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This manual describes the following power sensor calibration kit types and the calibration software.

Power Sensor Calibration Kits

R&S® NRPC18 order no. 1418.0931.02
R&S® NRPC33 order no. 1418.0677.02
R&S® NRPC40 order no. 1159.6802.02
R&S® NRPC50 order no. 1159.6883.02
R&S® NRVC  order no. 1109.0500.02

Calibration Software
R&S® RECAL +

Dear Customer,

R&S® is a registered trademark of Rohde & Schwarz GmbH & Co. KG
Trade names are trademarks of the owners.
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Basic Safety Instructions

Always read through and comply with the following safety instructions!

All plants and locations of the Rohde & Schwarz group of companies make every effort to keep the safety
standards of our products up to date and to offer our customers the highest possible degree of safety. Our
products and the auxiliary equipment they require are designed, built and tested in accordance with the
safety standards that apply in each case. Compliance with these standards is continuously monitored by
our quality assurance system. The product described here has been designed, built and tested in
accordance with the EC Certificate of Conformity and has left the manufacturer’s plant in a condition fully
complying with safety standards. To maintain this condition and to ensure safe operation, you must
observe all instructions and warnings provided in this manual. If you have any questions regarding these
safety instructions, the Rohde & Schwarz group of companies will be happy to answer them.

Furthermore, it is your responsibility to use the product in an appropriate manner. This product is designed
for use solely in industrial and laboratory environments or, if expressly permitted, also in the field and must
not be used in any way that may cause personal injury or property damage. You are responsible if the
product is used for any purpose other than its designated purpose or in disregard of the manufacturer's
instructions. The manufacturer shall assume no responsibility for such use of the product.

The product is used for its designated purpose if it is used in accordance with its product documentation
and within its performance limits (see data sheet, documentation, the following safety instructions). Using
the product requires technical skills and, in some cases, a basic knowledge of English. It is therefore
essential that only skilled and specialized staff or thoroughly trained personnel with the required skills be
allowed to use the product. If personal safety gear is required for using Rohde & Schwarz products, this
will be indicated at the appropriate place in the product documentation. Keep the basic safety instructions
and the product documentation in a safe place and pass them on to the subsequent users.

Observing the safety instructions will help prevent personal injury or damage of any kind caused by
dangerous situations. Therefore, carefully read through and adhere to the following safety instructions
before and when using the product. It is also absolutely essential to observe the additional safety
instructions on personal safety, for example, that appear in relevant parts of the product documentation. In
these safety instructions, the word "product"” refers to all merchandise sold and distributed by the Rohde &
Schwarz group of companies, including instruments, systems and all accessories. For product-specific
information, see the data sheet and the product documentation.

Safety labels on products

The following safety labels are used on products to warn against risks and dangers.

Symbol Meaning Symbol Meaning

Notice, general danger location | O ON/OFF Power

Observe product documentation

Caution when handling heavy equipment d) Standby indication

Danger of electric shock f— Direct current (DC)

> B>
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Basic Safety Instructions

Meaning Symbol Meaning
Caution ! Hot surface ~_ Alternating current (AC)
Protective conductor terminal = Direct/alternating current (DC/AC)
To identify any terminal which is intended for
connection to an external conductor for
protection against electric shock in case of a
fault, or the terminal of a protective earth
Earth (Ground) D Class Il Equipment
to identify equipment meeting the safety

requirements specified for Class Il equipment
(device protected by double or reinforced
insulation)

Frame or chassis Ground terminal

EU labeling for batteries and accumulators

For additional information, see section "Waste
disposal/Environmental protection”, item 1.

devices

Be careful when handling electrostatic sensitive

EU labeling for separate collection of electrical
and electronic devices

For additional information, see section "Waste
disposal/Environmental protection”, item 2.

Warning! Laser radiation

For additional information, see section
"Operation", item 7.

Signal words and their meaning

The following signal words are used in the product documentation in order to warn the reader about risks

and dangers.

& WARNING

A CAUTION

Indicates a hazardous situation which, if not avoided, will result in death or
serious injury.

Indicates a hazardous situation which, if not avoided, could result in death or
serious injury.

Indicates a hazardous situation which, if not avoided, could result in minor or
moderate injury.

Indicates information considered important, but not hazard-related, e.g.
messages relating to property damage.
In the product documentation, the word ATTENTION is used synonymously.

These signal words are in accordance with the standard definition for civil applications in the European
Economic Area. Definitions that deviate from the standard definition may also exist in other economic
areas or military applications. It is therefore essential to make sure that the signal words described here
are always used only in connection with the related product documentation and the related product. The
use of signal words in connection with unrelated products or documentation can result in misinterpretation
and in personal injury or material damage.
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Instrucciones de seguridad elementales

Se parte del uso correcto del producto para los fines definidos si el producto es utilizado conforme a las
indicaciones de la correspondiente documentacion del producto y dentro del margen de rendimiento
definido (ver hoja de datos, documentacién, informaciones de seguridad que siguen). El uso del producto
hace necesarios conocimientos técnicos y ciertos conocimientos del idioma inglés. Por eso se debe tener
en cuenta que el producto solo pueda ser operado por personal especializado o personas instruidas en
profundidad con las capacidades correspondientes. Si fuera necesaria indumentaria de seguridad para el
uso de productos de Rohde & Schwarz, encontraria la informacion debida en la documentacion del
producto en el capitulo correspondiente. Guarde bien las informaciones de seguridad elementales, asi
como la documentacién del producto, y entréguelas a usuarios posteriores.

Tener en cuenta las informaciones de seguridad sirve para evitar en lo posible lesiones o dafios por
peligros de toda clase. Por eso es imprescindible leer detalladamente y comprender por completo las
siguientes informaciones de seguridad antes de usar el producto, y respetarlas durante el uso del
producto. Deberan tenerse en cuenta todas las demas informaciones de seguridad, como p. €j. las
referentes a la proteccion de personas, que encontrardn en el capitulo correspondiente de la
documentacién del producto y que también son de obligado cumplimiento. En las presentes
informaciones de seguridad se recogen todos los objetos que distribuye el grupo de empresas

Rohde & Schwarz bajo la denominacién de "producto”, entre ellos también aparatos, instalaciones asi
como toda clase de accesorios. Los datos especificos del producto figuran en la hoja de datos y en la
documentacién del producto.

Sefializacién de seguridad de los productos

Las siguientes sefiales de seguridad se utilizan en los productos para advertir sobre riesgos y peligros.

Simbolo Significado Simbolo Significado

Aviso: punto de peligro general | O Tension de alimentacion de PUESTA EN

o, MARCHA / PARADA
Observar la documentacion del producto

Atencién en el manejo de dispositivos de peso d) Indicacion de estado de espera (standby)
A elevado
| 18 kg |
2 Peligro de choque eléctrico e Corriente continua (DC)
f Advertencia: superficie caliente A~ Corriente alterna (AC)
. Conexion a conductor de proteccion —_ Corriente continua / Corriente alterna (DC/AC)
Conexion a tierra D El aparato esta protegido en su totalidad por un
aislamiento doble (reforzado)
Conexi6n a masa Distintivo de la UE para baterias y
acumuladores

Mas informacién en la seccion
"Eliminacion/proteccion del medio ambiente",
punto 1.

1171.0000.42 - 08 Page 8


https://www.manualsplus.com/

Instrucciones de seguridad elementales

Simbolo Significado Significado

Aviso: Cuidado en el manejo de dispositivos
sensibles a la electrostatica (ESD)

Distintivo de la UE para la eliminacion por
separado de dispositivos eléctricos y
electronicos

Mas informacién en la seccion
"Eliminacion/proteccion del medio ambiente”,
punto 2.

Advertencia: rayo laser

Mas informacion en la seccién
"Funcionamiento", punto 7.

Palabras de sefial y su significado

En la documentacidon del producto se utilizan las siguientes palabras de sefial con el fin de advertir contra
riesgos y peligros.

A PELIGRO Indica una situacion de peligro que, si no se evita, causa lesiones
graves o incluso la muerte.

Indica una situacién de peligro que, si no se evita, puede causar

A ADVERTENCIA lesiones graves o incluso la muerte.

Indica una situacién de peligro que, si no se evita, puede causar
lesiones leves o moderadas.

A ATENCION

m Indica informacién que se considera importante, pero no en relacion
con situaciones de peligro; p. €j., avisos sobre posibles dafios
materiales.

En la documentacion del producto se emplea de forma sindénima el
término CUIDADO.

Las palabras de sefial corresponden a la definicion habitual para aplicaciones civiles en el area
econdémica europea. Pueden existir definiciones diferentes a esta definicién en otras areas econémicas o
en aplicaciones militares. Por eso se deberd tener en cuenta que las palabras de sefial aqui descritas
sean utilizadas siempre solamente en combinacion con la correspondiente documentacién del producto y
solamente en combinacion con el producto correspondiente. La utilizacion de las palabras de sefial en
combinacion con productos o documentaciones que no les correspondan puede llevar a interpretaciones
equivocadas y tener por consecuencia dafios en personas u objetos.

Estados operativos y posiciones de funcionamiento

El producto solamente debe ser utilizado segun lo indicado por el fabricante respecto a los estados
operativos y posiciones de funcionamiento sin que se obstruya la ventilacion. Si no se siguen las
indicaciones del fabricante, pueden producirse choques eléctricos, incendios y/o lesiones graves con
posible consecuencia de muerte. En todos los trabajos deberan ser tenidas en cuenta las normas
nacionales y locales de seguridad del trabajo y de prevencion de accidentes.
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Instrucciones de seguridad elementales

Si no se convino de otra manera, es para los productos Rohde & Schwarz valido lo que sigue:
como posicién de funcionamiento se define por principio la posicién con el suelo de la caja para
abajo, modo de proteccién IP 2X, uso solamente en estancias interiores, utilizacién hasta 2000 m
sobre el nivel del mar, transporte hasta 4500 m sobre el nivel del mar. Se aplicara una tolerancia de
+10 % sobre el voltaje nominal y de +5 % sobre la frecuencia nominal. Categoria de sobrecarga
eléctrica 2, indice de suciedad 2.

No sitle el producto encima de superficies, vehiculos, estantes o mesas, que por sus caracteristicas
de peso o de estabilidad no sean aptos para él. Siga siempre las instrucciones de instalacion del
fabricante cuando instale y asegure el producto en objetos o estructuras (p. ej. paredes y estantes). Si
se realiza la instalacion de modo distinto al indicado en la documentacion del producto, se pueden
causar lesiones o, en determinadas circunstancias, incluso la muerte.

No ponga el producto sobre aparatos que generen calor (p. €j. radiadores o calefactores). La
temperatura ambiente no debe superar la temperatura maxima especificada en la documentacion del
producto o en la hoja de datos. En caso de sobrecalentamiento del producto, pueden producirse
choques eléctricos, incendios y/o lesiones graves con posible consecuencia de muerte.

Seguridad eléctrica

Si no se siguen (o se siguen de modo insuficiente) las indicaciones del fabricante en cuanto a seguridad
eléctrica, pueden producirse choques eléctricos, incendios y/o lesiones graves con posible consecuencia
de muerte.

1.

Antes de la puesta en marcha del producto se deberd comprobar siempre que la tensién
preseleccionada en el producto coincida con la de la red de alimentacion eléctrica. Si es necesario
modificar el ajuste de tension, también se deberan cambiar en caso dado los fusibles
correspondientes del producto.

Los productos de la clase de proteccién | con alimentacion mévil y enchufe individual solamente
podran enchufarse a tomas de corriente con contacto de seguridad y con conductor de proteccion
conectado.

