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Documentation Warranty 

THE MATERIAL CONTAINED IN THIS DOCUMENT IS PROVIDED "AS IS," AND IS SUBJECT TO BEING CHANGED, 
WITHOUT NOTICE, IN FUTURE EDITIONS. FURTHER, TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE 
LAW, KEYSIGHT DISCLAIMS ALL WARRANTIES, EITHER EXPRESS OR IMPLIED WITH REGARD TO THIS 
MANUAL AND ANY INFORMATION CONTAINED HEREIN, INCLUDING BUT NOT LIMITED TO THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND  FITNESS FOR A PARTICULAR PURPOSE. KEYSIGHT SHALL NOT BE 
LIABLE FOR ERRORS OR FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH THE 
FURNISHING, USE, OR PERFORMANCE OF THIS DOCUMENT OR ANY INFORMATION CONTAINED HEREIN. 
SHOULD KEYSIGHT AND THE USER HAVE A SEPARATE WRITTEN AGREEMENT WITH WARRANTY TERMS 
COVERING THE MATERIAL IN THIS DOCUMENT THAT CONFLICT WITH THESE TERMS, THE WARRANTY 
TERMS IN THE SEPARATE AGREEMENT WILL CONTROL. 

 

U.S. Government Rights 

U.S. Government Rights. The Software is ©commercial computer software,· as defined by Federal Acquisition 

Regulation (©FAR·) 2.101. Pursuant to FAR 12.212 and 27.405-3 and Department of Defense FAR Supplement 

(©DFARS·) 227.7202, the U.S. government acquires commercial computer software under the same terms by 

which the software is customarily provided to the public. Accordingly, Keysight provides the Software to U.S. 

government customers under its standard commercial license, which is embodied in its End User License 

Agreement (EULA), a copy of which can be found at http://www.keysight.com/find/sweula. The license set forth in the 

EULA represents the exclusive authority by which the U.S. government may use, modify, distribute, or disclose 

the Software. The EULA and the license set forth therein, does not require or permit, among other things, that 

Keysight: (1) Furnish technical information related to commercial computer software or commercial computer 

software documentation that is not customarily provided to the public; or (2) Relinquish to, or otherwise provide, 

the  government rights in excess of these rights customarily provided to the public to use, modify, reproduce, 

release, perform, display, or disclose commercial computer software or commercial computer software 

documentation. No additional government requirements beyond those set forth in the EULA shall apply, except 

to the extent that those terms, rights, or licenses are explicitly required from all providers of commercial 

computer software pursuant to the FAR and the DFARS and are set forth specifically in writing elsewhere in the 

EULA. Keysight shall be under no obligation to update, revise or otherwise modify the Software.  With respect to 

any technical data as defined by FAR 2.101, pursuant to FAR 12.211 and 27.404.2 and DFARS 227.7102, the 

U.S. government acquires no greater than Limited Rights as defined in FAR 27.401 or DFAR 227.7103-5 (c), as 

applicable in any technical data. 

 

  

http://www.keysight.com/find/sweula
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This is a complete list of the technical specifications for the N5221B and N5222B PNA Series network analyzers 

with the following options: 

2-Port Model 

Option 210 -  2-port, single source, with metrology configuration 

4-Port Model 

Option 410 -  4-port, dual source, with metrology configuration. 

See block diagrams on page 39. 

Notes 

This document provides technical specifications for the 85052B, N4691B and N4433A calibration kits. 

Please download our free Uncertainty Calculator from http://www. keysight.com/find/na_calculator  to generate 

the curves for your calibration kit and PNA setup. 

For all tables in this data sheet, the specified performance at the exact frequency of a break is the degraded 

value of the two specifications at that frequency. 

Definitions 

All specifications and characteristics apply over a 25 °C ±5 °C range (unless otherwise stated) and 90 minutes 

after the instrument has been turned on. 

Specification (spec.): Warranted performance. Specifications include guardbands to account for the expected 

statistical performance distribution, measurement uncertainties, and changes in performance due to 

environmental conditions. 

Characteristic (char.): A performance parameter that the product is expected to meet before it leaves the 

factory, but that is not verified in the field and is not covered by the product warranty. A characteristic includes 

the same guardbands as a specification. 

Typical (typ.): Expected performance of an average unit which does not include guardbands. It is not covered by 

the product warranty. 

Nominal (nom.): A general, descriptive term that does not imply a level of performance. It is not covered by the 

product warranty. 

