
• Control ECal directly from the PNA or ENA Series
VNAs

• 300 kHz to 9 GHz module 

• 1 GHz to 26.5 GHz module 

• Six connector types available

• Ideal calibration technique for manufacturing

• Mixed connectors available 
(Type-N 50 ohm, 3.5 mm and 7-16)     

Agilent Electronic Calibration
(ECal) Modules for Vector
Network Analyzers
85060 series, 2-port microwave ECal
85090 series, 2-port RF ECal
N4431A, 4-port RF ECal

Product Overview
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Introduction
Electronic calibration (ECal) is a
precision, single-connection,
one-, two-, three-, or four-port
calibration technique for your
vector network analyzer. ECal
modules use fully traceable and
verifiable electronic impedance
standards. The modules are
state-of-the-art, solid-state
devices with programmable and
highly repeatable impedance
states. ECal modules are transfer
standards that provide consis-
tent calibrations and eliminate
operator errors while bringing
convenience and simplicity to
your calibration routine.
Consistent calibrations provide
consistent measurements.

ECal replaces the traditional 
calibration technique, which
uses mechanical standards. With
mechanical standards you are
required to make numerous 
connections to the test ports 
for a single calibration. These
traditional calibrations require
intensive operator interaction,
which is prone to error. With
ECal, a full one- to four-port 
calibration can be accomplished
with a single connection to the
ECal module and minimal 
operator interaction. This results
in faster and more repeatable
calibrations. 

Mixed connector options are 
available for the 85092C,
85093C, 85098C, and N4431A.
The available connectors are
Type-N 50 ohms, 3.5 mm and 
7-16. 

Accurate transfer
standards 
The ECal modules are transfer 
standards capable of transferring
the factory calibration accuracy to
your network analyzer. They are
characterized by Agilent using a
precision calibration technique
(similar in accuracy to TRL) that
is traceable to the National
Institute of Standards and
Technology (NIST). Each calibra-
tion module’s unique S-parameter
data is stored in the module’s
memory. During calibration, ECal
uses this data to calculate the
error terms for your network 
analyzer. All measurements on
either insertable or non-insertable
devices are traceable to NIST.

Faster calibration
with a single
connection
Unlike the traditional mechanical
technique, ECal only requires
one connection to perform a full
one- to four-port calibration
from the calibration module to
the test ports.

By reducing the number of 
connections required for a 
calibration, you can
• calibrate faster, so you save 

time and make measurements 
sooner

• reduce the chance of operator 
error, for greater confidence in
your calibrations

• reduce the wear on connectors,
for lower repair costs on both 
the test port connectors and 
calibration standards

Network analyzer
compatibility
The 85090 family of RF ECal
modules provides calibration
across the complete frequency
range of the RF PNA series, ENA
series, and the 8753E/ES/ET
vector network analyzers. The
85060 family of microwave ECal
modules provides calibrations
through 26.5 GHz for the
8719/20/22/D/ES/ET vector 
network analyzers. The N4431A 
four-port ECal module provides
calibration for the ENA series
and in mid-2002 will support the
N338x series of three-port PNAs.

1. Analyzer firmware control available with firmware rev. 7.68.
2. RF PNA series consists of the E8356/7/8A, E8801/2/3A and N3381/2/3A.
3. N4431A will support N3381/2/3A PNAs starting with firmware revision 2.5 around mid 2002.
4. ENA series consists of E5070/1B.

Agilent VNA ECal module 85097B
model number model number Required

8753E/ES/ET1 85090 series Y

RF PNA series2,3 85090 Series N

8719D/ES/ET1 85060 Series Y

8720D/ES/ET1 85060 series Y

8722D/ES/ET1 85060 series Y

ENA series4 N4431A N

ECal and network analyzer/firmware compatibility
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ECal and Agilent 
network analyzer
configurations
PNA and ENA series1

ECal modules are controlled 
directly from the PNA and ENA
series network analyzers. No
external PC is required. Simply
connect the ECal module to the
USB port on the network analyz-
er. You can control your calibra-
tion from the front panel keys of
the PNA series or automatically
by your user program.

