Science of RF
Measurements
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Cassini Basic Seminar Outline

{

L .

Operation and Troubleshooting

System Administration and Maintenance

Basic Test Plan Concepts

Science of RF Measurement

Device Definitions

Example Applications Development

Test Fixture and Device Interface Design

Test Design & Best Practices Test Optimization
Application User Guides

Roos Instruments



RF Measurements Outline

—
|

L

Basic Measurements

Phase and Magnitude

Scattering Parameters

Conversion Gain/Loss Measurements

RF Power Measurements

Spectral Purity (Harmonics) Measurements
Intermod Distortion Measurements

Digitally Modulated RF Signal Measurements
Error Vector Magnitude (EVM)

Noise Figure Measurements

Roos Instruments



-‘q)- Cassini ATE System
|| Basic Measurements

4

L

e S Parameters
* RF Power

* Noise Figure &
Noise Power

e Spectral Purity & ACP
* Gain Compression

* S/N, SINAD,
Distortion & BER

Roos Instruments

* Intermod Distortion

* 3rd Order Intercept (TOI)
* |[solation

* DC Voltage & DC Current
e DC to RF Efficiency

* | & Q Amplitude & Phase

* Rise/Fall, Duty Cycle, Period
& Jitter
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]| Verification

4

L System startup verifies major component
functionality

System receiver self calibration/verification every
20 minutes

Full verification to calibration specifications
automatically run on user schedule or on demand

Roos Instruments



-::- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
e Scattering Parameters
e Conversion Gain/Loss Measurements
« RF Power Measurements
e Spectral Purity (Harmonics) Measurements
e Intermod Distortion Measurements
e Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments



: Why Measure Phase and Magnitude ?

l#

L To Measure Complex Impedance

Resistance with Capacitance & Inductive
components Complete Characterization of Linear
Networks Transmission Distortion Effects

Deviation from Linear Phase
Bandwidth

Vector Accuracy Enhancement
De-embedding of measurement results
Characterization of Systematic Errors
Time Domain Transforms

Roos Instruments
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Vector Network Measurement

4

L Retlection Meas:
Input VSWR
Return Loss
Input Impedance
Reflection Coeft

S Parameters Si1
S22

Roos Instruments

Transmission Meas:
Gain/Loss
Insertion Phase
Group Delay
S Parameters S21 S12
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_Typical Network Analyzer

NETWORK ANALYZER CONFIGURATION

@; b

EFLECTED

D

TRANSMITTED

SEPARATION

F plpd é! SIGNAL $~—>{ :i%

|
INCIDENT REFLECTED TRANSMITTED

— | |

RECEIVER/DETECTOR

|

PROCESSOR/DISPLAY
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|| RF Reflected Signals

{

I—
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-‘: Reflection Coefficient,
I Return Loss and SWR

{

L REFLECTION TERMINOLOGY
Hefle-::':ti'un r = NMNr_ ZL-Zo _ D/
Coefficient Vine 2L+ 2o -
p =1Irl
Return Loss = =20 Log D
1+ P i
SWR = 1-p
O 1 p
e O RL (dB )
i o= SWR

Roos Instruments
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Il What is Group Delay?

{

L GROUP DELAY
Phase | \AJ
@
| Frequency
1
dpy L7
dyy
Group Delay = t_ = -d@ @ In Radians
g dw W In Radians/Sec

_ -1 d® @ In degrees
360° dy 1 InHz (w=271)

Roos Instruments



-::- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
» Scattering Parameters
e Conversion Gain/Loss Measurements
« RF Power Measurements
e Spectral Purity (Harmonics) Measurements
e Intermod Distortion Measurements
e Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments



-‘.)- Basic Measurement Capability (S-
|| Parameters)

4

L Definition of Scattering Parameters
Measurement Concept

Flow Graphs

Cassin1 Measurement Hardware
Error Correction

Two Port Error Model

Roos Instruments
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Il What is an S-Parameter?