Supplemental performance data (SPD): Represents the value of a parameter that is most likely to occur; the 

expected mean or average. 

Calibration: The process of measuring known standards to characterize a network analyzer's systematic 

(repeatable) errors. 

Corrected (residual): Indicates performance after error correction (calibration). It is determined by the quality of 

calibration standards and how well "known" they are, plus system repeatability, stability, and noise. 

Uncorrected (raw): Indicates instrument performance without error correction. The uncorrected performance 

affects the stability of a calibration. 

Standard: When referring to the analyzer, this includes no options unless noted otherwise. 

 

  

http://www.keysight.com/find/na_calculator
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Corrected System Performance 

The specifications in this section apply for measurements made with the N5221B and N5222B PNA network 

analyzers with the following conditions: 

Á 10 Hz IF bandwidth 

Á No averaging applied to data 

Á Isolation calibration with an averaging factor of 8 

System Dynamic Range and Receiver Dynamic Range 

Á System Dynamic Range is defined as the specified source maximum output power (spec) minus the noise 

floor (spec).  

Á Extended Dynamic Range at Direct Access Input is defined as the specified source maximum output power 

(spec) minus the direct receiver access input noise floor (spec). 

Á Receiver Dynamic Range is defined as the test port compression at 0.1 dB (typical) minus the noise floor 

(typical). 

 

 The effective dynamic range must take measurement uncertainties and interfering 

signals into account. This set-up should only be used when the receiver input will 

never exceed its maximum receiver input. When the analyzer is in segment sweep 

mode, it can have predefined frequency segments which will output a higher power 

level when the extended dynamic range is required (i.e. devices with high insertion 

loss), and reduced power when the maximum receiver input level will occur (i.e. 

devices with low insertion loss). The extended range is only available in one-path 

transmission measurements. 

It may typically be degraded at particular frequencies below 500 MHz due to spurious 

receiver residuals. 
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Table 1a. System Dynamic Range and Receiver Dynamic Range, N5221B, Option 210, 410 

Description Specification Typical 

 

System 

Dynamic 

Range  (dB) 

(A)-(B) 

Max 

Leveled 

Output 

Power 

(dBm) 

(A) 

Test Port 

Noise Floor 

(dBm) 

(B) 

System 

Dynamic 

Range  (dB) 

Receiver 

Dynamic 

Range (dB) 

(C)-(D) 

0.1 dB 

Compressi

on at Test 

Port (dBm) 

(C) 

Test Port 

Noise Floor 

(dBm) 

(D) 

10 MHz to 50 MHz 88 6 -82 102 103 15 -88 

50 MHz to 100 MHz 102 7 -95 117 118 15 -103 

100 MHz to 500 MHz 112 7 -105 124 122 12 -110 

500 MHz to 2 GHz 121 7 -114 132 130 12 -118 

2 GHz to 3.2 GHz 121 7 -114 133 131 12 -119 

3.2 GHz to 13.5 GHz 121 7 -114 135 131 12 -119 

 

Table 1b. System Dynamic Range and Receiver Dynamic Range, N5222B, Option 210, 410 

Description Specification Typical 

 

System 

Dynamic 

Range  (dB) 

(A)-(B) 

Max 

Leveled 

Output 

Power 

(dBm) 

(A) 

Test Port 

Noise Floor 

(dBm) 

(B) 

System 

Dynamic 

Range  (dB) 

Receiver 

Dynamic 

Range (dB) 

(C)-(D) 

0.1 dB 

Compressi

on at Test 

Port (dBm) 

(C) 

Test Port 

Noise Floor 

(dBm) 

(D) 

10 MHz to 50 MHz 88 6 -82 102 103 15 -88 

50 MHz to 100 MHz 102 7 -95 117 118 15 -103 

100 MHz to 500 MHz 112 7 -105 124 122 12 -110 

500 MHz to 2 GHz 121 7 -114 132 130 12 -118 

2 GHz to 3.2 GHz 121 7 -114 133 131 12 -119 

3.2 GHz to 13.5 GHz 121 7 -114 135 131 12 -119 

13.5 GHz to 20 GHz 121 7 -114 134 132 12 -120 

20 GHz to 24 GHz 118 7 -111 130 128 10 -118 

24 GHz to 26.5 GHz 108 1 -107 124 126 10 -116 
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Corrected System Performance, Option 210, 410  

For any Sii reflection measurement: 

¶ Sjj = 0.  

