
8

 Cover Feature

Microwave Journal China  Jul/Aug 2013

HP

1

0V

 (1)

 

(2)

 (3)

0dB
6dB

-6dB

+1dB

+2.5dB

3dB

1

 
4

Phase Noise Measurements and System Comparisons

Ulrich L. Rohde Ajay K. Poddar  Anisha M. Apte Synergy Microwave

Cover Feature



10

 Cover Feature

Microwave Journal China  Jul/Aug 2013

-180dBc

1kHz -166dBc

1

2

3

4

5

6

7

8

 

60Hz

9

10

11

12

13

SOURCE
UNDER TEST

Vn rms

Vrms

S (fm)

PHASE
SHIFTER SCOPE

LPF
PHASE

DETECTOR

NARROW
BAND
LOOP 

WAVE ANALYZER
SPECTRUM ANALYZER
DIGITAL ANALYZER

REFERENCE
SOURCE

ISOLATION
AMPLIFIERS

ATTENUATOR

1. 

2. 8662A

SOURCE
UNDER TEST

SWITCHED IN FOR
CALIBRATION

10 MHz REFERENCE
(RESIDUAL NOISE TEST)
REFERENCE
SOURCE

HIGH-LEVEL
MIXER

3 MHz LPF

3437A
DVM

3044A

3582A
DIG. SPECTRUM ANALYZER

AUTOMATIC CALIBRATION
AUTOMATIC QUADRATURE SETTING

AUTOMATIC SPECTRUM
ANALYZER

DESKTOP COMPUTER

9825A

HP-IB

8662A
SYNTHESIZER

8662A
SYNTHESIZER

50 dB PAD HP-IB

+34 dB HP-IB

3. HP 3047A

SOURCE
UNDER TEST

5 MHz TO 18 GHz

HP 3047A

LOW 
NOISE AMP

PHASE
LOCKUSER-SUPPLIED

REFERENCE

The HP 3047A can be configured with an electronically-tunable, 
user-supplied reference source.
System noise floor is set by the noise of the reference source.

HP 3585A
SPECTRUM
ANALYZER

HP 3585A
SPECTRUM
ANALYZER

 4. 

TYPICAL HP 11740A AT 10 GHz
TYPICAL HP 3047A WITH HP 8662A 
AT 500 MHz
TYPICAL HP 3047A AT 1.6 GHz

–40

–60

–80

–100

–120

–140

–160

–180
10M1M100k10k1k100101

Typical noise floor limit of: (1) The HP 3047A
(actual noise floor will be set by user-supplied
reference);  (2) The HP 3047A with the HP 8662A 
as the reference source at  500 MH z; (3) The HP 11740A
at 10 GHz. 

 (f )( dBc/Hz) vs f (Hz)



12

 Cover Feature

Microwave Journal China  Jul/Aug 2013

2

8662A

100MHz

 

3 HP HP3074A

+23dBm HP

E5052A E5052B

1 -177dBc/Hz 4

-180dBc/Hz                                                   

2
0dBm

-174dBc -177dBc-NF

+20dBm 200dBc-NF

3. 

10MHz 2dB 100MHz 6dB

1000MHz 5dBm

1000MHz -172dBc/Hz

4

5

               

HP3047A

6 HP

Synergy HP

FFT

20

1. 

 
5

 
6

B=1Hz Noise Power= 4kT0 T=290K k

1.38 10-23 Noise Power=1.38 10-23= 4 10-23W

=-173.97dBm -174dBm

6. HP10811B 10MHz

FREQUENCY OFFSET

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

–110

–120

–130

–140

–150

–160

–170

1 MHz100 kHz10 kHz1 kHz100 Hz10 Hz

LoopBW

SPR OFF
TH 0dB

5. HP3047A

1.6 GHz to 18 GHz
5 MHz to 1.6 GHz

GOOD
QUALITY
SOURCE

HP 3047A

LOW 
NOISE AMP

PHASE
SHIFTER

AMP
UNDER

TEST

HP 3047A system sensitivity for two-port phase noise measurements

Measuring two-port phase noise on an amplifier with the  HP 3047A
 

HP 3585A
SPECTRUM ANALYZER

HP 3582A
SPECTRUM ANALYZER

10M1M100k10k1k100101.1

.02 Hz 40 MHz

–40

–60

–80

–100

–120

–140

–160

–180

  (f)  (dBc/Hz) vs f (Hz)



14

 Cover Feature

Microwave Journal China  Jul/Aug 2013

2. 

T

 
7

 

h=6.626 J/s

3. /

PN

RMS

 8
q P Idc

Z

4. 

1/f

1/f f

1/f

AF KF

 
9

AF 1~3

2 KF 1E-12~1E-6

5. 

NPN

6. 

7. 

10

L(fm), fm, f0, fc, QL, Q0, F, k, T, P0, R, K0 m

fm 1Hz dB

Q Q

Q

leeson

Q

F

11

FFT7. 