Queda prohibida la interrupcién intencionada del conductor de proteccién, tanto en la toma de
corriente como en el mismo producto. La interrupcion puede tener como consecuencia el riesgo de
gue el producto sea fuente de choques eléctricos. Si se utilizan cables alargadores o regletas de
enchufe, debera garantizarse la realizacién de un examen regular de los mismos en cuanto a su
estado técnico de seguridad.

Si el producto no est& equipado con un interruptor para desconectarlo de la red, o bien si el
interruptor existente no resulta apropiado para la desconexion de la red, el enchufe del cable de
conexion se debera considerar como un dispositivo de desconexion.

El dispositivo de desconexién se debe poder alcanzar facilmente y debe estar siempre bien accesible.
Si, p. €]., el enchufe de conexion a la red es el dispositivo de desconexién, la longitud del cable de
conexion no debe superar 3 m).

Los interruptores selectores o electrénicos no son aptos para el corte de la red eléctrica. Si se
integran productos sin interruptor en bastidores o instalaciones, se debera colocar el interruptor en el
nivel de la instalacion.

No utilice nunca el producto si esta dafiado el cable de conexién a red. Compruebe regularmente el
correcto estado de los cables de conexion a red. Asegurese, mediante las medidas de proteccién y
de instalacion adecuadas, de que el cable de conexién a red no pueda ser dafiado o de que nadie
pueda ser dafiado por él, p. €j. al tropezar o por un choque eléctrico.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Instrucciones de seguridad elementales

Solamente esta permitido el funcionamiento en redes de alimentacion TN/TT aseguradas con fusibles
de 16 A como maximo (utilizacién de fusibles de mayor amperaje solo previa consulta con el grupo de
empresas Rohde & Schwarz).

Nunca conecte el enchufe en tomas de corriente sucias o llenas de polvo. Introduzca el enchufe por
completo y fuertemente en la toma de corriente. La no observacion de estas medidas puede provocar
chispas, fuego y/o lesiones.

No sobrecargue las tomas de corriente, los cables alargadores o las regletas de enchufe ya que esto
podria causar fuego o choques eléctricos.

En las mediciones en circuitos de corriente con una tension Ug; > 30 V se deberan tomar las medidas
apropiadas para impedir cualquier peligro (p. ej. medios de medicién adecuados, seguros, limitacion
de tensidn, corte protector, aislamiento etc.).

Para la conexiéon con dispositivos informaticos como un PC o un ordenador industrial, debe
comprobarse que éstos cumplan los estandares IEC60950-1/EN60950-1 o IEC61010-1/EN 61010-1
validos en cada caso.

A menos que esté permitido expresamente, no retire nunca la tapa ni componentes de la carcasa
mientras el producto esté en servicio. Esto pone a descubierto los cables y componentes eléctricos y
puede causar lesiones, fuego o dafos en el producto.

Si un producto se instala en un lugar fijo, se debera primero conectar el conductor de proteccion fijo
con el conductor de proteccion del producto antes de hacer cualquier otra conexién. La instalacion y
la conexidon deberan ser efectuadas por un electricista especializado.

En el caso de dispositivos fijos que no estén provistos de fusibles, interruptor automatico ni otros
mecanismos de seguridad similares, el circuito de alimentacién debe estar protegido de modo que
todas las personas que puedan acceder al producto, asi como el producto mismo, estén a salvo de
posibles dafios.

Todo producto debe estar protegido contra sobretension (debida p. ej. a una caida del rayo) mediante
los correspondientes sistemas de proteccion. Si no, el personal que lo utilice quedara expuesto al
peligro de choque eléctrico.

No debe introducirse en los orificios de la caja del aparato ningin objeto que no esté destinado a ello.
Esto puede producir cortocircuitos en el producto y/o puede causar choques eléctricos, fuego o
lesiones.

Salvo indicacién contraria, los productos no estan impermeabilizados (ver también el capitulo
"Estados operativos y posiciones de funcionamiento”, punto 1). Por eso es necesario tomar las
medidas necesarias para evitar la entrada de liquidos. En caso contrario, existe peligro de choque
eléctrico para el usuario o de dafios en el producto, que también pueden redundar en peligro para las
personas.

No utilice el producto en condiciones en las que pueda producirse o ya se hayan producido
condensaciones sobre el producto o en el interior de éste, como p. €j. al desplazarlo de un lugar frio a
otro caliente. La entrada de agua aumenta el riesgo de choque eléctrico.

Antes de la limpieza, desconecte por completo el producto de la alimentacion de tension (p. €j. red de
alimentacion o bateria). Realice la limpieza de los aparatos con un pafio suave, que no se deshilache.
No utilice bajo ninglin concepto productos de limpieza quimicos como alcohol, acetona o diluyentes
para lacas nitrocelulésicas.
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Quality management
and environmental

management

Sehr geehrter Kunde,

Sie haben sich fur den Kauf
eines Rohde & Schwarz Produk-
tes entschieden. Sie erhalten
damit ein nach modernsten Fer-
tigungsmethoden hergestelltes
Produkt. Es wurde nach den
Regeln unserer Qualitats- und
Umweltmanagementsysteme
entwickelt, gefertigt und gepruft.
Rohde & Schwarz ist unter ande-
rem nach den Managementsys-
temen ISO90071 und ISO 14001
zertifiziert.

Der Umwelt verpflichtet

1 Energie-effiziente,
RoHS-konforme Produkte

1 Kontinuierliche
Weiterentwicklung nachhaltiger
Umweltkonzepte

1 ISO 14001-zertifiziertes
Umweltmanagementsystem

Dear customer,

You have decided to buy a
Rohde & Schwarz product. This
product has been manufactured
using the most advanced meth-
ods. It was developed, manufac-
tured and tested in compliance
with our quality management
and environmental manage-
ment systems. Rohde & Schwarz
has been certified, for exam-
ple, according to the ISO 9001
and ISO 14001 management
systems.

Environmental commitment

1 Energy-efficient products

1 Continuous improvement in
environmental sustainability

1 ISO 14001 -certified
environmental management
system

IVICATTU LUl V1|

Certified Quality System

150 9001

Certified Environmental System

IS0 14001

Cher client,

Vous avez choisi d'acheter un
produit Rohde & Schwarz. Vous
disposez donc d'un produit
fabriqué d'aprés les méthodes
les plus avancées. Le dévelop-
pement, la fabrication et les
tests de ce produit ont été effec-
tués selon nos systémes de
management de qualité et de
management environnemental.
La société Rohde & Schwarz a
été homologuée, entre autres,
conformément aux systémes
de management ISO9001 et
ISO 14001.

Engagement écologique

1 Produits a efficience
énergétique

i+ Amélioration continue de la
durabilité environnementale

1 Systeme de management
environnemental certifié selon
ISO 14001

1171.0200.11 V 05.01
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Customer Support

Technical support — where and when you need it

For quick, expert help with any Rohde & Schwarz equipment, contact one of our Customer Support
Centers. A team of highly qualified engineers provides telephone support and will work with you to find a
solution to your query on any aspect of the operation, programming or applications of Rohde & Schwarz
equipment.

Up-to-date information and upgrades

To keep your instrument up-to-date and to be informed about new application notes related to your
instrument, please send an e-mail to the Customer Support Center stating your instrument and your wish.
We will take care that you will get the right information.

Europe, Africa, Middle East Phone +49 89 4129 12345
customersupport@rohde-schwarz.com

North America Phone 1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Latin America Phone +1-410-910-7988
customersupport.la@rohde-schwarz.com

Asia/Pacific Phone +6565 1304 88
customersupport.asia@rohde-schwarz.com

China Phone +86-800-810-8228 /
+86-400-650-5896
customersupport.china@rohde-schwarz.com

ROHDE&SCHWARZ

1171.0200.22-06.00
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1 General

Various calibration kits are available for calibration of sensors depending on the frequency range. Cali-
bration of the sensors is supported by the R&S®Recal+ software. All of the calibration kits are calibrated
in a traceable manner by Deutscher Kalibrierdienst laboratory D-K-15195-01-00. This laboratory is ac-
credited by the Deutsche Akkreditierungsstelle GmbH for the relevant measured quantities (reflection,
equivalent reflection and RF power). The appendix to the accreditation certificate can be found on the
Internet at www.dakks.de.

The calibration kits support the following functions:

¢ Calibration of absolute accuracy for power sensors with N-50Q, 3.5 mm, 2.92 mm and 2.4 mm con-
nectors from DC to max. 50 GHz

e Linearity calibration with a level range of -30 dBm to +33 dBm at 50 MHz

¢ Recording of the reflection with the additional program R&S®ZVX_RECAL

e Computation of new correction factors for the data memories based on the calibration data *)
e Rewriting to the data memories

e Report generation

*) For certain sensors (see Table 1-4 to Table 1-7), calibration is performed without rewriting the data
memory.

Note: This document refers to the R&S®NRPC33, R&S®NRPC40 and R&S®NRPC50 calibration
kits using the general designation R&S®NRPC.

Description of the Calibration Kits

The R&S®NRPC calibration kits support the common connector types that are used in the frequency
range up to 50 GHz (Table 1-1). For the N-50Q connector type, the predecessor model R&S®NRVC is
also listed which is still supported by the current R&S®Recal+ calibration software.

Table 1-1 Calibration kits
Calibration kit Connector type Meas. level Frequency range
R&S®NRVC N-50Q -30 dBm (1 pW) to +20 dBm (20 mW) DC to 18 GHz
R&S®NRPC18 N-50Q -40 dBm (0.1 yW) to +20 dBm (20 mW) DC to 18 GHz
R&S®NRPC33 3.5 mm -40 dBm (0.1 pW) to +20 dBm (20 mW) DC to 33 GHz
R&S®NRPC40 2.92 mm -40 dBm (0.1 yW) to +20 dBm (20 mW) DC to 40 GHz
R&S®NRPC50 2.4 mm -20 dBm (10 pW) to +20 dBm (20 mW) DC to 50 GHz

Table 1-2 Options for the R&S®NRVC calibration kit

Option Connector type Function Frequency range
R&S®NRVC-B1 N-50Q For verification R&S®NRVC 10 MHz to 18 GHz
R&S®NRVC-B2 N-50Q For linearity calibration of sensors 50 MHz

The option R&S®NRVC-B1 is a verification set for the power standard in the R&S®NRVC calibration kit.
Each verification set contains two appropriate sensors for the given power standard.
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The option R&S®NRVC-B2 is a linearity standard that makes it possible to verlfy the linearity of power
sensors at 50 MHz. This function is also possible in conjunction with the R&S®NRPC calibration kits, but
an R&S®NRVD base unit and a suitable generator are required.

Table 1-3 Options for the R&S®NRPC calibration kits
Option Connector type Function Frequency range
R&S®NRPC18-B1 N-50Q For verification R&S®NRPC18 10 MHz to 18 GHz
R&S®NRPC33-B1 3.5 mm For verification R&S®NRPC33 10 MHz to 33 GHz
R&S®NRPC40-B1 2.92 mm For verification R&S®NRPC40 10 MHz to 40 GHz
R&S®NRPC50-B1 24 mm For verification R&S®NRPC50 10 MHz to 50 GHz

The R&S®NRPC-B1 options are verification sets for the power standards in the R&S®NRPC calibration
kits. Each verification set contains a thermal sensor that is appropriate for the power standard.