8719, 8720, 8722 and 8753
product families 

ECal modules are controlled 
manually or automatically via
the 85097B interface module.
The 85097B consists of an inter-
face module and a power supply.

The interface module is the
interface between the parallel
port on your VNA, the parallel
port of the ECal module and the
external power supply. 

Firmware revisions of 7.68 or 
higher in the 8753 and 8720 
families allow for VNA control of
ECal modules. The 85097B 
interface module, with the 
analyzer’s internal firmware 
control, provides digital control
and supplies power to one or 
two ECal modules. Calibration 
control is available via the front
panel keys or from a user 
program.

Calibration configuration using the PNA series

Parallel port
connection

Network analyzer

VNA interface
unit

to AC power

Optional
ECal module

ECal module

VNA interface
power supply

Calibration configuration using the 85097B ECal module

1. RF PNA series consists of the E8356/7/8A, E8801/2/3A and N3381/2/3A.
ENA series consists of E5070/1B.
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Simple 
non-insertable 
calibrations
Most common RF and
microwave components have
non-insertable connectors; for
example, devices with female
connectors on both ports. These
devices require an adapter
removal calibration, which adds
an uncertainty factor to the
measurement. Most modern 
vector network analyzers use an
adapter removal technique,
which compensates for adapter-
caused errors. 

The simplest and fastest non-
insertable calibration method
uses an ECal module with 
connectors that match your
device, and the same calibration
method as insertable devices.
Simply order your ECal module
with connectors that match your
device under test: 

• Option 00M, male connectors 
on both ports

• Option 00F, female connectors
on both ports. 

• Option M0F with one male 
and one female connector.

Perform adapter removal 
calibrations faster
Some analyzers, such as later 
versions of the 8753 and 8720,
offer adapter removal calibration
for non-insertable and mixed
connector measurement capabil-
ity. Since this method requires
two full two-port calibrations, it
is often time consuming and
prone to operator errors. Using
ECal to perform the two-port
calibrations addresses both of
these concerns by reducing the
calibration time and the number
of connections, simplifying the
overall adapter removal process.

Test set

ECal module
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1. When mated with male connectors with a 0.77 mm (0.030 in) to 0.86 mm (0.034 in) pin diameter
2. Typical values when mated with male connectors with a 0.56 mm (0.022 in) to 1.07 mm (0.042 in) pin diameter

Power limits

Maximum input power + 20 dBm
Minimum input power –45 dBm

Electrical typical corrected performance
(Residual e-terms)

2-port ECal modules

Type-F

85099C (RF)1

Frequency range 300 kHz to 300 MHz 300 MHz to 1 GHz 1 to 3 GHz

Directivity (dB) 50 48 43

Source match (dB) 48 45 38

Reflection tracking (±dB) 0.03 0.07 0.15

Transmission tracking (±dB) 0.08 0.10 0.17

Load match (dB) 43 41 39

85099C (RF)2

Frequency range 300 kHz to 300 MHz 300 MHz to 1 GHz 1 to 3 GHz

Directivity (dB) 48 43 32

Source match (dB) 46 41 26

Reflection tracking (±dB) 0.06 0.09 0.35

Transmission tracking (±dB) 0.08 0.12 0.35

Load match (dB) 43 40 29
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Type-N (50 ohms)

85092C (RF)
Frequency range 300 kHz to 1 GHz 1 to 3 GHz 3  to 6 GHz 6 to 9 GHz       

Directivity (dB) 52 54 52 47

Source match (dB) 45 44 41 36

Reflection tracking (±dB) 0.04 0.04 0.06 0.07

Transmission tracking (±dB) 0.04 0.04 0.07 0.14

Load match (dB) 47 47 44 39

85064B (microwave)