REF. SOURCE 1

REF. SOURCE 2

DUT

SPLITTER

PHASE
DETECTOR

(MIXER)

PHASE
DETECTOR

(MIXER)

DISPLAY
CROSS-

CORRELATION
OPERATOR

LNA

PLL

PLL

LNA

LPF

LPF

90°

90°



16

 Cover Feature

Microwave Journal China  Jul/Aug 2013

0~10dBm

RETURN IS THROUGH COLLECTOR
BYPASS CAPACITOR TO GROUND

SERIES INDUCTOR

Y1
TO

AGC AND
OUTPUT

Q2

Q1

C9

CB

L2 L3

L4

C5 C6

C7

C8
(CA)

Vcc

Vcc

11. 100MHz a
b c

–80.00

–100.00

–120.00

–140.00

–160.00

–180.00

4.00

3.00

2.00

1.00

0

1E07
1E06

1E05
1E04

1E03

FREQUENCY (Hz)

FREQUENCY (MHz)

0
100.00

200.00
300.00

400.00
500.00

600.00

1E02
1E01

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

O
U

T
P

U
T

 P
O

W
E

R
 (

m
W

)

(b)

(a)

(c)

9.  HP Rohde

– +

(a)

–60.00

–80.00

–100.00

–120.00

–140.00

–160.00

–180.00
1E071E061E051E041E03

FREQUENCY (Hz)

1E021E011E00

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

(b)

8. 4MHz a) b

P1
22ohm

10Kohm

33pF

1nF
10Koh

390pF

co
p

bfr193
_lib1

btp

390pF560ohm

–110.00

–120.00

–130.00

–140.00

–150.00

–160.00
1E071E061E051E041E03

FREQUENCY (Hz)
1E021E011E00

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

(a)

(b)

cryq

0.18pf
Q:0.8e6

Osc
Ptr

Osc
Ptr

c

e

+–

10. Driscoll a b



18

 Cover Feature

Microwave Journal China  Jul/Aug 2013

/

7

M

M

     12  
Nmeans

NDUT  N1, N2

1 2 M

1 2

20dB

Rohde & Schwarz

10dB

100

100 R&S FSUP

E5052B

4 6

1

2

3

4

1MHz~100GHz

1

2

Rohde & Schwarz

1dB

3

R&S -

PTU-BN49130

4 200MHz

13. 100MHz a  
b c

12. a  fmin b

4.25

4.00

3.75

3.50

3.25

3.00

FREQUENCY (MHz)

NF (dB)
 

0 50.00 100.00 150.00 200.00

(a) (b)

Fmin

Y
1

–100.00

–120.00

–140.00

–160.00

–180.00

15.00

10.00

5.00

0

–5.00

–10.00
400.00200.00

FREQUENCY (MHz)

FREQUENCY (Hz)

0

1E02

1

1

1E04 1E06

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

O
U

T
P

U
T

 P
O

W
E

R
 (d

B
m

)

(a)
(b)

(c)



20

 Cover Feature

Microwave Journal China  Jul/Aug 2013

AnaPico Holzworth

LNXO100 FSUP

-142dBc/Hz 100Hz

Holzworth -147dBc/

Hz R&S FSUP

5 1MHz

R&S 

FSUP -183dBc

-175dBc/Hz

Holzworth -179dBc/Hz

Holzworth

-190dBc/Hz

Wenzel Pascall

1/4

Rohde 1975

8a

8b

8a

Rohde

9

6

Michael Driscoll

10a

10b

10~100MHz

SC

AT

6~10dB

                           

100MHz

11 100MHz

11c

12a

12b  

50MHz

14. E5052B 100MHz

–60.0

–80.0

–100.0

–120.0

–140.0

–160.0

–180.0

–200.0

FREQUENCY OFFSET (Hz)

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

1 MHz10 kHz100 Hz1 Hz

15. FSUP 100MHz

1 MHz10 kHz100 Hz1 Hz

–60.0

–80.0

–100.0

–120.0

–140.0

–160.0

–180.0

–200.0

FREQUENCY OFFSET (Hz)

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

16. Holzworth 100MHz

1 MHz10 kHz100 Hz1 Hz

Holzworth  Instrumentation  HA7402A
LNXO100_SN38

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z) –60.0

–80.0
–100.0
–120.0
–140.0
–160.0
–180.0
–200.0

FREQUENCY OFFSET (Hz)

17 . AnaPico  100MHz

FREQUENCY OFFSET (Hz)

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z) –60

–80

–100

–120

–140

–160

–180

–200

20 CORRS 160 sec
1st CORRELATION 8sec 

Synergy LNX0100 #22 ext ref. 

AnaPico Signal Source Analyzer APPH6000

1 MHz10 kHz100 Hz1 Hz

FREQUENCY OFFSET (Hz)

–146 dBc/Hz at
100 Hz offset

1061041001

–80
–90

–100
–110
–120
–130
–140
–150
–160
–170
–180
–190

P
H

A
S

E
 N

O
IS

E
 (

dB
c/

H
z)

–183.3 dBc/Hz at
far-offset  

18. 100MHz



21

Cover Feature 

Microwave Journal China  Jul/Aug 2013 2221211MicMicMicMicMicMicMM rowrorowroowwowwowrro avaveveaveveveaveavavveeee Jo JJo JoJoJJ Jo J JJoJooJoJouuurnurnurnurnnrnurnnnnurnurnnnalaaal lal laalallalla hiChiChiCChiChiChiChihiChChiChCChChiChChiChiChiiChiCChiChCCChiChChiCC nnananana naanna annana annana naannnna  JulJulJulJulJulJululJJulJJulJulJuluuJululluu /A/A/A/AAA/A/Au/AuAu/Au/AuAu/AAAu/Auu/ g 2g 2g 2g g g 20130101000000

100MHz

13a

13b 13c

14~ 17

Rohde&Schwarz

Holzworth AnaPico

100MHz

1

 www.mwjournal.com/synergyappendix

100MHz -146dBm/Hz

-183.3dBc/Hz

18 FSUP

Holzworth

AnaPico

Holzworth

3~4 5

1

3dB

LNXO100

=Pout (dBm) 
+177 (dB) NF

14+177-7.7=183.3dBc/Hz

-183.3dBc/Hz

100MHz

20dBm

-190dBc/Hz

KT KT


