8.00 MHz 9.40 MHz 10.8 MHz 12.2 MHz 13.6 MHz

|Start[1.00 MHz | Stop|15.0 MHz | CF[8.00 MHz | Span (14.0 MHz |RBW 3.00 kHz | [l] Mark Peaks (-84.546 dBm| @F 11 |

KEYSIGHT

Customizable in
TECHNOLOGIES

Footer

Page 10



f:

SE3W |EDIU2A | SEIW W

.«

|‘F_\ Results (Measure All Data)

J | @=s[1.00v/ Joov
— Zone Logic: 71 [ :

*&?—lzl HEiENRANE

Thow Chirp {55 MIHSL/I: {3

(=)

Messurement |  Cument [  Menm [ M | 34TTITTI Gtz ¥2 111818 dBm

® CockTEL) 71126463 ns
8| © Frequencyll) 40012210 Ghz

KEYSIGHT

TECHNOLOGIES

15533 fs

40258585 GHz

2-286.08608 ns 8 45222220 GHz AY 43181848
195.20796 MHz 10444444 GHz
957447 ps
-343636 dBm

S5 1 usec TAY RF fiod, £
MEES$M3.5 GHz ~ 4.5 GHz, 10
usec BXHEEER(PRI)

2L |m| SN[
NEUERAE

B TIERY N Z#E 28" B nT W ER
F BRI E

SIS ER FRRI— SIS
iREAl

SRR M EF2E” BRI RF
ﬂmngmz%z (1 GHz &%
iz)

RFEKHBIFFT(Z N FFTE ik
1)

to make RF

Using your scope
measurements

Page 11



I"FFTs

Z BT (Eli%E

- =R FFTs , B 5
SAATIE LSRR

KEYSIGHT

TECHNOLOGIES

|Start|100 MHz |Stop|500 MHz | CF

00 MHz | Span 400 MHz |RBW |7.50 kHz \' Mark Peaks [-40.000 dBm |

91586 Mz

KEYSIGHT
kit GIES




SCAiEI~: B |BlgtiEFFTs

File Control Setup Di er Measure Math Analyze Utilities Demos H

Waveform Win

st i B kil

=N

A
1]
=
]
1)
]

i

0.0 dBm

0 dBm

-80.0 dBm
100GHz f2
0.0 dBm

| sEal |B2Uap | SEIW SWIL

-40.0 dBm

L

Using your scope

KEYSIGHT to make RF

TECHNOLOGIES measurements Page 13



12518 FFTsSCHL RYIE[fERAYR S

)14 11:27:15 AM

= A A A AIRIAIA

Agilent

SEIW W]
SEIW W]

EDILBA
SEaly [EDILaA

2514767 GHz 1/ 9.6035 ns AY 44,000 4B
2.565778 GHz Y1
51.011 MHz Y2

Using your scope

KEYSIGHT to make RF

TECHNOLOGIES measurements Page 14



I1
K

(R ERFUEL B S IFaEIA?

— AEBRKREEREA— R

— RS BB P EEAEIERFEIR

—- (EETEMRN (RIZEIEARE RE
TR IERIADCHER) FHIRIKEE |
HRANZEIEr=EF

— BHEEIRFER
 MATiEErREEIR
- IGEs] RIRHRFIEIR

Using your scope
to make RF
measurements

KEYSIGHT

TECHNOLOGIES

Page 15



@

Keysight J1AJ25 HH 7RIk erHYG SIS

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

TOI & EVM SIEREH Ea - iR “u[W]H M R 50% 0 %] Color Nomal
A:Chl Spectrum v v B: Ch Main Time

MSO-S 804A =H35E(TOI) T of one tone (0 dBm)
+ 5 Delta marker =0 + 22.5dB * 22.5 dB

‘\
i

i/ bt

| mrrer | caunone

Average in Progress

Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

® AE- R VM. B

Fil

C: Chl OFDM Err Vect Spectrum |

s E Chl Search Time [§
Rng1 3m

=

MSOS804A EVM W-LAN.2.4 GHz 20 MHz (=2t
0.47% EVM rms

A& AL A%

PSG (Z2&

| NTREF | caL None

Using your scope
to make RF

KEYSIGHT
measurements Page 16

TECHNOLOGIES




FT— iR A BOH
IBEAEASIRFEE

Flle Control Setup Display Trigger Measure Math Analyze Utilities Demos Help File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

JECHNOLOGIES | == | JECHNOLOGIES | ==

AT B o5 | 1o | . . 5 |@Esmv] [ (T B [ (20.0 css | (Lo kpts | 2 6.00Griz| (256 | (@)[288.001)
Waveform Window 1 |Waveform Window 3/ x/|F ‘Waveform Area 1 Iﬂimfa.l X] ‘@
§|@|1‘00dﬁ,’ 181 dBm | @|20.0%/ [o.0e ] (-1

BE -
/\h/ Trude (108/dw) B/dlv : | \1 dB/dIV .