For any Sij transmission measurement:  

¶ Sji = Sij when Sij ŗ 1 

¶ Sji = 1/Sij when Sij > 1 

¶ Skk = 0 for all k 

Applies to the N5221B/2A Option 210 or 410 analyzers, 85131F flexible test port cable set, and a full 2-port 

calibration. Also applies to the following condition: 

Environmental temperature 23° ±3 °C, with < 1 °C deviation from calibration temperature 

Table 2a. N5221B and N5222B with 85052B Calibration Kit -  Specification 

Description Specification (dB) 

  
10 MHz to 

50 MHz 

50 MHz to 

500 MHz 

500 MHz 

to 2 GHz 

2 GHz to 

13.5 GHz 

13.5 GHz 

to 20 GHz 

20 GHz to 

26.5 GHz 

Directivity 48 48 48 44 44 44 

Source Match 40 40 40 31 31 31 

Load Match 48 48 48 44 44 44 

Reflection Tracking 

   Mag 0.003 0.003 0.003 0.006 0.006 0.006 

  Phase 0.020 0.020 0.020 0.040 0.040 0.040 

Transmission Tracking 

   Mag 0.006 0.006 0.007 0.046 0.058 0.095 

  Phase 0.043 0.038 0.049 0.306 0.385 0.626 
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Transmission Uncertainty  

 

Reflection Uncertainty  
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Table 2b. N5221B and N5222B with N4691B 2-Port Electronic Calibration Module 

Description Specification (dB) 

  
10 MHz to 

50 MHz 

50 MHz to 

500 MHz 

500 MHz 

to 2 GHz 

2 GHz to 

13.5 GHz 

13.5 GHz 

to 20 GHz 

20 GHz to 

26.5 GHz 

Directivity 41 46 56 48 48 44 

Source Match 36 41 47 44 44 40 

Load Match 36 41 47 43 43 39 

Reflection Tracking 

   Mag 0.060 0.050 0.020 0.040 0.040 0.050 

  Phase 0.396 0.330 0.132 0.264 0.264 0.330 

Transmission Tracking 

   Mag 0.065 0.052 0.021 0.045 0.047 0.067 

  Phase 0.428 0.344 0.138 0.300 0.309 0.444 

Transmission Uncertainty 
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Reflection Uncertainty  

 

Table 2c. N5221B and N5222B with N4433A 4-Port Electronic Calibration Module 

 Uncertainty curves for the N4433A are created using a 2-port calibration. Multiport 

uncertainties are not supported at this time. 

Description Specification (dB) 

  
10 MHz to 

50 MHz 

50 MHz to 

500 MHz 

500 MHz to  

2 GHz 

2 GHz to 

13.5 GHz 

13.5 GHz to 

20 GHz 

Directivity 45 52 52 45 45 

Source Match 36 42 42 37 31 

Load Match 36 42 42 36 30 

Reflection Tracking 

   Mag 0.100 0.060 0.060 0.100 0.180 

  Phase 0.660 0.396 0.396 0.660 1.188 

Transmission Tracking 

   Mag 0.103 0.061 0.061 0.108 0.190 

  Phase 0.680 0.403 0.405 0.710 1.251 
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Transmission Uncertainty 

 

Reflection Uncertainty  
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Uncorrected System Performance 

Specifications apply to following conditions: 

¶ Cable loss not included in Transmission Tracking. 

¶ Crosstalk measurement conditions: normalized to a thru, measured with shorts on all ports, 10 Hz IF 

bandwidth, averaging factor of 8, alternate mode, source power set to the specified maximum power. 

Table 3a. Error Terms (dB), All Ports, Option 210, 410 -  Specifications 

Description Directivity 
Source 

Match 
Load Match 

Transmission 

Tracking 

Reflection 

Tracking 
Crosstalk 

10 MHz to 50 MHz 16 31 24 -- -- -- 

50 MHz to 500 MHz 24 28 26 -- -- -- 

500 MHz to 3.2 GHz 24 25 24 -- -- -- 

3.2 GHz to 8 GHz 23 23 21 -- -- -- 

8 GHz to 10 GHz 23 18 17 -- -- -- 

10 GHz to 13.5 GHz 16 17 16 -- -- -- 

13.5 GHz to 16 GHz 16 17 15 -- -- -- 

16 GHz to 20 GHz 16 15 14 -- -- -- 

20 GHz to 24 GHz 16 12 12 -- -- -- 

24 GHz to 26.5 GHz 16 10 10 -- -- -- 

  