Information about the R&S®NRPC Calibration Kit

The R&S®NRPC calibration kits use the technology in the R&S®NRP thermal sensors. The display of the
RF power measurand takes place here entirely in the sensor all the way through the numerical meas-
urement result. The R&S®NRP2 base unit is used only to set the sensor parameters and to display the
measured value computed in the sensor. In thls manner, any influence of the power meter base unit on
the measured value is eliminated for the R&S®NRPC calibration kits. All of the necessary correction fac-
tors including the S-parameters for the reference attenuator (2) are saved in the power standard's data
memory (1) .

Note: In the R&S®NRPC calibration kits, the power standards contain all of the necessary data
(correction and characteristic data).

Information about the R&S®NRVC Calibration Kit

The R&S®NRVC calibration kit is a discontinued product. The following successor product is the
R&S®NRPC18 calibration kit. The R&S®Recal+ software supports still the use of the R&S®NRVC cali-
bration kit.

The R&S®NRVC calibration kit is based on the technology used in the R&S®NRYV thermal sensors. They
convert the supplied RF power into an analog voltage that is made available on the interface to the base
unit. Following digitization and numerical correction, the base unit computes the RF power measurand.
The correction factors that are used and their uncertainties are stored in the power standard's data
memory. The equivalent reflection coefficients for the test port and the S-parameters for the reference
attenuator are saved in separate files on the storage medium.
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Information and Instructions on Calibration

Warm-Up Time for Devices under Test (DUTs)

For the sensors in the R&S®NRV and R&S®URV5 family, it is adequate to wait for two minutes after
connection to the R&S®NRVD.

The sensors in the R&S®NRP and R&S®FSH family require a warm-up time of at least one hour after
startup to attain their operating temperature. If it is frequently necessary to calibrate a series of sensors,
let the uncalibrated sensors warm up while calibration is being performed on another one In this appli-
cation, they can be connected either to a multichannel R&S®NRP2 (option R&S®NRP-B2 and
R&S®NRP B5) or to a PC, preferably via the four-channel R&S NRP-Z5 USB sensor hub (material num-
ber 1146.7740.02).

Simply connecting the sensor to the PC is not sufficient for warm-up; instead, the sensor processor,
which is the main source of heat for the sensor, must be placed in a typical operating state. For this to
occur, the sensor must be recognized by Windows after it is connected and properly numbered (entered
in the Windows device manager in the USB controller device group).

For numberlng purposes, Windows always needs the associated device drivers that R&S provides with
the R&S®NRP Toolkit software. This software is supplied with all R&S NRP sensors and can also be
obtained from the Rohde & Schwarz website. For proper numbering of a sensor, R&S®NRP Toolkit
must be installed prior to connecting the sensor for the first time.

Reflection Measurement

A sensor's reflection must always measured from two perspectives. On the one hand, it is an important
device property. On the other hand, reflection data in complex notation can be used to reduce the
measurement errors resulting from mlsmatchlng during calibration of absolute accuracy (see section
"Checking the Absolute Accuracy"). Reflection measurement is supported by the R&S ZVX RECAL
additional program in conjunction with selected network analyzers from Rohde & Schwarz. In the ap-
pendix under Measurements on a Separate Measurement Setup in the Reflection section, methods are
described for integrating reflection data from other network analyzers into the R&S®Recal+ software.

Calibration of Absolute Accuracy

Refreshing the Device under Test's Data Set

When absolute accuracy is checked, the DUT's power reading is compared with that of a power stan-
dard over the DUT's entire frequency range. A tolerance test that is performed automatically by the
R&S®Recal+ software provides an indication of whether the sensor can be considered to comply with
the specifications at the time point of delivery at the individual frequency points.

In order to ensure compliance with specifications for the following calibration interval, it is necessary for
most sensors to also readjust the saved correction factors (calibration data) so that the errors that are
measured compared to the power standard will disappear. This can be achieved in a subsequent meas-
urement. Devices under test calibrated/adjusted in this manner reliably conform to the uncertainties
specified in the data sheet.

A few sensors are specified such that the compliance with specifications is basically ensured if the toler-
ance limits used in calibration of absolute accuracy are met. In this case, it is not necessary to rewrite
the correction factor memory (nor is it possible). In Table 1-4 to Table 1-7, these sensor types are indi-
cated accordingly in the Absolute accuracy / Adjustment column.
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Gamma Correction

Correction of the mismatch between the device under test and the power standard (/" correction for
short) generally reduces the influence of the mismatch by an order of magnitude. This correction is rec-
ommended in all cases, and it is even mandatory for some sensor types. These sensors are designated
accordlngly in Table 1-4 to Table 1-7. I correction is easy to activate via the user interface of the
R&S®Recal+ software, but it does require the availability of reflectlon values for the device under test in
complex notation. Reflection measurement is supported by the R&S ZVX RECAL additional program in
conjunction with selected network analyzers from Rohde & Schwarz.

R&S®NRP-Z Sensors with Attenuator

Calibration is different with the R&S®NRP-222, -Z223, -Z24 and -Z92 sensors which consist of a power
sensor with an attenuator connected to the input. The attenuator is treated as a connectable S-
parameter device for which separate correction factors are present in the data memory for the sensor.
When these sensors are calibrated, the correction factors for the power sensor as well as for the at-
tenuator must be refreshed if the uncertainties specified for the combination thereof are to be in confor-
mance after the calibration.

Like aII of the other R&S®NRP sensors, calibration of the power sensors is supported by the
R&S®Recal+ software. However, calibration of the attenuators is not supported. Since the risk of signifi-
cant measurement errors is much higher compared to power calibration, this should be handled only by
experienced personnel using suitable measurement setups. The section S-parameter file for sensors
with attenuators (see appendix under Measurements on a Separate Measurement Setup) contains fur-
ther details.

Insight into whether the existing calibration values for the attenuator are roughly correct can be obtained
with a check measurement supported by the R&S®Recal+ software on the power sensor with the at-
tenuator screwed on.

Diode Sensors in the R&S®NRV and R&S®URV5 Families

Some of these sensors require a power level of less than 10 yW for calibration of absolute accuracy.
Accordingly, it is necessary to connect the reference attenuator (2 to the output of the power standard
to reduce the power level.

Linearity Calibration

For most DUTs, calibration of the linearity is used only to check that the sensor is functioning properly
This means that the check for compliance with tolerance limits that is performed by the R&S®Recal+
software is fully adequate. In such cases, there is no need to refresh the set of correction factors (nor is
it possible). The relevant sensors are designated accordingly in Table 1-4 to Table 1-7 in the Linear-
ity/Adjustment column.
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Information about the Supported Sensors

Table 1-4 Sensors supported by the R&S®NRVC and R&S®NRPC18 calibration kits
Type (model) Calibration function
R&S®.. Absolute accuracy Linearity corre{::tion Eﬁ??;:ﬁ:;gg)e’

Adjustment Check Adjl:]sttme Check Mandatory

NRP8S(N) v v - v - 10 MHz to 8 GHz
NRP18S(N) v v - v - 10 MHz to 18 GHz
FSH-Z1 v v - v - 10 MHz to 8 GHz
FSH-Z18 v v - v - 10 MHz to 18 GHz
NRP-Z11 v v - v - 10 MHz to 8 GHz
NRP-Z21/-222/-223/-Z24 v v - v - 10 MHz to 18 GHz
NRP-Z211 v v - v - 10 MHz to 8 GHz
NRP-Z221 v v - v - 10 MHz to 18 GHz
NRP-Z51 (02, 62) v v - v - 10 MHz to 18 GHz
NRP-Z51 (03) v v - v 10 MHz to 18 GHz
NRP-Z81 v v - v 50 MHz to 18 GHz
NRP-Z91 (02, 04) v v - v - 9 kHz to 6 GHz
NRP-Z91 (08) - v v - 10 MHz to 8 GHz
NRP-Z92 v v - v - 9 kHz to 6 GHz
NRV-Z1/-Z2 v v v v - 10 MHz to 18 GHz
NRV-Z4/-Z5 v v v v - 100 kHz to 6 GHz
NRV-Z7/-Z8 v v v v - 10 MHz to 13 GHz
NRV-Z31/-232/-Z33 - v - v - 30 MHz to 6 GHz
NRV-Z51 (02, 04) v v v v - 10 MHz to 18 GHz
NRV-Z51 (06) v v v v - 1 kHz to 6 GHz
NRV-Z53/-254 v v v v - 10 MHz to 18 GHz
URV5-Z2 (02, 05) - v - v - 9 kHz to 3 GHz
URV5-Z2 (04) - v - v - 9 kHz to 1 GHz
URV5-Z2 (55, 56) - v - v - 9 kHz to 2 GHz
URV5-Z4 (02, 05) - v - v - 100 kHz to 3 GHz
URV5-Z4 (04) - v - v - 100 kHz to 2 GHz
URV5-Z4 (55, 56) - v - v - 100 kHz to 2 GHz
URV5-Z5 (55) v v v v - 10 MHz to 18 GHz
URV5-Z7 - v - v - 20 kHz to 1 GHz
URY-Z2 - v - v - 9 kHz to 2 GHz
URY-Z4 - v - v - 100 kHz to 2 GHz
URY-Z7 - v - v - 20 kHz to 1 GHz
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Table 1-5 Sensors supported by the R&S®NRPC33 calibration kit
Type (model) Calibration function
Frequency range,
® enerator
RE&S™... Absolute accuracy Linearity r . g
correction
Adjustment Check Adjﬁtme Check Mandatory
NRP33S(N) v v - v v 10 MHz to 33 GHz
NRP-Z31 v v - v v 10 MHz to 33 GHz
NRP-Z52 (02, 62) v v - v v 10 MHz to 33 GHz
NRP-Z52 (18) v v - v v 10 MHz to 18 GHz
NRV-z6 v v v o v 50 MHz to 26.5
GHz
NRV-Z52 v v v v v 10 MHz to 26.5
GHz
Table 1-6 Sensors supported by the R&S®NRPC40 calibration kit
Type (model) Calibration function
®
R&S™... Absolute accuracy Linearity r . Frequency range,
correction generator
Adjustment Check Adjﬁtme Check Mandatory
NRP-Z41 v v - v v 50 MHz to 40 GHz
NRP-Z55 v v - v v 10 MHz to 40 GHz
NRP-Z85 v v - v v 50 MHz to 40 GHz
NRV-Z15 v v Vo v 50 MHz to 40 GHz
NRV-Z55 v v v v 10 MHz to 40 GHz
Table 1-7 Sensors supported by the R&S®NRPC50 calibration kit
Type (model) Calibration function
®
R&S™... Absolute accuracy Linearity r . Frequency range,
correction generator
Adjustment Check Adjl:]sttme Check Mandatory
NRP-Z61 v v - v v 50 MHz to 50 GHz
NRP-Z56 v v - v v 10 MHz to 50 GHz
NRP-Z86 (40) v v - v v 50 MHz to 40 GHz
NRP-Z86 (44) v v - v v 50 MHz to 44 GHz

** Calibration at 500 MHz necessary on separate measurement setup; not supported by the

R&S®NRVC-B2
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2 Putting into Operation

Unpacking the Unit

Check the delivery to ensure that it is complete and that there are no signs of damage. If any damage is
present, inform the carrier immediately and keep the packaging to support any subsequent claims.

R&S®NRPC18 and R&S°NRPC18-B1

The R&S®NRPC18 calibration kit is supplied together with the R&S®NRPC18-B1 option in a storage
case (Fig. 2-1 and Table 2-1).

