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2. 1

Agilent

= N8972A 10 MHz to 1.5 GHz
= N8974A 10 MHz to 6.7 GHz
= NB975A 10 MHz to 26.5 GHz
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. 346A/B/C

NFA with a Normal Noise Source connected
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SNS N4OOOA N4001A N4002A
Typical Noise Figure Measurement Test Setup

x =
=
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= SNS N4OOOA N4001A N4002A

An Agilent SNS Smart Noise Source
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DUT
DUT

= DUT
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1/F
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: 1/f
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1/f

1/f
1957 (M chorter)
¥ 1/f
10-° to 10°s
. 1/f
1969 (Hooge)
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GaAs

1/f

1/f

GaAs

100kHz

ImHZ

Agilent35670A 0.000122Hz to 102.4kHZ

1HZz
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= Agilent 346A/B/C
= Agilent SNS Smart Noise Source

U FSys
DUT
o DUT
DUT

= DUT
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DUT

DUT

DUT 290K
DUT
B
3dB
I: — Pgen
Sys
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DUT 290K
DUT

DUT

P P

no no

|:sys = =
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DUT
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10.3.1

Agilent

SWR

SNS

Agilent SNS

on off
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Instrument model | Frequency Range Maximum Reflection
(GHz) Standing Wave Coefficient
Ratio (SWR) (Rho) (P)
NAOOOA 0.01-1.5 <1,06:1 0.03
1.5 - 3.0 <].06:1 0.03
3.0 - 7.0 1.13:1 0.06
7.0- 18.0 1.22:1 0.10
N4OOTA 0.01-1.5 1.15:1 0.07
1.5 - 3.0 1.15:1 0.07
3.0-7.0 1.20:1 0.09
7.0-18.0 1.25:1 0.11
N40O2A 0.01-1.5 <].22:1 0.10
1.5 - 3.0 <],22:1 0.10
3.0-7.0 1.22:1] 0.10
7.0-18.0 | 251 011
18.0 - 26.5 <1.35:1 0.15

. Maximum change m complex reflection coetlicient between source ON

and source OFL at all frequencies tor N4OO0A only: 0.01.
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0 ENR Excess Noise Ratio

ENR = (TN —-TO)/T, or (ENR), =10Ig[(TSN —TO) /T, ]

2

N4OOOA SWR
N4OO1A N 7ooon 1000K
Th N 7 off 290K Tc

ENR Excess Noise Ratio

SNS ENR EEPROM
ENR



NFA

[11 77 TC

R/Q 3478

SNS-Series Noise Source

R/ 3478 wavequide noise sources
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Agilent 346A/B/C
346A/B 10MHz to 18GHz
346C 10MHz to 26.5GHz
= ENR Excess Noise Ratio
346A 5~ 7dB
346B 15~16dB
346C 12~16dB 10MHz to 12GHz 14~17dB 12MHz to 26.5 GHz
Agilent SNS Smart Noise Source
N4000A/N4001A 10MHz to 18GHz
N4002A 10MHz to 26.5 GHz
= ENR
N40OOOA 4.5~6.5dB
N4001A 14~16dB
N4002A 12~17dB
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PM(N-1)

G,P,+P F,-1 F,-1
Fn: Pno — p n|+ nA: n PnA FnZFnl-l- n2 n n3
Gani GpF)ni Gpl:)ni Gpml Gpmlem2
- 10.3.2 Y
Fl — F12 - [(Fz _1)/61]
BG,. Ng BG;. Ng;
Inplul
Hf E_I'}';*Ef' 2nd Stage
= Naz T4I +
1st Stage .- HgE:e h':'u“:g;
N N1 Gz M;Ed Power
i o Qutput
kT.B | | kToBG Ko Bl +
N, = (F-1) kT,BG Noise Input x System Gain
29 ) How noise builds up in a two-stage system.