Frequency range  1 to 2 GHz 2 to 8 GHz 8 to 18 GHz       

Directivity (dB) 50 49 46

Source match (dB) 46 45 40 

Reflection tracking (±dB) 0.034 0.046 0.065

Transmission tracking (±dB) 0.043 0.050 0.14

Load match (dB) 46 44 40

Option 001 Add RF ECal module See 85092C
(300 kHz to 9 GHz) specifications 

3.5 mm1

85093C (RF)
Frequency range 300 kHz to 1 GHz 1 to 3 GHz 3 to 6 GHz 6 to 9 GHz       

Directivity (dB) 52 52 50.5 47

Source match (dB) 44 44 39 34

Reflection tracking (±dB) 0.03 0.03 0.05 0.07

Transmission tracking (±dB) 0.04 0.05 0.07 0.12

Load match (dB) 47 47 44 40

1. 3.5 mm modules have precision slotless connectors that guarantee the best calibration accuracy is transferred to your system. 

Type-N (75 ohms)

85096C (RF)
Frequency range 300 kHz to 300 MHz 300 MHz to 1 GHz 1 to 3 GHz

Directivity (dB) 50 48 43

Source match (dB) 48 45 38

Reflection tracking (±dB) 0.03 0.06 0.10

Transmission tracking (±dB) 0.08 0.09 0.16

Load match (dB) 43 41 39
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3.5 mm1 (continued)

85062B (microwave)
Frequency range 1 to 2 GHz 2 to 8 GHz 8 to 20 GHz  20 to 26.5 GHz     

Directivity (dB) 48 49 46 44

Source match (dB) 45 43 40 37

Reflection tracking (±dB) 0.041 0.041 0.064 0.088

Transmission tracking (±dB) 0.048 0.068 0.13 0.17

Load match (dB) 45 43 40 38

Option 001 Add RF ECal module See 85093C
(300 kHz to 9 GHz) specifications 

7 mm

85091C (RF)
Frequency range 300 kHz to 1 GHz 1 to 3 GHz 3 to 6 GHz 6 to 9 GHz  

Directivity (dB) 52 56 55 45

Source match (dB) 45 44 41 34

Reflection tracking (±dB) 0.04 0.04 0.07 0.1

Transmission tracking (±dB) 0.060 0.06 0.130 0.23

Load match (dB) 47 47 46 39

85060B (microwave)
Frequency range (GHz) 1 to 2 GHz 2 to 8 GHz 8 to 18 GHz      

Directivity (dB) 50 49 46

Source match (dB) 46 45 40 

Reflection tracking (±dB) 0.032 0.046 0.065

Transmission tracking (±dB) 0.043 0.050 0.14

Load match (dB) 46 44 40

Option 001 Add RF ECal module See 85091C
(300 kHz to 9 GHz) specifications 

1. 3.5 mm modules have precision slotless connectors that guarantee the best calibration accuracy is transferred to your system. 

7-16 

85098C (RF)
Frequency range 300 kHz to 1 GHz 1 to 3 GHz 3 to 6 GHz 6 to 7.5 GHz

Directivity (dB) 47 50 46 45

Source match (dB) 43 43 38 37

Reflection tracking (±dB) 0.03 0.03 0.05 0.06

Transmission tracking (±dB) 0.05 0.06 0.08 0.10

Load match (dB) 42 43 41 38
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4-port modules

Type-N 50 ohm

N4431A (RF), option 020
Frequency range 300 kHz to 1 GHz 1 to 3 GHz 3 to 6 GHz 6 to 8 GHz 8 to 9 GHz

Thru paths AB, CD, AD, BC

Directivity (dB) 55 52 47 44 42

Source match (dB) 47 43 42 40 39

Reflection tracking (dB) ±0.03 ±0.04 ±0.04 ±0.05 ±0.06

Transmission tracking (dB) ±0.07 ±0.1 ±0.14 ±0.2 ±0.22

Load match (dB) 47 45 40 38 35

Thru paths AC, BD

Directivity (dB) 55 52 47 44 42

Source match (dB) 47 43 42 40 39

Reflection tracking (dB) ±0.03 ±0.04 ±0.04 ±0.05 ±0.06

Transmission tracking (dB) ±0.07 ±0.09 ±0.13 ±0.15 ±0.16

Load match (dB) 47 45 40 38 36

3.5 mm

N4431A (RF), option 010
Frequency range 300 kHz to 1 GHz 1 to 3 GHz 3 to 6 GHz 6 to 8 GHz 8 to 9 GHz