Fig. 2-1 R&S®NRPC18 calibration kit

Table 2-1 Individual parts in the R&S®NRPC18 calibration kit

Item Designation Material number

no.
@ Power standard 1418.0948.02
@ 20 dB reference attenuator 1109.0898.00
@ CD with manual, program and data 1109.0769.00
@ Microwave connecting cable N (male) — N (male) 1306.4620.00
Adapter N (male) to BNC (male) 0351.7286.00
@ Precision 50 Q termination 1418.1109.02
Adapter cable for connecting R&S®FSH-Z... sensors to the 1155.4940.00

R&S®NRP (not shown)

@ Torque wrench (not shown) 1311.8242.04
Option: R&S®NRPC18-B1 verification kit 1418.1044.03
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R&S®NRPC33 and R&S®NRPC33-B1

The R&S®NRPC33 calibration kit is supplied together with the R&S®NRPC33-B1 option in a storage
case (Fig. 2-2 and Table 2-2).

Fig. 2-2 R&S®NRPC33 calibration kit
Table 2-2 Individual parts in the R&S®NRPC33 calibration kit
Item Designation Material number
no.
@ Power standard 1418.0660.02
@ 20 dB reference attenuator 1418.0731.00
@ CD with manual, program and data 1109.0769.00
@ Microwave connecting cable PC2.92 (male) — PC2.92 (male) 1159.6602.02
@ Replacement adapter PC2.4 (male) — PC3.5 (female) for the test | 1418.0902.00
port
@ Adapter for linearity N (male) — SMA (female) 4012.5837.00
(@ | Torque wrench 1311.8213.02
Option: R&S®NRPC33-B1 verification kit 1418.0683.02
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R&S®NRPC40 and R&S®NRPC40-B1

The R&S®NRPC40 calibration kit is supplied together with the R&S®NRPC40-B1 option in a storage
case (Fig. 2-3 and Table 2-3).

Fig. 2-3 R&S®NRPC40 calibration kit

Table 2-3 Individual parts in the R&S®NRPC40 calibration kit

Item Designation Material number

no.
@ Power standard 1159.6825.00
@ 20 dB reference attenuator 1159.6654.00
@ CD with manual, program and data 1109.0769.00
@ Microwave connecting cable PC2.92 (male) — PC2.92 (male) 1159.6602.00
@ Replacement adapter PC2.4 (male) — PC2.92 (female) for the 1418.0919.00

test port

@ Adapter N (male) — SMA (female) 4012.5837.00
(@ | Torque wrench 1311.8213.02
Option: R&S®NRPC40-B1 verification kit 1159.6819.02
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R&S®NRPC50 and R&S®NRPC50-B1

The R&S®NRPC50 calibration kit is supplied together with the R&S®NRPC50-B1 option in a storage
case (Fig. 2-4 and Table 2-4).

Fig. 2-4 R&S®NRPC50 calibration kit
Table 2-4 Individual parts in the R&S®NRPC50 calibration kit
Item Designation Material number
no.
@ Power standard 1159.6725.02
@ CD with manual, program and data 1109.0769.00
@ Microwave connecting cable PC1.85 (male) - PC1.85 (male) 1159.6619.00
@ Replacement adapter PC2.4 (male) — PC2.4 (female) for the test | 1418.0925.00
port
@ Adapter N (male) — PC2.4 (female) 1159.6919.00
() | Torque wrench 1311.8213.02
Option: R&S®NRPC50-B1 verification kit 1159.6890.02
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Fig. 2-5 R&S®NRVC-B2 accessory set

Table 2-5 Individual parts in the R&S®NRVC-B2 accessory set

Item Designation Material number

no.
@ Linearity standard 1109.1407.02
@ Power splitter 0800.6612.52
@ 50 MHz harmonics filter 1109.1288.00
Connecting cable 2 x N (male) 1109.1388.00
@ N (female) to BNC (male) adapter 0541.8030.00
N (female) to N (female) adapter 0092.6700.00
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Additional Hardware Requirements

Several additional devices that are not included in the delivery are required in order to perform calibra-
tions:

Required devices for operation of an R&S®NRPC and R&S®NRVC:

e Controller (PC) with IEC/IEEE bus interface from National Instruments

e Generator for calibration of absolute accuracy

e Vector network analyzer for calibration of matching

e Calibration kit for calibration of network analyzer

e R&S®NRP2 power meter with options B1 and B2, respectively

e R&S®NRVD dual-channel power meter (for calibrating sensors in the R&S®NRV-Z and
R&S®URV5-Z series)

The following sections provide detailed descriptions of the devices listed above.
Devices for the R&S®NRPC and R&S®NRVC Calibration Kit

Controller

The entire calibration procedure, i.e. recording measured values, setting the generators and reading
from and writing to the calibration data memory, is remote-controlled from a PC. The hardware require-
ments (clock frequency, RAM, hard disk space) are not critical; the operating system must be Microsoft
Windows® 7.

Also required is a National Instruments IEC/IEEE bus interface which can run under the installed operat-
ing system and act as the interface to the measuring instruments. Before using the calibration kit for the
first time, test the installation of the IEC/IEEE bus card with the tools supplied by the manufacturer (ib-
conf, ibdiag, etc.).

R&S®NRP-ZKG6 interface cable
For the R&S®NRPxxS/SN power sensors an R&S®NRP-ZK6 (Table 2-6) interface cable is mandatory.

Table 2-6 6-pole Interface Cable for R&S®NRPxxS/SN power sensors
Type Option Material number
length: 1.5 m 1419.0664.02
R&S®NRP-ZK6 length: 3 m 1419.0664.03
length: 5m 1419.0664.04
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Generators for Calibration of Absolute Accuracy

The required characteristics depend on the frequency measurement range and the power measurement
range of the DUT (Table 1-4 to Table 1-7). The generator that is selected must cover the entire fre-
quency range. Table 2-7 shows a selection of generators from the current R&S product line that are
recommended for operation of the R&S®NRVC or R&S®NRPC calibration kit. This selection makes it
possible to cover a wide frequency range with only a few types. Current instruments that are not listed
such as the R&S®SMC100A or R&S®SMB100A in the 3 GHz version are generally also supported.

Calibration of sensors with a frequency range up to 50 GHz is currently possible only with the E8257D
generator from the company Agilent when equipped with the appropriate options.

Older generators supported by the R&S®Recal+ software are listed in Table 2-9.

Table 2-7 Supported generators in the current product range
frange, DUT= | 29kHzto | 29kHzto | 210 MHzto | 210 MHzto | 210 MHzto | 210 MHz to
<3 GHz <6 GHz <18 GHz <33 GHz <40 GHz <50 GHz
Generator type + options |
R&S®SMA100A v v
+ option -B106
R&S®SMB100A v v
+ option -B106
R&S®SMB100A L,
+ options -B120, -B31 *
R&S®SMB100A L, L,
+ options -B140, -B32
R&S®SMF100A
+ options -B144, -B2, -B27, v v
+ option —-B34
Agilent E8257D v v v
+ options -550, -1EU , -1E1

* The option R&S®SMB-B31 is necessary only for calibration of the R&S®NRV-253/-Z54 power sensors.

Table 2-8 Ordering information for the generators in the current R&S product range
Type Material number Options Material number
for option
R&S®SMA100A 1400.0000.02 6 GHz R&S®SMA-B106 | 1405.0809.02
6 GHz R&S®SMB-B106 | 1407.2909.02
20 GH R&S®SMB-B120 | 1407.2209.02
R&S®SMB100A 1406.6000.02 Z | R&S®SMB-B31 1407.1260.02
40 GH R&S®SMB-B140 | 1407.2309.02
Z | R&S®SMB-B32 1407.1360.02
o R&S®SMF-B144 1167.7204.03
R&S®SMF100A 1167.0000.02 43.5 GHz | R&S®SMF-B2 1167.4005.02
R&S®SMF-B27 1167.5776.02
R&S®SMF-B34 1415.2404.02
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Table 2-9 Supported generators that are no longer available
frange, DUT = | 29 kHz to 2 9 kHz to 210 MHzto | 210 MHzto | 210 MHz to | 210 MHz to
<3 GHz <6 GHz <18 GHz < 26.5 GHz <33 GHz <40 GHz
Generator type
R&S®SML03, R&S®SMV03
R&S®SME06, R&S®SMT06 v v
R&S®SMR20 v
R&S®SMR27/30 v )
R&S®SMR40 v ) (N
R&S®SMP02/22 v
R&S®SMP03 v v
R&S®SMP04 v v v )*
R&S®SWMO02/05 v
R&S®SMGL Linearity measurements with the R&S®NRVC-B2
HP8116A Linearity measurements with the R&S®NRVC-B2
* Only suitable for calibration R&S®NRV-Z6/-Z15.
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Vector Network Analyzers for Calibration of Matching

The required characteristics are focused primarily on the frequency range and connector used by the
DUT (Table 1-4 to Table 1-7). Its lower frequency limit is less important since R&S sensors at least do
not exhibit any significant changes in the matching at lower frequencies. Accordingly, a standard lower
frequency limit of 10 MHz can be assumed when selecting an appropriate analyzer.

Table 2-10 shows a group of network analyzers selected based on this perspective where the objective
is to cover a very large frequency range with very few types. Only these anal(g/zers along with those listed
in Table 2-11 which are no longer sold are currently supported by the R&S™Recal+ calibration software
and the R&S®ZVX_RECAL additional program. Of course, it is also possible to use other network ana-
lyzers. However, the user must take care to ensure that the appropriate frequency points are measured
and the calibration results are made available in the necessary file format (see appendix under Meas-
urements on a Separate Measurement Setup in the Matching section, Separate recording of the match-
ing).

For calibration of the supported network analyzers, the calibration kits listed in Table 2-13 are recom-
mended. For sensors with a 3.5 mm connector, the R&S®ZV-Z235 standard kit with a frequency range
of 24 GHz is not adequate. Instead, the "E" version must be used. It is specified for use up to 33 GHz.

Note: For the sake of traceability and higher accuracy, German Accreditation Body (DAkks) cali-
bration is recommended at the laboratory D-K-15195-01-00 operated by Rohde & Schwarz.

The German Accreditation Body calibration must genera/g/ be ordered separately. It is in-
cluded with the item only for the R&S®ZV-7235E and R&S®NRVC/NRPC calibration kits.

Table 2-10 Supported network analyzers in the current product range

Type R&S®... calibration kit used for power calibration
NRVC/NRPC18 | NRPC33 NRPC40 NRPC50

R&S®zVB20 v

R&S®zVA24 v

R&S®ZVA40 v v v

R&S®ZVA50 v v v v

R&S®ZVA67 v v v v

R&S®ZNB8 v

R&S®ZNB20 | ¥

R&S®ZNB40 | v v v

Table 2-11 Supported network analyzers which are no longer available

Type R&S®... calibration kit used for power calibration
NRVC/NRPC18 | NRPC33 NRPC40 NRPC50

R&S®zvM v

R&S®zVK v v v
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Table 2-12 Ordering information for network analyzers
Type Material Comments
number
R&S®zvB20 1145.1010.20 | Versions with four ports
o are also supported
R&S“zvB20 1145.1010.23
R&S®zvA24 1145.1110.24
R&S®zvA40 1145.1110.40
R&S®zvA50 1145.1110.50
R&S®zvA67 1305.7002.02
R&S®ZNB8 1311.6010.42
R&S®ZNB20 1311.6010.62
R&S®ZNB40 1311.6010.72
Table 2-13 Recommended calibration kits for network analyzers
Connector N-50 Q 3.5mm 2.92 mm 2.4 mm
farﬁggency 10 MHz to 18 GHz 10 MHz to 33 GHz 10 MHz to 40 GHz 10 MHz to 50 GHz
Type R&S®ZV-2270 R&S®ZV-Z235E R&S®ZV-7229 R&S®ZV-7224
Table 2-14 Ordering information for calibration kits
Type Material number Comments
ZV-Z270 5011.6536.02 German Accreditation Body (DAkkS) calibration must
be ordered separately
ZV-Z235E 5011.6707.02 German Accreditation Body (DAkkS) calibration in-
cluded
ZV-Z229 5011.6559.02 German Accreditation Body (DAkkS) calibration must
be ordered separately
ZV-2224 5011.6565.02 German Accreditation Body (DAkkS) calibration must

be ordered separately
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Devices for the R&S®NRPC Calibration Kit

R&S®NRP2 Base Unit

For operatlon of the R&S®Recal+ calibration software in conjunction with an R&S®NRPC power stan-
dard, an R&S NRP2 dual-channel power meter is mandatory. This device also needs to be fitted with
option R&S®NRP-B1, a 50 MHz test generator, so that a quick check of the sensors can be performed
before calibration is started In order for the R&S®Recal+ calibration software to function properly, the
appropriate firmware version must be installed in the R&S®NRP2. The firmware must be replaced if the
displayed version number is less than the 07.11.