Fl — F12 - [(Fz _1)/61]
= T,=T,-T,/G,

Y 1

|| F2
Measurement — NF,- Calibration — NF>
DUT = Stage 1 Noise figure
. instrument
Noise source » NF, o ":5
G, = Stage 2
NF-

Moise figure measurament Uses a WWo-stage system.
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|:2
Cali1bration
I:12
Gl
Measurement
346A/B/C

SNS
SNS

F1 = I:12 _[(Fz _1)/61]
=>T,=T,-T,/G,

2

[—E::—ww- -
-

{a) Calibration

&) Oooooc
Dooooo
Doooooo
=20
=0 I
ggg0 00
- o
Moise source o 21888,
L ] o0 )
N ————— =}

Measurement reference plane

(b} Measurement

o Ia[T

Moise source

The Y-factor noise figure measurement requires two steps:
{a) Calibration, (b} Measurement of DUT.
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o O &~ W0 DN

ENR

Fl — F12 _[(Fz _1)/61]
=>T,=T,-T,/G,
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Y

DUT

ENR

dB

A

TOFF TN ENR

ENR = (T2 —T2F )/ 290
T ON T OFF j
S S

ENR :10I0g10[

290
DUT
N ON T ON
Y = N OFF Y = T OFF
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Y

3

DUT Y
Y, = NOV/NOFF = (TN +T, )/(TOF
Tz — (TSON _YszOFF )/ (Yz _1)

DUT DUT Y

Y, =N INS"

T12 = (TSON _Y12TSOFF )/ (le _1)

+T2)
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Y 0

5
Gl :(Nlc;N _NlC;FF)/(NZON _N;)FF)
G, =10log,, G, dB
6 T, T, G
T,=T, -T,/G,

K F _factor
dB_figure

NF



DUT Gain (dB)
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DUT NF1=3.00dB
NF2=10dB
DUT NF12
NFA
DUT
DUT NFA
ENR

Fl = F12 _[(Fz _1)/61]
=>T,=T,-T,/G,



Measurement — NF; Calibration — NF;

DUT (amplifier)
Noise source p{ NF.=3.00dB

Noise figure
instrument

VSWR = 1.1 VEWR =1.5
(max) (max)

VEWR =15 —
(max)

NF2 = 10.00dB

VEWR = 1.8
(max)

40

Model for uncertainty calculation.




pmi PM(N-1)

: RSS root sum of squares

2 2 2 2
ONF, = fﬁ@mu + 5<m5 +-52%nm vl [z _ b JENR
Fl FlGl FlGl | Fl FlGl

- F, DUT F, NFA
F.,, DUT NFA G, DUT
ENR g dB
S=1 S=0
=Agilent RSS

TAG4
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N40O1A
ENR

Fixed

SNS
SNS

Sweep

N4OOOA

List



= NFA
- HXXH
o “Uncorr”
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» 10.4.1

. LNA

The Example DUT Specifications

Frequency Range

Tvpical Gain

Minimum Gain

Typical Noise
Figure

20 MHz to 3 GHz.

19 dB

14 dB

3R dB

[DUT: Amplifier]

46

1.0 GHz

2.0 GHz

NFA  [Meas Mode]

[ System Downconverter: Off]




Basic Noise Figure Measurement — No Frequency Conversion

346A/B/C Calibration Setup

Moise Source

SNS " . -

TTTTITIT,

SNS

Measurement Setup

Moise Source

puUT
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NFA

1
[Alignment
On ]
2 NFA [System]
[More 1 of 3] [Power On/Preset] [Preset
Factory | [Preset]
3 ENR [ENR] [ENR

Mode Table ] [Common Table On ] [ENR
Table] 1.0 GHz 2.0 Hz



- NFA 1

4 [Freaquency/Points] [Freq
Mode Sweep ] [Start Freg 1.0 GHz ]
[Stop Freq 2.0 GHz ] [Points 15 ] max
401

5 [Averaging/Bandwidth]
[Averaging On ] [JAverages 5 ] max 999
[Average Mode Point ] [Bandwidth 4

MHz ]
0 [Corr]
[ Input Cal] [Min RF Atten 0 dB ]

[Max RF Atten 20 dB ]
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NFA

v
NFA 28V OUTPUT

346

BNC

INPUT 50€2

Noise Source

(

INPUT 50Q

8 [Calibrate]

SNS Series
1173A )