Thru paths AB, CD, AD, BC

Directivity (dB) 57 55 52 50 47

Source match (dB) 50 47 45 44 43

Reflection tracking (dB) ±0.03 ±0.03 ±0.04 ±0.04 ±0.05

Transmission tracking (dB) ±0.06 ±0.09 ±0.12 ±0.14 ±0.2

Load match (dB) 47 46 45 44 42

Thru paths AC, BD

Directivity (dB) 57 55 52 50 47

Source match (dB) 50 47 45 44 43

Reflection tracking (dB) ±0.03 ±0.03 ±0.04 ±0.04 ±0.05

Transmission tracking (dB) ±0.06 ±0.08 ±0.1 ±0.12 ±0.14

Load match (dB) 47 46 45 45 43



Ordering information
1. Select an ECal module based 

on the connector type 
required and the frequency 
range of your vector network 
analyzer (refer to table 
below).  

2. Order the 85097B interface 
module if you will be using 
ECal with your 8719, 8720, 
8722 or 8753. (Please 
reference the ECal and 
network analyzer/firmware 
compatibility table on page 3.)
The 85097B consists of an 
interface module and a power 
supply. If you will be using 
the 85097B to control an older
85060 series module with a 
serial number below 800, the 
module will require a slight 
modification by an Agilent 
service center.
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Options
Option Description

001 Adds a 300 kHz to 9 GHz RF module4

00F Replace f-m connectors on ECal module(s) with f-f connectors

00M Replace f-m connectors on ECal module(s) with m-m connectors

00A Adds male-to-male and female-to-female adapters (also adds a 5/16” 90 N-cm (8 in-lb) 
torque wrench to 3.5 mm modules)

UK6 Commercial calibration certificate with measured data

M0F f-m connectors on ECal module(s)5

010 Four female, 3.5 mm connectors

020 Four female, Type-N 50 ohm connectors

ECal modules and available options 1,2

2-port
Connector     Frequency range ECal module Available options
Type3 model number 

Type-F 300 kHz to 3 GHz4 85099C 00A, 00F, 00M, UK6, M0F

Type-N         300 kHz to 9 GHz4 85092C 00A, 00F, 00M, UK6, M0F, mixed connectors
50 ohms             

Type-N 1 GHz to 18 GHz        85064B 001, 00A, 00F, 00M, UK6, M0F   
50 ohms

Type-N         300 kHz to 3 GHz4 85096C 00A, 00F, 00M, UK6, M0F
75 ohms

3.5 mm         300 kHz to 9 GHz4 85093C 00A, 00F, 00M, UK6, M0F, mixed connectors

3.5 mm         1 GHz to 26.6 GHz      85062B 001, 00A, 00F, 00M, UK6, M0F

7 mm             300 kHz to 9 GHz4 85091C UK6

7 mm             1 GHz to 18 GHz        85060B 001, UK6

7-16              300 kHz to 7.5 GHz4 85098C 00F, 00M, UK6, M0F, mixed connectors

4-port 
Connector     Frequency range ECal module Available options
Type3 model number 

3.5 mm or 300 kHz to 9 GHz N4431A 010, 020, UK6, mixed connectors
Type-N

50 ohms

1.  85060 series modules cover a frequency range of 1 GHz to either 18 or 26.5 GHz. The upper frequency is limited by the 
connector cutoff frequency. Each module is supplied with a torque wrench and foam-padded wood storage box. 

2. 85090 series modules cover a frequency range of 300 kHz to 3 GHz, 7.5 GHz or 9 GHz. Each module is supplied with a torque 
wrench and foam-padded wood storage box. 