Table 2-15 Ordering information for the R&S®NRP2 power meter

Type R&S®NRP2 Option: R&S®NRP-B7 | Option: R&S®NRP-B2 | Option: R&S®NRP-B5
Base unit Sensor check source 2nd sensor input (B) 3" and 4th sensor in-
puts (C,D)
Material number 1144.1374.02 1144.1000.02 1146.8801.02 1146.9608.02

R&S®NRVD Dual-Channel Power Meter

For_calibration of sensors in the R&S®NRV-Z and R&SPURV5-Z series, a base unit of the type
R&S® NRVD is required (see Operation of the R&S®NRVC Calibration Kit).
The R&S®NRVD Dual-Channel Power Meter is a discontinued product.
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Devices for the R&S®NRVC Calibration Kit

R&S®NRVD Dual-Channel Power Meter
The R&S®NRVD Dual-Channel Power Meter is a discontinued product.

For opera’uon of the R&S®Recal+ calibration software in conjunction with an NRVC cal|brat|on Kit, an
R&S®NRVD dual- channel power meter is mandatory. It allows connection of the R&S®NRVC power
standard and the R&S®NRVC-B2 linearity standard. The most recent calibration of the instrument
should have been within the last 12 months. For calibration of the R&S®NRVD, the R&S®NRVD-S1 ser-
vice kit is available. It allows complete calibration in only a few minutes in conjunction with a DC voltage
calibrator.

If both absolute accuracy and linearity need to be calibrated, a second R&S®NRVD is highly recom-
mended. A DUT from the R&S®NRV-Z or R&SPURV5-Z family is ,then connected to the first
R&S®NRVD, and the reference sensors are operated on the second R&S®NRVD.

Note: Since the R&S°NRVD power meter must also accommodate one of the two reference sen-
sors, it is highly recommended When calibrating sensors in the R&S®NRV-Z or R&S®URV5-
Z series to use a second R&S®NRVD. In this manner, it is not necessary to change sen-
sors and to wait until the new sensor attains normal operating temperature.

R&S®NRP2 Base Unit

In order to calibrate sensors in the R&S®NRP-Z and R&S FSH-Z series, an R&S®NRP2 power meter
with two channels is mandatory. In order for the R&S®Recal+ callbratlon software to function properly,
the appropriate firmware version must be installed in the R&S ®NRP2. The firmware must be replaced if
the displayed version number is less than the 07.11.

For further details, see the relevant section under Operation of the R&S®NRPC Calibration Kit.

Operation of the R&S®NRVC-B2 Calibration Kit

Generator for Calibration of Linearity

The R&S®NRVC-B2 accessory set allows linearity measurements for all DUTs that are calibrated at
50 MHz (Table 1-4 to Table 1-7). Two types of generators are supported for these measurements: The
R&S®SMGL power signal generator and the HP8116A function generator. Unfortunately, however nei-
ther of these generators is available any more. There are no restrictions on the use of the R&S®SMGL.
However, with earlier HP8116A models, communications problems may occur on the IEC/IEEE bus.
Tests should be performed to verify that the device is operating correctly. Malfunctlons on the IEC/IEEE
bus are not likely to impair measurement accuracy. For calibration of the R&S®NRP-Z and R&S®FSH-Z
sensors, the HP8116A function generator does not quite reach 23 dBm, which is the upper power limit
of the diode sensors; instead, it typically reaches only approx. 21 dBm. However, this is sufficient since
only a check is being performed.
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Power Calibration with the R&S®NRPC18 Calibration Kit

Fig. 2-6 to Fig. 2-14 show the measurement setups used for calibration of absolute accuracy with the
R&S®NRPC18 calibration kit.

R&S®NRP Sensors up to 18 GHz

{7 <[EC 625> IEEilss i}

Lob

|
|
Generator

[ =]

Fig. 2-6

Measurement setup for calibrat-
DUT ing agsolute accuracy for the
R&S“NRP power meter family.

e For the R&S®NRPxxS/SN power sensors an R&S®NRP-ZK6 interface cable as well as an
R&S®NRP2 power meter is mandatory
Depending on the generator used, an adapter for connecting the RF cable may be required
For calibration in conjunction with the R&S®NRVC calibration kit a base unit of the type
R&S®NRVD is required.

R&S®FSH-Z1, -Z18

Lob

T
Generator —

Adapter

l

Fig. 2-7

Measurement setup for calibrat-
ing absolute accuracy for the
but R&S®FSH-Z1, -Z18.

e Adapter cable is necessary for connecting the sensor to the R&S®NRP2

e Depending on the generator used, an adapter for connecting the RF cable may be required

e For calibration in conjunction with the R&S®NRVC calibration kit a base unit of the type
R&S®NRVD is required.
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R&S®NRV-Z2, -Z5, -Z8, -Z51

|
|
Generator

Fig. 2-8

Measurement setup for calibrating
absolute accuracy for the
R&S®NRV-22, -Z5, -Z8, -Z51.

e Depending on the generator used, an adapter for connecting the RF cable may be required

e The R&S®NRPC18 with the power standard must be configured as Meter2 in the Meter dialog
box

R&S®NRV-Z32

|
|
Generator

Fig. 2-9

Measurement setup for calibrating
absolute accuracy for the
R&S®NRV-Z32.

DUT

e The sensor is tested with the corresponding attenuator
e Depending on the generator used, an adapter for connecting the RF cable may be required

e The R&S®NRPC18 with the power standard must be configured as Meter2 in the Meter dialog
box
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R&S®NRV-Z33, -Z53, -Z54

A
v
e
oo
oo

|
Generator -
Adapter

Fig. 2-10

DUT Measurement setup for calibrating
absolute accuracy for the
R&S®NRV-Z33, -253, -Z54.

e The sensor is tested with the corresponding attenuator
e Depending on the generator used, an adapter for connecting the RF cable may be required

e The R&S®NRPC18 with the power standard must be configured as Meter2 in the Meter dialog
box

R&S®NRV-21, -Z4, -Z7, -Z31

< > 488

|
Generator -
Adapt E’
LN
RF cable
NRPC18
20dB  DUT Fig. 2-11
Attenuator Measurement setup for calibrating

absolute accuracy for the
R&S®NRV-Z1, -Z4, -Z7, -Z31.

e Reference attenuator (2) is to be connected to the output of the power standard
Depending on the generator used, an adapter for connecting the RF cable may be required
The R&S®NRPC18 with the power standard must be configured as Meter2 in the Meter dialog
box
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R&S®URV5-Z2

M
v
.
oo
oo

Genlerator -
Adapt

(J== Termination

20dB puT Fig. 2-12

Attenuator Measurement setup for calibrating
absolute accuracy for the
R&S®URV5-22.

e Reference attenuator (@) is to be connected to the output of the power standard
e The sensor must be terminated with precision termination (&)
e The R&S®NRPC18 with the power standard must be configured as Meter2 in the Meter dialog

box
R&S®URV5-Z4
< > 488 &
|
Genlerator

Fig. 2-13

DuTt Measurement setup for calibrating
absolute accuracy for the
R&S®URV5-Z4.

e Depending on the generator used, an adapter for connecting the RF cable may be required

e The R&S®NRPC18 with the power standard must be configured as Meter2 in the Meter dialog
box
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R&S®URV5-27

M
v
.
oo
oo

|
|
Generator

20 dB DUT Fig. 2-14
Attenuator Measurement setup for calibrating

absolute accuracy for the
R&S®URV5-Z7.

e Reference attenuator (@) is to be connected to the output of the power standard

e The sensor must be connected via a 50 Q adapter R&SPURV-Z50

e The adagter for adapting the 50 Q adapter to the reference attenuator has been included with
the R&S NRVC calibration kit since 1999
Depending on the generator used, an adapter for connecting the RF cable may be required
The R&S®NRPC18 with the power standard must be configured as Meter2 in the Meter dialog

box
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Power Calibration with the R&S®NRPC33 Calibration Kit

Fig. 2-15 to Fig. 2-17 show the measurement setups used for calibration of absolute accuracy with the
R&S®NRPC33 calibration kit.

R&S®NRP Sensors up to 33 GHz

! <|EC 625> |[EEE 488 |

NRP2

[ =]

LN

Fig. 2-15

Measurement setup for calibrat-
ing absolute accuracy for the
R&S®NRP power meter family.

e For the R&S®NRPxxS/SN power sensors an R&S®NRP-ZK6 interface cable as well as an
R&S®NRP2 power meter is mandatory
e Depending on the generator used, an adapter for connecting the RF cable may be required

R&S®NRV-Z52

Fig. 2-16

Measurement setup for calibrat-
ing absolute accuracy for the
R&S®NRV-Z52.

e The R&S®NRP2 with the power standard must be configured as Meter2 in the Meter dialog box
e Depending on the generator used, an adapter for connecting the RF cable may be required
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R&S®NRV-Z6

|
Generator -
Adapter

Fig. 2-17

Measurement setup for calibrat-
ing absolute accuracy for the
R&S®NRV-Z6.

e Reference attenuator (2) is to be connected to the output of the power standard

e The R&S®NRP2 with the power standard must be configured as Meter2 in the Meter dialog box
e Depending on the generator used, an adapter for connecting the RF cable may be required
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Power Calibration with the R&S®NRPC40 Calibration Kit

Fig. 2-18 to Fig. 2-20 show the measurement setups used for calibration of absolute accuracy with the
R&S®NRPC40 calibration kit.

R&S®NRP Sensors up to 40 GHz

Generator -
Adapter

NRP2

RF cable

NRPC40

Fig. 2-18

Measurement setup for calibrat-
ing absolute accuracy for the
R&S®NRP power meter family.

e Depending on the generator used, an adapter for connecting the RF cable may be required

R&S®NRV-Z55

Fig. 2-19

Measurement setup for calibrat-
ing absolute accuracy for the
R&S®NRV-Z55.

e The R&S®NRP2 with the power standard must be configured as Meter2 in the Meter dialog box
e Depending on the generator used, an adapter for connecting the RF cable may be required
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R&S®NRV-Z15

|
Generator -
Adapter

Fig. 2-20

Measurement setup for calibrat-
ing absolute accuracy for the
R&S®NRV-Z15.

e Reference attenuator (2) is to be connected to the output of the power standard

e The R&S®NRP2 with the power standard must be configured as Meter2 in the Meter dialog box
Depending on the generator used, an adapter for connecting the RF cable may be required
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Power Calibration with the R&S®NRPC50 Calibration Kit

Fig. 2-21 shows the measurement setup used for calibration of absolute accuracy with the
R&S®NRPC50 calibration kit.