{

L SCATTERING PARAMETER
DEFINITION
Incident S2 Transmitted
a4 ] — D
Sw | "E o
1 1 1 = 1
Heﬂactedj L but ] | lf Sos
< / Port 1 Port 2 ] ‘ Reflected
by ( ¢ L a3
Transmitted Sz Incident
b, = S, a, +Sy a

D, = Sy a, + S, a,

Roos Instruments
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|| Measuring 2 port s-Parameters

{

L SCATTERING PARAMETER
MEASUREMENT
incident S a2 Transmitted
dy |
S J‘ (1 our ]j “o |
b, EEﬂECtEdJ by = Sy 2y +Si2 2 aEX oo

Dy = Sz 3y + S22 8

Reflected b
511 = "_"-—-1— ‘ 8, = 0

Incident a 4

Transmitted b,
SE‘I = — | 32 = {
Incident a4

Roos Instruments



: Second half of the S-Parameter

|| Measurement Process

{

L

REVERSE MEASUREMENT

bi
. ™
:ﬁh ’ Refl ;
= ] — eflecte
Z_ | but |}
Load <: . a,
b, Transmitted Siz Incident
S P2 | 4, =
22 = i 1= 0
bI
Sgg =— | 4, = 0
a

Roos Instruments
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]| Testing an Attenuator

{

L ATTENUATOR S-PARAMETERS
521
-20 dB > 0.1<2
1 >
12 SWR s, ) .
0.00<2 J @ i @ 0.05< 2
< ’ 2 {1 SWR
¢ 2
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|| S-Parameter Flow Graphs

{

L FLOWGRAPH REPRESENTATION
S—Parameters
Port 1 Port 2
ay ; S 2 1 b,
——— — - I —
I - Spt
oF '. l ; s
— -« : —-—
: St :
Forward Reverse
Number of _ Number of )2
S-Parameters Ports
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-':- One Port S-Parameter

Il Measurement Errors

{

L "ONE PORT" MEASUREMENT MODEL

® * > *
5 Directivit Source
irectivi
- B YD y 1MM31¢51 +511A
s
® * -+ *
( 1+Tgr)
Freq Response
Stia (14Tg )
Stiy=D +
1 = MS S“.ﬂ.

Roos Instruments
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Directivity (Directional) Errors

DIRECTIVITY ERROR

Directivity <D

I
| -

|

|
|
]

1
L,

I
i e -
1

Roos Instruments

DUT
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|| Reflection Tracking Errors

{

L

FREQUENCY RESPONSE ERROR

R A
L_§ Cable
X
= =

& DUT
Adapt

e Coupler Tracking
® Test Cable/Adapter Loss
e Test to Reference Mixer/Sampler Tracking

Roos Instruments
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|| Test Source Mismatch Errors

{

L

SOURCE MATCH ERROR

Source

L L e ]

Roos Instruments



<
i
Il Why we use Error Correction!

{

L

BEFORE AND AFTER
ONE-PORT
MEASUREMENT CALIBRATION

o

_rl: 20
- Data Before B
E 20 Accuracy Enhancement »
= [
E £ 1.1
r o
T‘:‘ . =
= 40 - - g
= E1.01
= E
60 - Data Aller -
Accuracy Enhancement . 1.001
cooo 200 MHz/Step 12000
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|| Expanded 2 Port Cals

{

L

TRANSMISSION MEASUREMENTS

R A B

el H.-H"'h
.3 X o

pv

—
= =
Source Load

And Mismatch Mismatch
Frequency Response

Roos Instruments
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|| Flow Diagram of 2 Port Errors

{

L TRANSMISSION
MEASUREMENT MODEL

C
*

SE‘A 1+T1

|
In = . - T . T > 1!- Out
ME% SﬂﬁI SEEA MLT
- ] - i

Sz,

Sa214 (1+T¢)

Sa2ipy = C +

1= Mg S11, " MLS22, "M M Spq, Sz

Roos Instruments



-‘.)- 2 Port Calibration &

|| Vector Error Correction

4

L Characterize Systematic Errors

Remove Systematic Errors from Measurement

Reflection Cal: Ms, D, Tr
Through Connection : Tt, ML
Isolation Measurement : C

Roos Instruments



-':- 4 Port Testset Config for
|| S-Parameter Measurements

) Roas Instruments, Inc - Cassind w Ji
Block Diagram, Test Set S-Parameters Top View
I RIB343A RFZCT) RF3jic3) RFG|(CE) RFT iCd) il
Sre HI O O Lo Rec HI
2007-12-25 i Src 3 CeE®  (Bc2
Corpwrighl Focs nsinumanss, G
Subject o change withowt notice (] RF2l* CFE  Glca ® RFa
P2 CP& RFg|" C80 _©g4  ARF7
CP-3 CP-T
s
[ %]
Src 3
ey = [ L | L | nn |
L1 L 11 L1 LT 1
R-2| T R-3 - R-G| R-7 -