14 

 

Table 3b. Error Terms (dB), All Ports, Option 210, 410 -  Typical 

Description Directivity 
Source 

Match 
Load Match 

Transmission 

Tracking 

Reflection 

Tracking 
Crosstalk 

10 MHz to 50 MHz 23 37 28 +/- 1.5 +/- 1.5 -84 

50 MHz to 100 MHz 29 33 32 +/- 1.5 +/- 1.5 -90 

100 MHz to 500 MHz 29 33 32 +/- 1.5 +/- 1.5 -110 

500 MHz to 3.2 GHz 31 30 29 +/- 1.5 +/- 1.5 -120 

3.2 GHz to 8 GHz 25 27 24 +/- 1.5 +/- 1.5 -122 

8 GHz to 10 GHz 25 23 22 +/- 1.5 +/- 1.5 -122 

10 GHz to 13.5 GHz 21 22 21 +/- 1.5 +/- 1.5 -122 

13.5 GHz to 16 GHz 20 21 20 +/- 1.5 +/- 1.5 -122 

16 GHz to 20 GHz 20 19 18 +/- 1.5 +/- 1.5 -122 

20 GHz to 24 GHz 19 17 17 +/- 1.5 +/- 1.5 -117 

24 GHz to 26.5 GHz 20 15 15 +/- 1.5 +/- 1.5 -114 

Test Port Output 

See Block diagrams on page 39. 

Table 4. Frequency Information, Option 210, 410 

Description Specification Typical 

N5221B Frequency Range 10 MHz to 13.5 GHz -- 

N5222B Frequency Range 10 MHz to 26.5 GHz -- 

Frequency Resolution 1 Hz -- 

Frequency  Accuracy +/- 0.7 ppm -- 

Initial Frequency Accuracy1 ±0.2 ppm ±0.1 ppm 

Frequency Stability -- 
+/-0.05 ppm, -10° to 70° C2 

+/-0.5 ppm (first year)3 

 

 

 

 

 

 

+/-0.1 ppm/yr maximum2 

1 Verified after Factory Frequency Reference adjustment, or after adjustment at a Keysight Service Center. 

2 Assumes no variation in time. 
3 Assumes no variation in temperature. 
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Table 5. Maximum Leveled Power (dBm), Option 210, 410 

 Description Specification Typical 

 Port 1, Port 3 Port 2, Port 4 Port 1, Port 3 Port 2, Port 4 

10 MHz to 50 MHz 6 6 14 11 

50 MHz to 500 MHz 7 7 14 12 

500 MHz to 1 GHz 7 7 14 14 

1 GHz to 3.2 GHz 7 7 13 14 

3.2 GHz to 10 GHz 7 7 16 15 

10 GHz to 13.5 GHz 7 7 16 13 

13.5 GHz to 16 GHz 7 7 14 12 

16 GHz to 20 GHz 7 6 14 10 

20 GHz to 24 GHz 7 4 12 8 

24 GHz to 26.5 GHz 1 -1 8 5 

Table 6. Power Level Accuracy (dB), Option 210, 410 

Description Specification Typical 

10 MHz to 50 MHz +/- 1.5 +/- 0.5 

50 MHz to 500 MHz +/- 1.0 +/- 0.2 

500 MHz to 3.2 GHz +/- 1.0 +/- 0.1 

3.2 GHz to 10 GHz +/- 1.0 +/- 0.2 

10 GHz to 13.5 GHz +/- 1.2 +/- 0.2 

13.5 GHz to 18 GHz +/- 2.0 +/- 0.3 

18 GHz to 26.5 GHz +/- 2.5 +/- 0.4 

Table 7a. Power Level Linearity (dB) 

Option 210, 410 -  Specification 

 Description 
Port 1 or 31 

-25dBm ŗ P<-20dBm 

Port 1 or 31 

-20dBm ŗ P<-15dBm 

Port 1 or 31 

P Ř-15dBm 

10 MHz to 50 MHz +/-2.0 +/-1.5 +/-1.5 

50 MHz to 26.5 GHz +/-1.5 +/-1.5 +/-1.5 

1 Either port can be used as the source port.  
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Table 7b. Power Level Linearity (dB) 