R&S®NRP Sensors up to 50 GHz

{7 <[EC 625> IEE@B G

Fig. 2-21

Measurement setup for calibrat-
ing absolute accuracy for the
R&S®NRP power meter family.

e Depending on the generator used, an adapter for connecting the RF cable may be required
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Linearity Calibration with the R&S®NRVC-B2 Option

Fig. 2-22 to Fig. 2-28 show the measurement setups used for calibration of linearity with the
R&S®NRVC-B2 accessory set.

When linearity is checked, the relative change in the power reading of the DUT is measured as a func-
tion of the input power based on the reference power used in the calibration of absolute accuracy. The
test frequency is always 50 MHz; a specially calibrated coaxial voltage sensor (1) is used as the linearity
standard.

R&S®NRP Sensors

<IEC 625> |EEE 488 U

SMGL (HP8116A) NRP2 C =]

Terﬁ;lination NRVC Power
B2 Splitter Fig. 2-22
Measurement setu% for linearity
calibration for R&S“NRP power
meter family.

e For the R&S®NRPxxS/SN power sensors an R&S®NRP-ZK6 interface cable as well as an
R&S®NRP2 power meter is mandatory

e Connection of DUT to the R&S®NRP2

e To allow connection of DUTs with 3.5 mm or 2.92 mm connectors, the R&S®NRPC33 and
R&S®NRPC40 calibration kits include adapter ®

e To allow connection of DUTs with a 2.4 mm connector, the R&S®NRPC50 calibration kit includes
adapter@

e The R&S®NRVD with the linearity standard must be configured as Meter2 in the Meter dialog
box

e |If the HP8116A is used, adapter (5 is required in order to connect the RF cable. In this setup,
the power of the HP8116A function generator does not quite reach 23 dBm, which is the upper
power limit of the diode sensors; instead, it typically reaches only approx. 21 dBm. However, this
is sufficient since only a check is being performed
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R&S®FSH-z1, -Z18

<IEC 625> |EEE 488

o}
| o)
SMGL (HP8116A) , NRVD NRP2
Y AN
Filter
Terﬁ;lination NRVC Power DUT
B2 Splitter Fig. 2-23

Measurement setup for calibrat-
ing linearity for the R&S®FSH-
Z1,-218.

e Connection of the sensor to the R&S®NRP2 requires adapter cable 0. As of 2004, this cable is
included with the R&S®NRVC. For devices shipped before 2004, this cable is available as spare
part no. 1155.4940.00

e The R&S®NRVD with the power standard must be configured as Meter2 in the Meter dialog box

¢ In this setup, the power of the HP8116A function generator does not quite reach 23 dBm, which
is the upper power limit of the diode sensors; instead, it typically reaches only approx. 21 dBm.
However, this is sufficient since only a check is being performed

R&S®NRV-21, -Z4, -Z7, -Z31, -Z51, -252, -Z55

<IEC 625> IEEE 468 &
S

| P ﬂ
Adapter

Termination Fig. 2-24
Measurement setup for calibrating
SOT linearity for the R&S®NRV-Z1, -Z4,

Power Splitter -Z7,-Z15, -Z31, -Z51, -Z52, -Z55.

e To allow connection of DUTs with 3.5 mm or 2.92 mm connectors, the R&S®NRPC33 and
R&S®NRPC40 calibration kits include adapter ®

e |If the HP8116A is used, adapter (5 is required in order to connect the RF cable. In this setup,
the power of the HP8116A function generator does not quite reach 23 dBm, which is the upper
power limit of the diode sensors; instead, it typically reaches only approx. 21 dBm. However, this
is sufficient since only a check is being performed
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R&S®NRV-Z32, -Z33, -Z53, -Z54

<IEC 625> IEEE 488 0
N7

| B I
SMGL (HP8116A NRVD
( ) Adapter

Cahle

Fig. 2-25

........................................... Measurement setup for calibrating
linearity for the R&S®NRV-Z33, -
Z53, -Z54.

Termination

Power Splitter

e The sensor must be connected to the power splitter without an attenuator connected
e Ifthe HP8116A is used, adapter (5 is required in order to connect the RF cable

R&S®NRV-Z2, -Z5, -Z8

<IEC 625> IEEE 488 0
N7

SMGL (HP81164)

Adapter DUT Fig. 2-26

Measurement setup for calibrating
linearity for the R&S®NRV-22, -Z5,
-Z8.

e Connect the sensor via adapter (9 to the linearity standard
e Ifthe HP8116A is used, adapter (5 is required in order to connect the RF cable
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R&S®URV5-27

<IEC 625> IEEE 468 O
7

Fig. 2-27
Measurement setup for calibrating
linearity for the R&SPURV5-Z7.

e A BNC feed-through adapter (part of the R&SPURV-Z6 accessory set) is required for adapting
the RF probe

e The sensor is open-circuited on the output side, i.e. it is operated without being terminated
e Ifthe HP8116A is used, adapter (5 is required in order to connect the RF cable

R&S®URV5-22, -Z4

<IEC 625> IEEE 488 0
N7

Adapter DUT Fig. 2-28

Measurement setup for calibrating
linearity for the R&S®URV5-22, -
Z4.

e The sensor must be connected with the linearity standard via adapter Ge) in all cases. A direct
connection via the sensor's female connector is not permitted

e The sensor is open-circuited on the output side, i.e. it is operated without being terminated
e Ifthe HP8116A is used, adapter (5 is required in order to connect the RF cable
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3 Sensor Calibration

Preparation

Installing the R&S®Recal+ Calibration Software on the Hard Disk

The R&S®Recal+ software for the R&S®NRPC (R&S®NRVC) calibration kits is on the program CD
and must be installed on the controller’s hard disk before the calibration kit is used for the first time. In-
stallation is handled on an interactive basis by executing RECAL+ <*>.exe (e.g. RECAL+ 3.03.00.exe).
The Recal+ program group and the corresponding directory structure will be created automatically.

As part of the installation process, the software prompts for the calibration data for the R&S®NRVC cali-
bration kit. If an R&S®NRVC calibration kit is present, it is possible to insert the CD-ROM with the cali-
bration data () and select the Calibration Data directory on the data CD-ROM. However, it is also pos-
sible to retransfer or modify any of calibration data at a later point in time.

When using the R&S®NRPC calibration kit, this step can be skipped using "Cancel".

Installing the R&S®ZVX_RECAL Additional Program on the Hard Disk

The R&S®ZVX_RECAL additional program allows reflection measurements under program control us-
ing the R&S®Recal+ software in conjunction with selected network analyzers from Rohde & Schwarz. It
is also found on CD-ROM (3. Installation is handled interactively by executing the file setup.exe. After
the program is successfully installed, the dialog box Measurement with NRVC/NRPC (after pressing
the button ) should have the Reflection / S Parameter tab (Fig. 6-2). From there, the network ana-
lyzer and DUT are selected and the test program is launched.
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Starting the Calibration Software
» Start the calibration software by double-clicking the following icon

Sensor Calibration
Version 3.03

on the desktop or the entry in the corresponding program group in the Windows Start menu.

Comprehensive help texts and a context-sensitive help function are provided for all important functions.
They can be called by selecting the Help button. The information that is given supplements this manual
which provides only a set of practical instructions for performing a calibration procedure without going
into detail about the calibration software itself.

RECAL+ Sensor Calibration % @

'.6.' Some variables are not defined yet,

for proper operation you may define it now!

When R&S®Recal+ is called for the first time, some variables are not yet defined. Accordingly, follow the
prompt to enter the name and address of the calibration laboratory, initialize the measuring equipment,
etc. The required steps are described in detail in the sections below. All entries are stored in the re-
cal32.ini initialization file in the Windows directory and are applied automatically when R&S®Recal+ is
called again. They can be updated when necessary by using the Options... menu.
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Entering the Name and Address of the Calibration Laboratory

General Sensor Data
Entries for storage in zensor EPROM

Calibration Labaratary RS Service |ﬂ|

Person responsible Patrick McMeal - —
| Hep |

Entries for uge with repart printouts

Company & Address R&S International Service 25

R ohde-und-5chwarz-5tr. 1

27700 Memmingen
Calibration D ate 20150327 [2015-03-27)
Saftware Yersion 302 [3.02)

> Enter the required information in the General Sensor Data dialog box:
¢ Name of the calibration laboratory (max. 20 characters)

¢ Name of the person carrying out the calibration: Up to 5 persons (max. 20 characters per entry).
To enter a new name, mark the name currently displayed, overwrite it and complete the entry by
pressing the Enter key. Use the Delete button to delete individual names

¢ Name of the company to which the calibration laboratory belongs (max. 40 characters)
e Company address (max. 40 characters)

> Press the OK button. For subsequent modifications, use the General Sensor Data... dialog box in
the Options menu

Defining Directories

After correct installation, the subdirectories shown below should have been created. Confirm the set-
tings by pressing the OK button or select other subdirectories by using the Browse... buttons.

Press the OK button. For subsequent modifications, use the Directories... dialog box in the Options
menu.
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R&S NRPC /NRVC

Selection of directories

Epram Data Directary | Find. .. | | Browse. . |

C:AProgramD atatRohde-S chwarzyA ecal+\eprom. dat

C:vProgramD atatRohde-5 chwarzW R ecal+\meazune. dat

Werification Drata Directony | Find... | | Browee. .. |

C:vProgramD atatRohde-5 chwarzWA ecal+\verification. dat

Default/Configuration Data Directory Browse. ..

C:AProgramDatatRohde-S chwarzy A ecal+\config32.dat

Update Additional Data for the R&S®NRVC Calibration Kit

Cancel
Test/Meazurement Data Directary |Fir'u:1...| | Browee. .. | Help

The R&S®NRVC calibration kit requires additional data that is saved on the CD-ROM with the calibration
data (9) . After the al... and af... files have been copied from the CD-ROM, the message To update ad-
ditional data...indicates that these files have to be activated explicitly by initializing the R&S®NRVD (see

Initializing the R&S®NRVD in the next section).

RECAL+ Sensor Calibration @ @

To update additicnal data for the used references,

plug them into the corresponding rmeter
(MRVC->MRVD,NRP Cxy-> NRP,

initialize the device
and update the data for the references

in the "Add, data" dialeg !

» Press the OK button to confirm the request
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Initializing the Measuring Equipment

All remote-controlled measuring devices (the R&S®NRVD, R&S®NRP2, generator for calibration of ab-
solute accuracy, generator for linearization and vector network analyzer) must be initialized before any
measurements are made.

» Connect these devices via the IEC/IEEE bus to the controller and switch them on

Configuration of Power Meters with the R&S®NRPC Calibration Kit

Operating an R&S®NRPC calibration kit requires at least one R&S®NRP2 base unit to which the power
standard and sensors in the R&S®NRP-Z and R&S®FSH-Z families can be connected. For calibration of
sensors in the R&S®NRV-Z and R&S®URV5-Z series, an R&S®NRVD base unit is also necessary.
Overall, two base units can be controlled: a basic power meter for connecting to the DUT and an
R&S®NRP2 for connecting to one or up to four power standards from the R&S®NRPC calibration kits.
The following tables show the possible combinations:

Basic power meter Meter2
R&S®NRP2 R&S®NRP2
A/B AIB/CID
DUT (R&S®NRP-Z / R&S®FSH-Z) Up to four R&S®NRPC"
Basic power meter Meter2
R&S®NRVD R&S®NPR2
A/B AIB/CI/D
DUT (R&S®NRV-Z / R&SPURV5-2) Up to four R&S®NRPC"

Y The configuration of Meter2 depends on how many channels the R&S®NRP2 are fitted with.