Sre
[BRCT HI:I 1
(C5)

| : Receiver

| Muais High
! Ingut
Surce 1 (1)

_ sﬂ'ﬂ's’e%
Roos Instruments e Rt rcromectnel S

Al others ame alectranic
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T Recelver S-Parameters Measurements

1 ® Roos Instruments, Inc - Cassini
Block Diagram, Measure - Receiver S-Farameters
RI85534
0071025 S bioeh 0 charnpe st st s
Mixer Board I LF. Ampifier Boad Complex Defector Board
21 4 MHz

I

I | E-"er:'i:fi.fnr
| S’I—L

I

I

I

I

I
I
|
S T [\ ap
1 | [—
l_cnjx.l | : !
G'Jl'?'.l #ELI;'FI-H I :
|
T\ /] N W g | oo | BMEEX,
| —- - - : |
| R ; |
I i T EHz : I
1 BPF . AT
)
|
| | |
| ! | !
|
| ! @— PLL :
]
| I 21.4 MHz :1H i
L e e e o o e e — — — — o o — —_
Out X,
IF Output

=

Gk S5
AEc

] OO0

Saurce 0.0 -
Roos Instruments T
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|| Forward or Unidirectional

4

L Fastest method

6 Vector Measurements

No Source Switching
Allows "Hot" S _,

Default RI Method

Roos Instruments
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)| Forward Method

4

L Measure a , b, and b, terminated with known [, and
again with known [ .

Equations infer a_, and therefore s |

[ 1

@ — - DUT | —
V. S r2
b, d; b,

Roos Instruments
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)| Forward Method

4

I—

AF4
Receiver
Low
Input

Source 1
(SRCT HI) Eﬂ:’—L:
1

10dB

|s86ee P T

EA-frsmsbnasue

Roos Instruments
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|| Conventional or Bi-directional

4

L VNA Method

8 Measurements Required
Slower

Most Accurate

Switch Source to Output Side
No Hot S |

Roos Instruments
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]| Conventional Method

4

L Measure a , b, a, and b, ; Stimulated forward and

12 717 72

reverse
— DUT —
o} d; dy b,

Roos Instruments
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J| Unidirectional or Bi-directional

4

L Use Unidirectional for:
Speed
Hot 822

Use Bi-directional for:
S,, S,, accuracy

Roos Instruments



-F- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
e Scattering Parameters
» Conversion Gain/Loss Measurements
« RF Power Measurements
e Spectral Purity (Harmonics) Measurements
e Intermod Distortion Measurements
e Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments
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=u Frequency Translation Device
|| Measurement

4

L Cassin1 Measurement Approach

Multi-Port S Parameter Detection Hardware 100MHz to 20
GHz

Requires one or more additional RF Source for DUT LO

Stimulus:
RF Stimulus Source: RF Input 100 MHz to 20 GHz
DUT LO Source: LO Input 10 MHz to 20 GHz
Maintain Constant IF Freq
Sweep RF and DUT LO Frequency
Requires 3 RF Sources to be at Different Frequencies

Measure: Pin(RF) and Pout(IF)
Calculate: Conversion Gain/Loss=Pout(IF)/Pin(RF)
Test Plan Optimizer Determines the Measurement Sequence

Roos Instruments
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=u Frequency Translation Device
Il Measurements

B Roos Instruments, Inc - Cassini Mixer J1
Block Diagram, Test Set Top View

)| rigsasa S - i reslice) RFT (C4) e )
E Sre HI c5® @ Res HI
-

2007-12-23

Copyrighl o Isinamants, ne
Subjedt in-change withou rotice

S 3 ceEE  @g2
RF2 C7E  Ec3 e RF3
RFG cEE  Eca  O|RFY

[ =) P Ir-ﬁll
CP-7
_\1\
||
Ergﬁal — . wlal ] |T 0 |
I 1 I 1 L1

R-Z) R-5 R-f T

i |
(ERCT HI) I
(IG5

| : Receiver
High

Ingut
1)

Miisa
Salrce 1

Roos Instruments foucsz,

E=Elec1r-=--ﬂ'rechanlcal Switch.
Al pthers are electronic
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=u Frequency Translation Device
Il Measurements