180 dBm

LA f Sea SWiL |

| sSeaW |EDIUSA | SE3IW 3

179 dBm

178 dBm

178 dBm 177 dBm

i 177 dBm i 176 dBm
100 GHz 2,00 GHz 1 iz 4 U .00 GHz 6.00 GHz 7.00 GHz 800 GHz L iz 100GHz 13 H; 100 GHz 200 GHz 3.00 GHz 4,00 GHz 500 GHz 6,00 GHz 7.00 GHz 800 GHz 9.00 GHz 100GHz 1

| o o
20 deg/di 20 deg/div/ ..
2::: /_/\// 00°

gt

0.0°
-20.0°

“0.0° <2

-60.0 -40.0 ®

O HZ A 10 GHZ 80.0°
OH:  100GH:  2006Hz  300GHz  400GHz  S00GHz  600GHz  700GHz  B00GHz  900GHz  100GHz @ O HZ 10 GHZ

| )|Start(0.0 Hz |Stop(10.0 GHz |CF [5.00 GHz | Span [10.0 GHz |RBW 300 MHz | [l Mark Peaks [-40.000 dBm| a|

A
0 Hz 100 GHz 200 GHz 300 GHz 400 GHz 5.00 GHz 6,00 GHz 7.00 GHz 800 GHz 9,00 GHz 100

4 GHz HEE 0000 RGgRREE - oS 8 GHz #5358 S &l --- BINSEERERA
=2 X0y
KEYSIGHT

TECHNOLOGIES




HREI+

Fie Edt Control Source
PO

Input MeasSetup  Trce Markers Wirdow Uttiss Hep

® B ea- - % WU M ][50 % (0% Color Noma
AChLPSD %4, B:Chl Main Time

DSO9000
106

Trace A MNkr

-106.211 dBu/Hz

| TReF | cauone

KEYSIGHT

TECHNOLOGIES

File Edt Control Source Input MeasSetup Trace Markers Window Utilities Help

PiloT:i0 Okt HEE s
A:CRLPSD ~

S Series
= =120
dBm/Hz

1 Q00 Q011 250,00 Hez

| maRe | cohome

to make RF

Using your scope
measurements

Page 18



Z51: FHV s [RIEHESL

260 uV
260 uV
320 uV
390 uV
620 uV
50 mV/div and 8 GHz BW ——> | 14mV

A my
dBm to Volts Conversion Calculator B 4 mv

Enter a £ value and one other value.
dBm: ]33 mv

Vpp:

Vrms: | .0014 241 mV
Z (Ohms): | 50

Calculate

dBm: | -44.067139329795424
Vpp: | 0.0039597979746446654
Vrms: | .0014

http://www.coretechgroup.com/dBm_Calculator.php
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From S-Series Data Sheet

1mV/div
2mV/div
5mV/div
10mV/div
20mV/div
50mV/div
100mV/div
200mV/div
500mV/div
1V/div

-28 dBm
-28 dBm
-24 dBm
-18 dBm
-12 dBm
-4 dBm
+2 dBm
+6 dBm
+16 dBm
+22 dBm

1.4mV rms JEI =
-44dBm @ 8GHz =
-44dBm — 10log(8E09) =

-143dBm/Hz &

R

-158 dBm/Hz **
-158 dBm/Hz
-156 dBm/Hz
-154 dBm/Hz
-150 dBm/Hz
-143 dBm/Hz
-136 dBm/Hz
-130 dBm/Hz
-124 dBm/Hz
-118 dBm/Hz
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S-Series Typical Values
(tested at 8 GHz, 1 channel on
one scope unless noted)

Sensitivity / Noise Density (1 mV/div; -38 dBm range)
Power Spectral Density measurement at 1.0001 GHz,
1.0001 GHz center frequency, 500 kHz span, and 3 kHz
RBW

-160 dBm/Hz
Noise Figure (derived from measurement above) 14 dB
Signal to Noise Ratio / Dynamic Range (0 dBm 1 GHz
input carrier, 0 dBm scope input range)
1 GHz center frequency, 100 MHz span, 1 kHz RBW,
measurement at +20 MHz from center 108 dB
Absolute amplitude accuracy (0 to 6 GHz)
+/-0.5dB
Deviation from linear phase (0 to & GHz; Gcal measurg
+/- 2 deg

Phase noise (@ 1 GHz)

10 KHz offset -121 dBc/Hz

100 KHz offset -122 dBc/Hz
EVM (802.121 64 QAM) -47 dB (0.47%)
Spurious responses
Spur Free Dynamic Range (SFDR)

1 GHz, 0dBm signal present at input, FFT =5 GHz

span, 3 GHz center, 100 kHz RBW 72 dB
2nd Harmonic distortion

1 GHz input, 0 dBm, 5 GHz span, 3 GHz center, 100

KHz RBW -64 dBc
3rd Harmonic distortion

1 GHz input, 0 dBm, 5 GHz span, 3 GHz center, 100

KHz RBW -46 dBc
Two-Tone Third-Order Intermodulation distortion
(To1) +21.5dB

KEYSIGHT 0dBminput tones, 2.435 GHz and 2.439 GHz, 2 MHz

TECHNOLOGIES

separation, 2.437 GHz center frequency, 10 MHz
span, 100 kHz RBW

Input Match (0-6 GHz, no attenuation)

-15dB; 1.4 SWR

Stated typical values are preliminary, subject to

change, and not guaranteed

Using your scope
to make RF
measurements
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