Basic power meter
R&S®NRP2
A(B) B(A)

R&S®NRPC DUT
(R&S®NRP-Z
R&S®FSH-2)

> Regardless of the selected combination, the R&S®NRPC reinitializes prior to calibration of a sensor.
After pressing the Add data ... (Fig. 3-1) button, information is provided for each R&S®NRPC that
was used in the last calibration. After changing the power standard, this information is not updated

immediately. Instead, it is updated after launching a new measurement (button ).
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Initializing the R&S®NRP2

» In the Options menu, open the Remote Devices... dialog
» Select the Meter tab

> Press the Search NRP button within the Basic Power Meter panel. The calibration software now
searches for an R&S®NRP2 device from among the devices that are connected to the IEC/IEEE bus.
If the search is successful, the address of the device is displayed in the address field. Press the
Search NRP key again if a second R&S®NRP2 was found which should not be used as the basic
power meter

> Press the Initialize button
> The calibration software initializes the R&S®NRP2 that was found at the specified address

> If a second R&S®NRP2 is available, press the Use Meter 2 button and proceed accordingly

Note: Meter2 is to be used exclusively to connect the standards during measurements!
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Configuration of Power Meters with the R&S®NRVC Calibration Kit

Operating an R&S®NRVC calibration kit requires at Ieast one R&S®NRVD base unit to which the power
standard, linearity standard and sensors from the R&S®NRV-Z and R&S®URV5-Z fam|I|es can be con-
nected. For calibration of sensors in the R&S®NRP-Z and R&S FSH-Z series, an R&S®NRP2 power
meter is also necessary. For calibration of sensors in the R&S®NRV-Z and R&S®URV5-Z series, it is
recommended to connect a second R&S®NRVD base unit. A total of two base units can be used, i.e. a
"basic power meter" for handling the DUT and a "Meter2" for handling the two standards. The following

tables show the possible combinations:

Basic power meter Meter2
R&S®NRP2 R&S®NRVD
AlB AlB
DUT (R&S®NRP-Z / R&S®FSH-Z) R&S®NRVC R&S®NRVC-B2

(R&S®NRVC-B2) (R&S®NRVC)

Basic power meter Meter2
R&S®NRVD R&S®NRVD
AlB AlB
DUT (R&S®NRV-Z / R&SPURV5-2) R&S®NRVC R&S®NRVC-B2

(R&S®NRVC-B2) (R&S®NRVC)

Basic power meter
R&S®NRVD
A(B) B(A)

R&S®NRVC DUT
or (R&S®NRV z
R&S®NRVC-B2 R&S®URV5-2)

» In the case of an initial installation or after a recalibration, always define the/an R&S®NRVD as the
"basic power meter" in order to initialize the power standard and linearity standard (see following sec-

tion)
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Initializing the R&S®NRVD

> In the Options menu, open the Remote Devices... dialog box
» Select the Meter tab

» Press the Search NRVD button within the Basic Power Meter panel. The calibration software now
searches for an R&S®NRVD device from among the devices that are connected to the IEC/IEEE bus.
If the search is successful, the address of the device is displayed in the address field. If necessary,
press the Search NRVD button again to find a second R&S®NRVD base unit. Note: If you already
know the IEC/IEEE bus address of the required device, the search is not necessary and you can sim-
ply enter the address

» Press the Initialize button.
The calibration software initializes the R&S®NRVD that was found at the specified address

» In the case of an initial installation or after a recalibration, the power standard and the Iineari(téy stan-
dard are to be connected to the two measurement channels of this R&S®NRVD. The R&S®NRVD
should then identify the two sensors and make the necessary entries in the Channel A and Channel
B boxes (Fig. 3-1)

» Press the Add data ... button and enter the calibration expiry date and the Certificate No. for the
addressed R&S®NRVD
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Fig. 3-1

and the two standards

Dialog boxes for initializing the R&S®NRVD

Initialization Remote devices % @ Additional data @ @
Meter (Generator MNRWVD
Expiry date of calibration and related certificate Mo,
Inttializing Power Meter
eqg. 1933-03 2505
Baaclaviaey Certficate Mo, 0145-DK-15135-01-00-201 405
Address 20 2 NRVD 842316/030
Search NRVD
— POWER STANDARD LINEARITY STANDARD
NRVC (Power Std) NRVC-B2 (Linearity Std) NRVD T Expiry date of calibration and related certificate No.
Channel A Channel B Add. data... NRVC 11204 NRvCE2 827107010
2507 201509 Update
Use Meter 2 0489-0-K-15195-01-00-2014-07  0322-D-K-15195-01-00-2014-09
NRPC18
not applicable
NRPC33
not applicable
NRPC40 Please note :
Close | | Help not applicable Update of
MRPCxx data only
after measurement
NEFCSQ haz been set up
not applicable
Cancel | [ u]:

» Press the two Update buttons (if available). The expiry date and the certificate number specified in
the copied af... and al... files for the power standard and the linearity standard are then entered. Note:
The Update buttons appear only if the data stored in the af... and al... files differs from that in the re-

cal.ini file
» Press the OK button

> If a second R&S®NRVD is available, press the Use Meter 2 button and proceed accordingly

> If an R&S®NRP2 base unit is connected to the measurement setup, select type NRP from within the
Basic Power Meter panel and then press the Search NRP button first and then the Initialize button.
Now, initialize the R&S®NRVD base unit connected to the setup as "Meter2"

Note:

Meter2 is to be used exclusively to connect the standards during measurements!
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Installing the remaining components of the R&S®NRVC or R&S®NRVC-B2

The reference attenuator, precision termination, power splitter G2 and harmonics filter (3) are also cali-
brated components of the R&S®NRVC calibration kit. In the calibration reports, they can be found under
the section Working Standards Used. Thus, it is necessary to ensure that exactly the specified devices

are used.
Attenuator (NRVC) == 50 OHM Termination = ==
M anufacturer / Mame RohdetS chwarz Manufacturer / Mame RohdedSchwarz
Serial Mo 827239.010 Seral No. 927239.070
E xpiry date of calibration 2015-06-05 Ewpiry date of calibration 2015-06-05

Certificate Mo.

file selection

0444-D-K-15795-01-00-2014-02

|AP[NHVE.DD2]82?1 07.mo -

1109.0930.32 - 08

Certificate No. 0442-0-K-15195-01-00-2014-02 Certificate Mo, 0443-0-K-15195-01-00-201 4.02
Mominal value [dB] 20,00
file selection
file selection | ZZ[NRYC.002)827239.010 A
|AT[NHVC.DD2]82?239.D1 1} -
Power Splitter @ @ 50 MHz Harmenic Filter % @
Manufacturer / Mame RohdetSchwarz M anufacturer / Hame FohdetSchwarz
Serial Mo, 827107.010 Serial No. 827107.010
Expiry date of calibration 2015-08-05 E=piry date of calibration 2015-06-05

Certificate Mo. 0444-D-K.-15195-01-00-2014-02
file selection
| AHMRYC.002)827107.010 -
47
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The corresponding calibration data is stored on the CD-ROM with calibration data in ASCII files under
the following names:

e at(NRVC.002)< xxxxxx>.<yyyr > Reference attenuator

e zZ(NRVC.002)< xxxxxX>.<yyyr > Precision termination

o ap(NRVC.002)< xxxxxx>.<yyyr > Power splitter

e ah(NRVC.002)< xxxxxx>.<yyyr > 50 MHz harmonics filter

To enable the R&S®Recal+ calibration software to access these files, they were copied to the directory
...\recal\config32.dat along with the other files (see section Defining Directories, page 40).

» Check the serial numbers of the components to be initialized to ensure that they match the file
names: In the case of items with a new Rohde & Schwarz serial number, this number must be identi-
cal to <xxxxxx>. In this case, <yyy> is irrelevant. In the case of items with an old R&S® serial number,
this number must be identical to <xxxxxx.yyy>

» If only one attenuator is to be used during operation, uncheck the "Confirm before each measure-
ment" check box in the Attenuator dialog box. Otherwise, the software will prompt you for confirmation
prior to each measurement that requires an attenuator. If more than one attenuator is to be used, the
check box needs to remain selected to ensure that the appropriate file can be selected prior to each
measurement

The dialogs can be examined at any time by opening them from the Options menu.
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Initializing the Generators

> In the Options menu, open the Remote Devices... dialog box
> Select the Generator tab
» Select the type to be used in the Generator (for absolute accuracy measurement) panel

> Press the Search Generator, Initialize and Add data... buttons to initialize the generator and enter
the calibration expiry date and the calibration certificate number. The serial number must also be en-
tered in the case of some older generators. The procedure is the same as that for initializing the
R&S®NRVD (see above)

Note: If multlp/e generators for calibrating absolute accuracy are connected at the same time, e.qg.
an R&S®SMA100A-B106 and an R&S®SMF100A-B144, only one of the devices can be ini-
tialized. If the generator is replaced, reinitialization is necessary. The previously assigned
IEC/IEEE bus address will automatically be suggested.

In the Generator (for linearity measurement) panel, press the Search Generator, Initialize and Add
data... buttons in that order and enter the calibration expiry date and the calibration certificate number
(see above).

» Press the CIose button. All entries are then stored in the recal32.ini file and can be automatically
used by R&S®Recal+ when the software is accessed again. For subsequent modifications, use the
Remote Devices... dialog box in the Options menu

Initializing Network Analyzers

> In the Options menu, open the Remote Devices... dialog box
> Select the Network Analyzer tab
» Select the type that is used

> Press the Search Analyzer, Initialize and Add data... buttons to initialize the vector network ana-
lyzer and enter the calibration expiry date and the calibration certificate number. The procedure is the
same as that for initializing the R&S®NRVD (see above)

> Press the Close button. All entries are then stored in the recal32.ini file and can be automatically
used by R&S®Recal+ when the software is accessed again. For subsequent modifications, use the
Remote Devices... dialog box in the Options menu

Note: In order for the Network Analyzer tab to appear, the additional program ZVX_ RECAL must
be installed.
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Performing the Calibration

A power or voltage sensor is calibrated in several phases that are shown in Table 3-1 in the appropriate
order. After the incoming inspection, calibration of the incoming condition is performed for the matching,
absolute accuracy and linearity. The software checks the resulting data for compliance with the appro-
priate tolerance limits. For sensors whose correction factor set can be refreshed, this data forms the ba-
sis for a new correction factor set.

As the next step, an initial report can be generated with the Calibration Report (Incoming). This doc-
umentation should be prepared as a rule for all sensors whose correction factor set (EPROM file) can-
not be overwritten, e.g. for all voltage sensors in the R&S®URV5-Z series. For these sensors, the cali-
bration process is also generally complete once the Calibration Report (Incoming) is generated. DUTs
that exceed the tolerance limits must be sent to the manufacturer for repair.

In the case of sensors whose correction factor set can be overwritten (i.e. almost all of the power sen-
sors), reporting of the incoming condition is necessary only if the DUT exhibited non-compliance with the
relevant specifications. If the measurement errors are so large that the device is clearly damaged or
subject to unnatural premature ageing, the DUT must also be sent for repair. Otherwise, the correction fac-
tor set may be overwritten.

The new correction factor set is obtained from the measurement results gathered during the incoming
test and the saved correction factors. Overwriting the data memory with this data ensures that the DUT
uncertainty during subsequent usage is only slightly larger than the uncertainty of the calibration. In or-
der to verify this, the absolute accuracy is generally tested once again after the data memory is re-
freshed. For some sensors, this also includes a check of the linearity (with the modified correction fac-
tors). The measurement results are documented with the Calibration Report. Archival of all relevant data
represents the completion of the calibration cycle.