B Roos Instruments, Inc - Cassini Mixer
Block Diagram, Test Set
I RIB5454 RFZY(CT] RFZ{C3) RFE}(CH] RFT(C4)
S HI
2007-12-25 E Sre 3
Copsriohi Rocs Insinamants o
Subjet Io-change without rotice RF2
I
RFG
CPa2 GRS
CP-3 CP-T
_‘1\
[
Src 3 ! - ‘!‘
(ce) [ulsl o | pon nA |
L1 | 11 L 11
F-2) - &) R-7 _

Sz
(BRCT HI)
(G5

[=]

J1
Tep View

cs5® (B Re: H
ce® @c2
CT® @c3 = RF3
ce®  @c4 S| RFT

Y

Roos Instruments fog2,

I : Recavar

High
Imput
1)

E=Elec1r-:}-rnechanln:=al Switch,
Al pthers are sleciranic



-F RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
e Scattering Parameters
e Conversion Gain/Loss Measurements
 RF Power Measurements
e Spectral Purity (Harmonics) Measurements
e Intermod Distortion Measurements
e Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments
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|| RF Power

4

L Cassini Vector Corrected RF Power Measurements
Bandwidth Selectable Absolute RF Power (dBm, watts, etc.)

True RMS RF Power of Wide Band Digitally Modulated
Signals

S Parameter Detection Hardware

Amplitude Only Measurement

IF Measurement

Wide Dynamic Range

Automatically Corrects for Signal Path Losses

Roos Instruments



-F- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
o Scattering Parameters
e Conversion Gain/Loss Measurements
» RF Power Measurements
» Spectral Purity (Harmonics) Measurements
* Intermod Distortion Measurements
e Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments



-f- Spectral Purity (Harmonics or Spurs)

]
L

Measurements

Cassini Measurement Approach
S Parameter Detection Hardware 100MHz to 20GHz
Relative RF Level Measurements

Stimulus
Single RF Tone at F1

User Specifies Harmonic No., N or Spur Frequency
F2

Measure: Pout(F1) and Pout(F1xN) or Pout (F2)
Calculate: Pout(F1) - Pout(F1xN)) or Pout (F2)

Where Pout(F) = DUT Output Signal Level in dBm at
Frequency F

Roos Instruments



mu Testset Configuration for Spectral Purity

D Roos Instruments, Inc - Cassinl

J1
Block Diagram, Test Set Spurs Top View
l RIB243A RF2(CT) RFT (C4) e
Snc HI c5E®  @c1 Rec H

2007-12-25

Copynighl P Insinamants, ins
Subject o change withouwt notice

Enz 3 CEE (BC2
RF2I* C7@E (Gca o/ RrFa

| & =
. RFE ce®  Ec4 RFT
CRz ek "55;:: '
- D- '|
., 8ot ';'L\:_ﬂ CP-7
‘-.‘1‘-’
l':'1
i |3|:|B
o
sl : |J1 «
(CE)
|- |
rR2|— R7| —

Src 1
[ZRCT HI
(C5)

Sourca #
-jNI:uEaﬂE:eij
=Elactro-mechanical Switch.

Roos Instruments e



-F- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
e Scattering Parameters
e Conversion Gain/Loss Measurements
» RF Power Measurements
e Spectral Purity (Harmonics) Measurements
* Intermod Distortion Measurements
e Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments



-‘.)- Intermodulation Distortion | TOI
|| Measurements

4

L Cassini Measurement Approach

S Parameter Detection Hardware
RF Level Measurements

Stimulus
Two Equal Amplitude RF Tones
Specify RF Level, Center Freq (F1) and Spacing
2nd RF Tone: F2 = F1-Spacing

Measure: 3rd Order Distortion Product Term
Pout(2xF1 - F2)

Calculate: IP3 / TOI in dBm:
Pout(F1) +[Pout(F1)-Pout(2xF1 - F2)] / 2

Roos Instruments



mu Testset Configuration for Intermodulation

) Roos Instruments, Inc - Cassini

Block Diagram, Test Set TIC (IP3)

I] rigsasa w7 o

RFZ (LT}
Raac HI

e ]
o

20071223

Copyright Roos Insruments, ino

Sutgect o change wihout notcs= & RF3

* RF7

CP7

Srcd ':.—h
ki

rz|— . _ -

B T35

Sel 7
(SRC1 HIy D oEEEEs .
(C5) conr L 1y 152 e I
2 2 4 | W13 HA
M55 Mi1-B M14-8 =] Recaive |
i 1/ 1 38 Ly 2 Recemner
— . 1 . 2 . 1 177 High
Sourge 1 ] [ETr . ! 33,9 I:g;?
[SA=0ad]
Path loss powerns Uriless otherwise nobed, all
we=1GHz, walyy=1GHzGGHz Moise cables are SMA, and all cables
B Source Palh Powers [F?D':'r';":ﬁezn are M-M.
I Dir Rac Path Pawars
Il 5-Para Path Powers E=Ela:rm-ma:hanuﬂl Switzh
Al olhers i eleetranic.