SNS



- NFA 3

346A/B/C SNS
SNS

Calibration Setup with Normal Noise Source

Noise Source

i
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corr

OdB

NFA 4

0dB

Typical Graph after calibration is complete

25 Agilent | Frequency

Freq Mode,
Sweep

StartFreq
1. ARERRAAR SHz

2 AGEaaaae CHz

Stop Fraq'

Center Freqg
1.5RRO0ARMN CHz

-1.0848

49,90
Freq Span

.-':.':;_'r!l'.‘- 1.EEER8RE CHz

B 4 MHz Faints 15

Awas 5 Attt BA-- dB
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NFA S

Typical Tabulated Results after Calibration

25 Agilent

OUT Brplifier Svs Downconw OFF

NoiseFig dB | Gain dB

| Frequency

Freg Mode,
Sweep

Start Freqi
1.eaanann SHz

Stop Fraql
20006003 CHz

Center Freqk
1.50Ea0800 GHz

Freq Spanl
1.26EA0AAE CHz

Eivear Froas
Lt 1 1 i
e y
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NFA  50Q
DUT NFA 50Q

DUT 346A/B/C

Connecting the DUT to make a measurement

l

Lanl

.I—T-I-l-l--.!.]

DIl 25
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1

DUT
[Restart]
Typical Tabulated Results after Measurement
2 Agilent ‘ Frequency
DUT Amplifier  Sys Dosnconwe OFF AL Q:E[;GDF
| NoiseFig dB | Gain dB StartFreq
e 1A0EA0BA3 GHz
Stop Fraql

20606008 GHz

Center Freql
150080008 SHz

Freq Spanl
196800888 GHz
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2

[Format] [Graph]

Typical Graphical Results after Measurement

_;:: sl ‘ Fraq uency
OUT Amplifier Sys Downcony OFf Freq g:ﬁiaﬂb
StartFr eql
1 ERpappnGe GHz

Stop Freq
2BanaRRae GHz

Center Freql
1.500aBR0n GHz

Freq Spanl
1.B0BRBRAE GHz

= rcpam ald T pn g ol
Fi¥ed Fredq

More,
lof2

Foints 15
At B/ — dB
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10.4.2

IF

LO

LO

LO

LO

IF
IF

LO

LO

IF
IF
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346B 346C N4001A N4002A

346A N40OO0A
ENR

20dB
346A N4OOOA

Agilent noise sources

30dB

Model number

Connector type

Frequency range

ENR range (dB)

J46A Coaxial |0 MHz — 18 GHz 15-65
J4G6E Coaxial |0 MHz — 18 GHz 14— 16
3460 Coaxial |0 MHz — 26.5 GHz 12— 17
3AGC (K0T Coaxial | GHz — 50 GHz 6-—21
RI47E Waveguide 26,5 GHz — 40 GHz 10—13
Q347B Wavequide 33 GHz — 50 GHz G—13
MA0004 Coaxial 10 MHz — 12 GHz 4565
MA00T4A Coaxial 10 MHz — 12 GHz 14— 16
MA00Z4 Coaxial 10 MHz — 26.5 GHz 12— 17




60

LO

LO

GPIB
SCPI

DUT

Agilent

IF

+7dBm

NFA LO
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LO

LO

NFA

LO

NFA
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LO LO GPIB

NFA GPIB NFA LO GPIB
LO
NFA LO 10MHz
NFA LO
NFA SCP1 LO
LO GPIB [System]
[External LO] [LO Commands]
‘FREQ 10000000HZ’ LO 10MHz

‘POW 7DBM’ LO
NFA LO

‘OUTP:STAT:ON’ LO RF “ON’
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LO
= NFA

= LO

LO

DUT

NFA

LO

DUT

feedthrough

NFA

DUT
NFA

LO
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Amplitude

A
Fus!:u_ Fln
Mg

Fln i _F|S|]
mixing

Eroadhand noise

Frequency

L

MEL input
band

Sideband selection

LO

i

LSE input

LO

i >

LUEE input

DUT
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Moise
source

”