3. The standard ECal modules, except 7 mm modules, have one female and one male connector. 
(This is option M0F for 8509x modules).

4.  RF ECal module performance is typical from 300 kHz to 3 GHz, 7.5 GHz, or 9 GHz.
5. This option is required to receive one male and one female connector for 85062B/4B, as of July 2002.
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Mixed connector options

2-port (85092C/3C/8C ECal modules only)
Port A option Port B option

Model number Type (f) (m) Type (f) (m) Type (f) (m)

85092C Type-N 50 ohm 103 104 3.5 mm 201 202 7-161 205 206

85093C 3.5 mm 101 102 Type-N 50 ohm 203 204 7-161 205 206

85098C 7-161 105 106 3.5 mm 201 202 Type-N 50 ohm 203 204

4-port (N4431A ECal module only)

Connector type Port A option Port B option Port C option Port D option

3.5 mm (f) 101 201 301 401

3.5 mm (m) 102 202 302 402

Type-N 50 ohm (f) 103 203 303 403

Type-N 50 ohm (m) 104 204 304 404

7-16 (f)1 105 205 305 405

7-16 (m)1 106 206 306 406

1. Limits ECal module high frequency to 7.5 GHz.



Agilent Technologies’ Test and
Measurement Support, Services, and
Assistance
Agilent Technologies aims to maximize the
value you receive, while minimizing your
risk and problems. We strive to ensure
that you get the test and measurement
capabilities you paid for and obtain the
support you need. Our extensive support
resources and services can help you
choose the right Agilent products for your
applications and apply them successfully.
Every instrument and system we sell has a
global warranty. Support is available for at
least five years beyond the production life
of the product. Two concepts underlie
Agilent's overall support policy: "Our
Promise" and "Your Advantage."

Our Promise
Our Promise means your Agilent test and
measurement equipment will meet its
advertised performance and functionality.
When you are choosing new equipment,
we will help you with product information,
including realistic performance specifica-
tions and practical recommendations from
experienced test engineers. When you use
Agilent equipment, we can verify that it
works properly, help with product opera-
tion, and provide basic measurement
assistance for the use of specified capabil-
ities, at no extra cost upon request. Many
self-help tools are available.

Your Advantage
Your Advantage means that Agilent offers
a wide range of additional expert test and
measurement services, which you can pur-
chase according to your unique technical
and business needs. Solve problems effi-
ciently and gain a competitive edge by
contracting with us for calibration, extra-
cost upgrades, out-of-warranty repairs,
and on-site education and training, as well
as design, system integration, project
management, and other professional engi-
neering services. Experienced Agilent
engineers and technicians worldwide can
help you maximize your productivity, opti-
mize the return on investment of your
Agilent instruments and systems, and
obtain dependable measurement accuracy
for the life of those products.

By internet, phone, or fax, get assistance
with all your test & measurement needs

Online assistance:

www.agilent.com/find/assist

Phone or Fax
United States:
(tel) 1 800 452 4844

Canada:
(tel) 1 877 894 4414
(fax) (905) 282 6495

China:
(tel) 800 810 0189
(fax) 1 0800 650 0121

Europe:
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Japan:
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Korea:
(tel) (82 2) 2004 5004 
(fax) (82 2) 2004 5115

Latin America:
(tel) (305) 269 7500
(fax) (305) 269 7599

Taiwan:
(tel) 080 004 7866 
(fax) (886 2) 2545 6723

Other Asia Pacific Countries:
(tel) (65) 375 8100 
(fax) (65) 836 0252
Email: tm_asia@agilent.com

Product specifications and descriptions
in this document subject to change with-
out notice.
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Additional web
resources
ECal web page:
www.agilent.com/find/ecal

Other application and product
information: 
www.agilent.com/find/test

www.agilent.com/find/emailupdates

Get the latest information on the 
products and applications you
select.

Agilent Email Updates