Roos Instruments
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Intermodulation

RF Source Configuration for

@ Roos Instruments, Inc - Cassini

Block Diagram, Small Cassini (RIBS56A)
l Typical Configuration of Two (2) Source/Amp Attenuator TIMs (RIB555A)

20081018 Amp/Attenuator Module, Source2
Jeu X
In A
—» Dutput
Comisiner
. L e B4 = E:n W) B5 —;] Lo 7
s e ] = [T’
™ il [ —{ E— g | NG j =Ll ric
1 i | - 1
= D dpwan e - - o
&dB -
l__ -
e [
Ji-
Main
Qutput
Amp/Attenuator Module, Source1
(g Jix
In Al
o l.n utput
Combiner
3 [ B3 B4 HE B4 e} [ BT
Sourcet =t S :l-n]m: r mi D—E] BB m[:l_ﬂ:l
-~ — — N
1 . 1
P e - e ]
E-dBJ-: IHT"' g
e |
J1-u
Roos Instruments
Curtput




-':- Receiver Configuration for
|l Intermodulation

* @ Roos Instruments, Inc - Cassinl
Block Diagram, Measure - Receiver TOI (IP3)
185534
TOT-10-25  Subiots s crrgs wilens retice

Mixer Board I LF. Amplifier Board Complex Delector Board

| |
| | leise |
| 1 |

I <) 2 GHz I
| R | A d\‘:ll— AD I
T B 72 =t R\ [ !
i -
| 1 D A s | B
; Tl g et
i | i ao | |
| |
l |
l |
| |

L

FLL
— i
—F
In L,
%ﬂ Al F H
000
L l::' ".k — Fr ! \_‘_._ 3

Source
DIIIDDDD DDDDDC-DC- ﬂﬂﬂﬂﬂﬂﬂ

Roos Instruments e




-F- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
e Scattering Parameters
e Conversion Gain/Loss Measurements
» RF Power Measurements
e Spectral Purity (Harmonics) Measurements
e Intermod Distortion Measurements
» Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments



= Wide Band Digitally Modulated Signal

|| Measurements

4

L Cassini Measurement Approach
S Parameter Detection Hardware
True RMS Noise Detector

Stimulus
Digital Modulation Signal Generator
Auxiliary Source Fast Power Control

Roos Instruments



: Typical CDMA Signal

l
L

S5MHz SMHz

3.84MHz 3.84MHz 3.84MHz

Delta F
|

ACLR = power in channel 3.84 MHz/Power in adjacent channel 3.84 MHx BW . Typical 55dB

Roos Instruments
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L

Source 1 & 2 Combiner Module for

Modulated Signals

@ Roos Instruments, Inc - Cassini

Block Diagram, 4 Source Combiner and 20 Ghz Source with DMSG
I RIB566A

2008-10-18

________________________ _I
| I
| 3 d8 |
Aux E&Eﬁng |
Ed:l Law
; | - Ba
| |_ Source 2 _l s [: Ll::l”' $n:|un:r$ |
BS [:I—I: 5“1’5’5"‘,5';“' H:l | 03— | {SRCT L)
Soure ol e e
(Dpbenan o= i Sauree 2
Source 2 HisE <
I
Source 3 Saunce 3
I |
I |
Source 1 I_E Coambrer
Sourcel _Cﬂ:’—],I |
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I I

e o o e e e o e e e e e e o e e o e o

Roos Instruments
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Measurements