ARINIIRRIN IR EIN] [AIRIONE
NEINEEDEINIRD HIN] IRERINEE

Where filtering is needed

B

Local
ascillator

To
NFA



m DUT

DUT
m NFA
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IF LO IF LO LO IF

RF
DUT IF DUT LO

RF—{ DUT ——IF

IF RF
LO RF

IF RF
LO RF

LO

Terminology used at frequency ports
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IF
IF

LO
IF

LO

LO

RF

LO NFA IF LO
LO

IF LO DUT RF
RF NFA
NFA LO
IF
LO IF DUT IF
NFA IF
NFA IF
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RF LO

IF NFA
RF LSB USB LO
Amplitude
* Fush Fl.:.

MmN

Fl.:._ _Flsh
MEx1ng

EBroadband noise

Frequency

MEA input LSE input USE input
band

Sideband selection

o
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LO
NFA

NFA

NFA

1F

DSB double sideband
SSB single-sideband
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DSB SSB

DSB
. DSB
= DUT
m SSB

LO+IF LO-1IF

SSB
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SSB

SSB
. SSB
= DUT

DSB

SSB

NFA
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DUT

NFA

DUT
N8973A 3.0 GHz

LO
LO

NFA
NFA

IF

NFA

IF

IF



System Downconverter Mode
LO

346A/B/C ;

Calibration Setup

8ea,(9

aTmi=l -T-I-E

Moise Source

a]s]

SNS

SNS

Measurement Setup '\J : L SPIE I‘:IﬂDﬂl:lE
L ]

13
Lala & 0
ala a al
ta

MNoise Source
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LO IF
LO
LO GPIB
RF
DUT
SSB

NFA

Mixer

g

| I|:| Oooooof |
; 5||S9555S
= o o
Syt ]
; SR
soeeseg| 258, O
O g ¢ ©O 1| GPIB
\'H_.l" '\_rl""l
IF J
N
;
LO
Local oscillator g
RF
DUT 1] j—
Noise source
Calibration

Mixer nsed as system downconverter



LO IF

| Frec
|‘~JF£\|]|1|]UI LSBH]III USBHH?LII ’
LO=RF+I1F IF 10MHz
RF  200MHz~ 290MHz LO 210MHz~ 300MHz
RF LO
LD
& IF RF
211 300

I I I | I ! I I I -

10 100 200 2010 F{MHz)
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Amplitude

F 3
Fus!m_ |:Io
mixing

LO IF

Flul .F|S|J
mixing

Broadband noise Frequency

L™
Ll

L L L]

MEA input LSE input USE input
band

Sideband selection

LO=RF-IF IF 10MHz
RF  200MHz~ 290MHz  LO 190MHz~ 280MHz
RF LO

78

LO
$ IF RE
190 280
F 3 ‘ F
-1, 1
* i
I I I I I I T -
10 100 200 200 FiMHz)
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‘ Frequer

NFHW LSBU usa|]|nm h

LO=RF IF 10|\/|Hzi
RF 200MHz~ 290MHz  LO 200MHz~ 290MHz
RF LO
LO
$ IF r

T T } T { I T | =

10 100 200 2610 fiMHzi



IF LO
LO NFA

SSB

SSB
RF
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oo
Oooooo
O0oooo

GPIB

Sh I
ooooono

oog
aoc D
ooOo

=) * LR )
J

|EG'|
00000000

g

1]

|

_ IF \
Mixer "
LO
Local oscillator
RF Filter
SSB |~— DUT p—m[ [l
: MNoise source

Calibration

Mixer used as system downconverter with fixed LO and without GPIE control
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LO

DUT
DUT
SSB

LO

IF
NFA

DUT

IF

LO GPIB

RF

NFA



LO IF

346A/B/C

SNS
SNS

82

oooooooool |

o I o o o o

| o o o o
] e
OO0ooond
-
O
o o | o o o o

oOod
===l
OoOocono

£ a

Local oscillator |«

Downconverter mode measurement setup

Calibration

(1]

e—

Maise source



LO IF

MFA input LESE input USE input
band

Sideband selection

LO=RF+IF IF 10MHz
RF  200MHz~ 290MHz  LO 210MHz~ 300MHz
LO

|
200 240 fiMHz)