Option 210, 410 -  Specification 

Description 
Port 2 or 41 

-25dBm ŗ P<-20dBm 

Port 2 or 41 

-20dBm ŗ P<-15dBm 

Port 2 or 41 

P Ř-15dBm 

10 MHz to 50 MHz +/-2.5 +/-1.5 +/-1.5 

50 MHz to 500 MHz +/-2.0 +/-1.5 +/-1.5 

500 MHz to 26.5 GHz +/-1.5 +/-1.5 +/-1.5 

1 Either port can be used as the source port.  

Table 8. Power Sweep Range (dB), Option 210, 410 

 Description Specification Typical 

 Port 1, Port 3 Port 2, Port 4 Port 1, Port 3 Port 2, Port 4 

10 MHz to 50 MHz 31 31 41 38 

50 MHz to 500 MHz 32 32 41 39 

500 MHz to 1 GHz 32 32 41 41 

1 GHz to 3.2 GHz 32 32 40 41 

3.2 GHz to 10 GHz 32 32 43 42 

10 GHz to 13.5 GHz 32 32 43 40 

13.5 GHz to 16 GHz 32 32 41 39 

16 GHz to 20 GHz 32 31 41 37 

20 GHz to 24 GHz 32 29 39 35 

24 GHz to 26.5 GHz 26 24 35 32 

Table 9. Nominal (Preset) Power (dBm) 

 Description Option 210, 410 

Preset Power -5 
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Table 10. Power Resolution and Maximum/Minimum Settable Power 

Option 210, 410 

Description Specification (dB) Typical (dBm) 

Power Resolution 0.01 -- 

Maximum Settable Power -- 30 

Minimum Settable Power -- -30 

Table 11. 2nd and 3rd Harmonics at Max Specified Power (dBc) 

Option 210, 410 

Listed frequency is fundamental frequency; test at max specified power. 

Description 2nd Harmonic  3rd Harmonic  

10 MHz to 50 MHz -16 -15 

50 MHz to 2 GHz -23 -17 

2 GHz to 8.85 GHz -17 -19 

8.85 GHz to 13.25 GHz -17 -- 

Table 12. Non-Harmonic Spurs at Nominal Power (dBc),  

Listed frequency is Source CW frequency, tested at 0 dBm. 

 Description Non-Harmonic ±600 MHz Tracking Spur 

10 MHz to 1 GHz -80 -80 

1 GHz to 10 GHz -85 -81 

10 GHz to 20 GHz -82 -75 

20 GHz to 26.5 GHz -80 -70 
1 Non-harmonic spurs are negligible with Option 425 installed and LFE enabled. 
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Tracking Spurs (Linear Frequency Scale) 

 

 

Tracking Spurs (Logarithmic Frequency Scale) 
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Table 13a. Phase Noise (dBc/Hz), Option 210, 410, with UNY, Port 1, 3 -  Typical 

 CW Frequency 
100 Hz 

Offset 
1 kHz Offset 10 kHz Offset 

100 kHz 

Offset 
1 MHz Offset 

10 MHz 

Offset 

1 GHz -112 -132 -137 -143 -145 -144 

5 GHz -103 -123 -132 -135 -147 -150 

10 GHz -96 -116 -126 -130 -142 -146 

20 GHz  -91 -111 -118 -123 -135 -139 

26.5 GHz -87 -106 -115 -121 -131 -135 

  

Table 13b. Phase Noise (dBc/Hz), Option 210, 410, with UNY, Port 2, 4 -  Typical 

 CW Frequency 
100 Hz 

Offset 
1 kHz Offset 10 kHz Offset 

100 kHz 

Offset 
1 MHz Offset 

10 MHz 

Offset 

1 GHz -111 -121 -132 -145 -149 -149 

5 GHz -103 -122 -128 -134 -145 -149 

10 GHz -96 -112 -120 -127 -140 -147 

20 GHz  -90 -108 -116 -123 -134 -139 

26.5 GHz -86 -106 -114 -121 -131 -135 
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Phase Noise with Option UNY 

 

 

Table 13c. Phase Noise (dBc/Hz), Option 210, 410, without UNY, All Ports -  Typical 

 CW Frequency 
100 Hz 

Offset 
1 kHz Offset 10 kHz Offset 

100 kHz 

Offset 
1 MHz Offset 

10 MHz 

Offset 

1 GHz -94 -116 -130 -141 -145 -146 

5 GHz -83 -106 -119 -128 -139 -147 

10 GHz -78 -100 -113 -122 -133 -142 

20 GHz  -72 -94 -107 -116 -127 -135 

26.5 GHz -67 -90 -104 -114 -124 -132 
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