Wide Band Modulation Receiver

Roos Instrumeants, Inc - Cassini

Block Diagram, Measure - Receiver  Noise Figure
I| Riss53A DMSG
2007-10-25 bt re chanan o mot
Mizer Board I I.F. Amplifier Board I Complex Detector Board
| 21.4 MHz Noise
| I | Detector
| |
I <0.2 GHz I
| R | | e AD
L
|n2:-<,| _\}Dgﬂ:f_ _\;} | I :
L s — s
GHz | A ( | 4&'&? | :
o I
| 0.2-2 GHz u,fl:-n- o | - ===
| | I /] T\ i |l oo | —lovsor| B2RISX
— [ |
| -l X .
—_ 7 kHz ! [
L BPF | L aD
I | I
|
| | : ] I
|
| QO
| Il 21.4 MHz :R L
| & e m — = — — —
I S —
L —3 QutX,
IF Crutput
AUX IE HI LD
8 ) /"' I
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S!Ei.Ece St
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(SXsMeRN SN s N oSN s NN PR MR )
R I t t ':‘{:PoF’o':'o‘:‘oc’oc‘o‘joﬂo':'o‘jﬂc’cag‘:‘oﬂo%




-F- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
e Scattering Parameters
e Conversion Gain/Loss Measurements
» RF Power Measurements
e Spectral Purity (Harmonics) Measurements
e Intermod Distortion Measurements
» Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)
* Noise Figure Measurements

Roos Instruments



-‘.)- Digitally Modulated Signal Error Vector
|| Measurements

4

L Cassin1 Measurement Approach
Intrinsic Errors measured directly

I/Q DC Oftfsets and Mag & Phase errors for
Mod/Demod

AM to AM and AM to PM for PA's

Stimulus
CW Signal Generator
Arbitrary Waveform Generator
Digital Modulation Signal Generator

"The Error Vector and Amplifier Distortion" - Published 1997 at the Wireless Communications Conference - Lucent / Bell
Labs - Heutmaker

"WCDMA Transmit IC : Application case study" - Wireless Workshop - Published at the 2002 International Test
Conference ( ITC) - Jointly by IBM and RI

" Edge PA EVM" - to be Published at the 2004 International Test Conference ( ITC) -
Roos Instruments
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This is EVM!

4
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-F- RF Measurements Outline

» Basic Measurements
L  Phase and Magnitude
e Scattering Parameters
e Conversion Gain/Loss Measurements
» RF Power Measurements
e Spectral Purity (Harmonics) Measurements
e Intermod Distortion Measurements
» Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)

* Noise Figure Measurements

Roos Instruments
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|| _Noise Figure Measurements

L Definitions

What 1s Noise Figure

Y Factor Type Measurements
Second Stage Error Correction
Mismatch Effects

System Noise Figure Effects

Roos Instruments
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| What is RF Noise?

L AVAILABLE NQISE POWER
(THERMAL)

—
R+jX %
-—

P, = kTB = Power Delivered 1o a Conjugate Load, i.e. R =
R, X = XK
k = Boalizmann’s canstant {1.38 x 1077 Joule/K)
T = Temperature (K)
B = Bandwidth {Hz)

Note: Al Standard Temperature T, (=290K):
kTo = 4 x 107" W/Hz = -174 dBm/Hz

Roos Instruments
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|| _What is Nosie Figure?

L WHAT IS NOISE FIGURE
(ORIGINAL DEFINITION)

(S/N),, [l>(sm)m

(SIN)in

F

($/N)ou | 1, = 290K

(S/N).n
F (dB) =10log —

(SfN)nut Ts -~ 29‘0"(

Roos Instruments



: SIN is too Difficult to Measure Directly -

]| Additive Noise is Not

{

AN EQUIVALENT DEFINITION
OF NOISE FIGURE (IRE)
Np ]
Nin — — — VA
i ‘T:=Tn N.. G Ny MNoise Added
an
Na
NinG
K f2
Noise Flgure: F = Nainﬁnﬁ T, =T, = 200K
Where
Nin = Pga From the Source When at 290K
I.E., Hln - hTuE
G = Available Gain
B = Bandwidth
Ts = Temperature of Source Resistance {290K)

MNote: N, = kT.BG (F-1)

Roos Instruments
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|| _2 Port device NF Testing Model

NOISE CHARACTERISTIC OF
TWO-PORT DEVICES

Na
é Z; @ Tl Dﬂp = H: + kGBT,

"'l—.,-—""‘_\_,.._l-II

- Added Input
- Np - MNoise Moise
a ¢
= Slope
E kGB
£
o
@
© Na
=

T,

0  Temperature of Source Impedance K
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: 2 Port NF Measurement Process
|| Y- Factor Technique

{

L MEASUREMENT OF NOISE
J\x\l:ta (Te) Ny
N1
Zs @ Tc, Th
L g N2 | KGB(Tn+Te)