‘ Freq
NF-':\|]|1|]UI LSB|'—| USBHHLII ’
LO=RF-IF  IF 10MHz
RF 200MHz~ 290MHz  LO 190MHz~ 280MHz
RF LO
L0
s IF JHF
190 280
Th :{
10 mlu 200 I 200 | I f IIM Hz)
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Amplitude

A
Fus!m_ Fltl
mi<ing

LO IF

FlD_ _F|S|J
mixing
Eroadband noise Frequency
L%
L L i ==
MFA input LESE input USE input

band

Sideband selection

LO=RF  IF 10MHz
RF  200MHz~ 290MHz ~ LO 200MHz~ 290MHz
RF LO
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L0
' IF RF
&
o a
1 1 | 1 1 1 1 _I "
10 100 200 200 FiMHz)



IF LO

LO NFA GPIB
DUT
IF

DUT
SSB
346A/B/C
SNS
SNS

2

—\

Oooooo

OOoOgoono
OooOooOoo
0O

a— | [
ooooono

[ i i |
oog ()
ooog

ooooooooo|]

O op ogo

£ *- a0

—,

DUT
RF

L

Calibration

N

| ocal oscillator

Filter

Noise source

Downconverter mode fixed LO swept IF
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LO

DUT

SSB
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IF
NFA

DUT
IF

LO GPIB

LSB USB

RF

DUT



GPIB

..(-4

—

-
346A/B/C o T
g 2| 555553
SNS Il 5| Sene ool
SNS e
O “ P 00
LO IF ‘IF J
: =L ]p
IF L0 DUT Local oscillator
: ‘tRF Filter
. . SSB
Calibration

88 Upcomverter measurem

MNoise source

ent



- IF LO
m LO IF
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N8975A K40
K40 NFA
26 .5GHz 40GHz
K40 44 5GHz
LO
IF NFA
LO IF
LSB 28 34GHz
250MHZz
346C 1
50GHz R347B 26.5
40GHz

T,
] o]

poooooooo|]

==l = =[]

DDDDD

T

N8975A Opt K40 ;
=| Moise
REin  RFout =| source
] s
Filter
SSE (e DUT
". :
Calibration

MNEITHA as system downconverter
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LO

IF

LO=RF+I1F
SSE filt Jonse
|F HF[LE Bj - L0 i FI:UEE:I
A A A A A A A
— — —
-
10.5 16.5 28 34 445 a0 G HiGHz]

Frequency map



IF

DUT
4_.7/GHz 5.2GHz
11 IF
1GHz LSB

IF 1GHz
DUT NFA
bandpass

BP

DUT
SSB
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LO

LO

COooooo

ooooooooa|]

COooooo
COopgooo
=
e
ooooood

| o [
2.0
o o o |

GFIB

Local oscillator

-«

Calibration

B,

l—

Noise source

Variable LO and fixed IF with filtering
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IF LO

IF LO
LO=RF+IF

A -~ SSB filte

v P S ppg  Russ ' response P TFiuse

| g P ERSRER ok A A A A A

I .-.'lll.l.-...'lL L

> Rm—— B Sam—

L ]

| .
1.0 37 A2 47 5.2 5.7 62  fiGHz)

Frequency map



DUT

LO

SGHz  DUT

5.8GHz 6.3GHz 11

IF

USB

BP bandpass

SSB
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DUT

346B/N4001A

LO

IF

oooooooool |

COdooooo
COooooo
OO0 oooo
[
[
o o | o o

[ | |
===ie
OocoOono I

s

m[

0 G

DUT
RF

—

GFIB

Local oscillator

-«

Filter

A,

558

M|y

T’

Calibration

Noise source

Variable IF and fixed L0 with filtering
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Frequency map

» LO IF 1
LO IF
LO=RF+1F
" SSE filtar rwme
F RFise LO * RFye
A A A A A L Hhtly
o —— - o ——»
S
0.4 1.3 3.7 4.2 5.0 5.8 6.3 fiGHz)
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SNS

IF

N4AOOOA N4001A

LO



m 1/f
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