N4 kGB (Te + Te)
_Th—YTe Ee T.+Tu

-

£S5
&

Y —1 B

(—-1} (—-11

Noise Power Quiput
z

=
o

—

Tec Th Ts

Temperature of Source Impedance
Roos Instruments
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|| 2nd Stage Error Effects

{

EFFECT OF SECOND STAGE
CONTRIBUTION
BGy, Naj BGz, N,
Inpul
n£ Noise 1st Stage 2nd Stage
i kT, B T
= Nag Total . o
Noise \ ee
N 1 Nay Gz Aded Power
. Qutput
T 1| kTeBG: KToBG1G; l
f
Na = (F-1) kToB_G Noise Input x System Gain
Fad Fom1
Fiotat = F1t %r* """"" G1G3 .n_ . Gp-1
Fo-1
Fiz= Fq+ 1:2’-_1
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-':- Gain of Device needed to extract

]| Noise Figure

4
I GAIN MEASUREMENT
Calibration DUT Measurement
(Measurement System) {DUT & System)
Noy N,
N3
Ny W GipB M1 kG 1GgB
N,
Na
i
T Th' T T Th
slope= kGiB = ”:: H: siope = kGyG4B =.'."T.'21.‘_f'r“_:
No-Ny
Th-Te
i N -N+
Th~Te
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=u Noise Source
J| External Calibration Standard

{

L EXCESS NOISE RATIO

FREQUENCY ENR (dB) /

}CKK AAA
BBB

ZZZ CCC

Excess Noise Ratio or ENR (dB)

ENR (dB) = 10 logqg (Théﬁgﬂ)

ENR {dB)
or T, = (10 ™ +1|. 290

Roos Instruments
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NF Uncertainty - Gain helps!

NOISE FIGURE
MEASUREMENT UNCERTAINTY vs
MEASUREMENT SYSTEM NOISE FIGURE

+ . i "
, [ A r [ LA ,
2 Va / . 2
/ | ?
. | / - J// L /! j/ .
. 1 — /y' 7? i rd f.r"'l .
1 1
. - LT sE | vam R T=T0 0] =11 a8 H!F;I ¥ Y .
j J(J/T/ 1 )
_,.,P‘r WF{ = FR-TTY
? | _"—‘J/".'/ _}‘lﬁ *
| . : \ i 4
\ ‘ : | |
o i " B b [ 1T T I i E E FT] M - m
ROF D il




-l'f- Slngle or Double Side Band Noise

— o — — e — —

'
T

=—High IF Low IF
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4 Port Testset Config for
Noise Figure Measurements

Ji
Top View

) Roos Instruments, Inc - Cassind
Block Diagram, Test Set Noise Figure

' RI8345A RFZ(CT) RFT (C4)
Erc HI Rec HI
2007-12-25 Znc 3
Copyrighl Foos Ineinamanis, Inc
Subject tn.change withou? rotice RF2 [® & RFa
® RF7

RF&

- RE) T R-7

e N = I
L1 L1 J | L1
rz|— R-3

Erz 1
[SRCT HI) ]
(C5)

E=Elamr-=-mechaﬂ|¢al Switch.
Al others are eleciranic
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T Receiver Noise Figure Measurements

1 @ Roos Instruments, Inc - Cassini
Block Diagram, Measure - Receiver Noise Figure
I| Riss53A DMSG

2007-10-25  Sbiarion change aithout motns

Mixer Board I I.F. Amplifier Board Complex Detector Board
21.4 MHz .

I Moise
| Detector

2-20
Ehz ALX O |E HI LD
S L /_ |
T ‘\ H
L0 e

Roos Instruments PP a0 R e




RF Measurements Outline

« Basic Measurements

 Phase and Magnitude

o Scattering Parameters

e Conversion Gain/Loss Measurements

« RF Power Measurements

o Spectral Purity (Harmonics) Measurements

e Intermod Distortion Measurements

» Digitally Modulated RF Signal Measurements
* Error Vector Magnitude (EVM)

* Noise Figure Measurements

Roos Instruments



: Preview Next Chapter Developing and
I

Running RI Test Plans

« Test Plan Concepts
L « Test Plan Development Overview
* Creating a New Test Plan
« Test Plan Structure
» Building a Test
» Saving Device Data
* Viewing Tester Configuration
* Compiling & Running
* Viewing Test Results
» Setting Limits
» Release for Production
« Lab C

Roos Instruments



-F- Questions?

- )

Any Questions from this Chapter?

Roos Instruments
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