The sequence of calibration steps suggested in Table 3-1 is not mandatory when using the
R&S®Recal+ calibration software, i.e. users are free to create a calibration cycle that best meets their
requirements. For example, they can choose to omit documentation, repeat measurements several
times or omit individual calibration steps (e.g. linearization or matching). On the other hand, it is not pos-
sible to select meaningless combinations such as calculating a new EPROM file without measurement
data. The following sections explain each of the calibration steps in detail.

Table 3-1 Overview of a complete calibration cycle
Phase Section Comments
| Preparation Incoming inspection

Checking matching

Il Checking linearity

Calibration on delivery Checking absolute accuracy

Measuring the attenuator, if relevant On ext. meas. setup (only for the
R&S®NRP-222/23/24/92)

] Documentation of calibration Generating the calibration report
(incoming)
v Refreshing the data memory Calculating a new EPROM file
Overwriting the data memory
v Outgoing calibration Checking absolute accuracy tOnIy ienso[)s whose _c;?rrection fac-
[Checking linearity] or set can be overwritten
Vi Documentation of calibration Generating the calibration report
VII Archiving Archiving
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Important: e The ambient temperature during calibration should be 23 °C. Deviations of (-3/+2) °C maxi-
mum are permissible, but should be avoided if possible. Larger temperature deviations may
cause the measurement uncertainties specified for the R&S®NRVC and R&S®NRPC calibra-
tion kits to be exceeded

o Allow the test setup to warm up for at least one hour prior to calibration

o After the power standard and linearity standard are connected to the base unit, allow them
to warm up for at least one hour

e Sensors in the R&S®URV5-Z and R&S®NRV series must be allowed a few minutes to obtain
normal operating temperature after insertion into the R&S®NRVD base unit. Due to their
higher self-warming, power sensors in the R&S®NRP-Z and R&S®FSH-Z series require
about 30 minutes to warm up on an R&S®NRP2 base unit or PC
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Incoming Inspection

To prevent measurement errors during calibration as a result of soiled, worn or loose RF connectors
and cabling that has sustained wear and tear, the DUT should be examined closely by performing a few
simple inspections and tests before the main measurements are performed. This also prevents any po-
tential damage to the calibration kit:

» Inspect the sensor cable for external damage and verify that it is properly connected to the sensor
and data memory

Clean the RF connectors

Check the position of the inner conductor with respect to the reference plane of the RF connector

Connect the DUT to a suitable base unit

vV V V V

Connect the DUT's RF interface to the test generator and make sure there is a good connection be-
tween the connector and the sensor casing

\4

Power on the test generator. The power reading must be stable even if the sensor cable is moved or
the sensor casing is bent or twisted slightly

Only for sensors in the R&S®NRP-Z or R&S®FSH-Z series:

> Launch the R&S®Recal+ software and initialize the base unit as a basic power meter

» Press the button in the toolbar and open the NRP Sensor Test tab

» Select the DUT and perform the built-in self-test by pressing the Execute Test button. The test re-
sults consist of a global "SUCCESSFUL / FAILED" assessment along with individual test results

Measurement with RECAL+ E E

| Absolute Accuracy I Linearity I Meter I Generator | MRP Sensor Test |
Basic Power Meter
© Channel A [ NRP-Z51 | | 04084 | | 1138000503 |
() Channel B | Mo sensor | | | | |

Fig. 3-2 NRP Sensor Test tab with measurement results
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Checking the Matching

The DUT's matching is measured with the aid of a vector network analyzer. The required steps are de-
scribed under Measurements on a Separate Measurement Setup in the Matching section of the appen-
dix.

If it is necessary to measure the absolute accuracy with gamma correction, the DUT's reflection data
must be determined beforehand and saved in the directory
...\recal\measure.dat . Otherwise, the gamma correction function cannot be activated.

Checking the Linearity

Measurement with RECAL+ % @
Absolute Accuracy Linearty Meter (Generator MRP Sensor Test
@ Channel A NRP-Z51 104094 1138.0005.03
Channel B Mo sensor
1.0

Meas. File
0.5 LM(NRP-Z51.003)
Data set — 104054
® =

Clea g 0.0
—_— 1]

MNumeric T; Measurement
Diagram B s s o s s S o o 0 W s E  ENDiE

Resolution -1.0 ; ; ; e ; e
Pre.(1.00%) = 10 20 30 7.0 20.0 50.0
05107 40 10.0 30.0 700 0.126
Monlinearity of DUT ( Pe /W)
Close | | Help
Fig. 3-3 Linearity tab at the end of a measurement procedure

> Prepare the appropriate test setup for the sensor as described in Fig. 2-22 to Fig. 2-28

> Initialize any measuring devices that have not yet been initialized (Meter or Generator tab)

> Press the button in the toolbar

» Select the Linearity tab

> Select the graphics or numerical display mode for measured values (see below for explanation)
» Press the Start button:

The linearity measurement will now start. Starting from the sensor's specific reference power, the
power applied to the DUT is increased until the nominal power is reached. The relative changes in
power measured by the DUT (voltage changes for the R&SPURV5-Z... sensors) are compared with
the changes measured by the linearity standard and output as linearity errors in %.
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Note: During the linearity measurement on R&S®NRP sensors, the R&S®NRP2 base unit may
generate an overload message at the last level step. It is safe to ignore this message.

» Check whether the measured errors are within the tolerance band in the graphical display

» Press the Save button to save the measurement results in a file with the specified file name

Note: Only saved measurement results can be output in the calibration report and taken into ac-
count when the data memory contents are recalculated.

Repeating incorrect measurements

Occasionally, a measurement may have to be repeated because, for example, the sensor's RF connec-
tor is loose. In this case, press the Start button to restart the measurement.

Displaying the measurement results on screen

The linearity errors of the DUT can be displayed in graphical or list format. You can toggle between the
two modes by pressing the Numeric (Diagram) button. Graphical displays can be printed out by press-
ing the Print button.

Graphical display (nonlinearity of DUT)

The linearity errors of the DUT are plotted as the Rel. error (%) together with the tolerance band versus
the input power P;j, or the input voltage Vj,. Generally, it can be assumed that a sensor that exceeds the
tolerance limits is defective and must be sent back to Rohde & Schwarz central service for repair. This
applies at least to all sensors for which a correction of the linearity is not possible (see Table 1-4 to
Table 1-7). The measurement points at which the tolerance limits are exceeded are indicated by an
asterisk (*) in the calibration report.

The vertical resolution of the diagram can be set to a customized scaling or via the Resolution control
panel using one of the following four settings: Pre. (x %) / Fine (1 %) / Coarse (50 %) /y %. Pre (x %)
yields the optimum resolution for the sensor (Preset) and y % is the customized scaling last selected.
Customized scaling can be set as follows:

» Move the mouse cursor to the label for the highest value on the scale and wait for the @ symbol to
appear. Then double-click and enter the number needed for this maximum value

To enlarge the graphical display, position the mouse cursor over the diagram, wait for

the symbol to appear and double-click. By clicking the right mouse button, you can
Brint display a contextual menu (figure on left) in the zoomed mode without having to return to

Print Setup. . the normal display (Esc key).

Zoarn auk

Outputting numeric measured values

The list has four columns, namely the index number of the level step (Index), the nominal level step
(Nom. Level in W or V), the value measured for the DUT (Meas. Level in W or V) and the linearity error
of the DUT (Error in %).
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Troubleshooting measurement problems

Problem Cause / = Solution

e The Start button cannot be pressed The I(i)nearity standard and/or DUT are not connected to the R&S®NRVD or
R&SNRP2:

» Check the test setup as shown in Fig. 2-22 to Fig. 2-28
The R&S®NRVD, R&S®NRP2 and/or generator have not been initialized:

» Select the Meter and/or Generator tab and repeat the initialization

e The following error message appears at the The level on the linearity standard and/or DUT is too high/low:
start of or during the measurements: > Check the test setup as shown in Fig. 2-22 to Fig. 2-28
Error detected: » Verify the calibration kit

Measurement out of tolerance (+/- 50%)
Please check your test equipment
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Checking the Absolute Accuracy

Measurement with RECAL+ @ @
FAbsolute Accuracy Linearity Meter Generator MRP Sensor Test
@ Channel A NRP-Z51 104054 1138.0005.03
Channel B No sensor
1.05
Gamma Comection H h . / ! T ] .
actve Wl
i||j:t€fn1j‘aa;|;:;ra 1.03 Meas. File
= FR{NRP-Z51.003)
Data et 1.02 104054
Al - 'E 1.01 Save
Clear E 1.00
: £ 099
Numeric o Measurement
Diagram 0.98 @ 1.0mwW
Prirt Setup. 0.97
Frint 0.96 : : : ' : : :
Resalution 0.95 : ; ; ; ; : ;
Fine (1.05) - 4.0 6.0 8.0 100 120 140
_ 10.010™°
Lin b Meas. deviation of DUT (f/Hz )
| Close | | Help
Fig. 3-4 Absolute Accuracy tab at the end of a measurement sequence.

» If the measurement is to be performed with gamma correction, determine the DUT's reflection data
beforehand and save the data in the ...\recal\measure.dat directory

Prepare the test setup as shown in Fig. 2-6 to Fig. 2-21

Initialize the measuring devices that have not already been initialized (Meter and Generator tabs)
Press the button

Select the Absolute Accuracy tab

Select the measurement channel to which the DUT is connected

If the measurement must be performed with gamma correction for the sake of accuracy (generally
for all thermal sensors in the R&S®NRP-Z series and all sensors with a frequency range of more
than 18 GHz), the corresponding check box must be activated. The measurement can then be
started only if reflection data is available for the DUT in complex notation. Otherwise, an error mes-
sage will appear! In order to still perform a measurement, the check box for gamma correction must
be deactivated by the user. In this case, the software outputs a warning after the measurement is
started. The measurement data generated in this manner may not be used to create a new correc-
tion factor set

If gamma correction is not required for the DUT, the check box is deactivated immediately after
opening the dialog. However, it can be activated to increase the accuracy, but the reflection data for
the DUT must then be available in complex notation.

For the sensors in the R&S®URV5-Z series, gamma correction is not possible in any case.
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» Specify the number of measurement cycles in the control panel on the far right (1x, 2x, 3x, 4x). For
the incoming calibration, at least three cycles should be performed as a basis for recalculating the
correction factors. For the second calibration after the data memory has been overwritten, one
measurement is usually sufficient because the measurement errors are very small

» Select graphical or numeric result display (see explanation below)
> Press the Start 1 button:

The first cycle is started. When measurements are performed with the reference attenuator, the At-
tenuator dialog box may appear shortly after the start. Press the OK button only if you are sure that
the displayed file is the correct one for the attenuator in the measurement setup (file name to the right
of the at header is identical to the serial number of the attenuator).

Otherwise, select the appropriate file from the file selection list. The routine display of the Attenu-
ator dialog box can be suppressed by clearing the Confirm before each measurement check box.

If several measurement cycles are carried out, the following dialog box is displayed after each cycle:

RECAL+ Sensor Calibration @ 3

'.0.' The measurement cycle 1 is finished.
 MNow you may reconnect the senser in a modified position,

Do you wish to continue?

» Undo the RF connector and turn the sensor/attenuator by 90°, 120° or 180° (Fig. 3-5) depending on
the number of cycles. Treat the power attenuator of the R&S®NRV-232/-233/-Z53/-Z54 sensors as
the reference attenuator. Then press the Ja (Yes) button. Once the measurement sequence has
been completed, the averaged power or voltage ratio is displayed as a red line in the diagram

» Press the Save button to save the measurement results in a file with the specified file name

90/120/180 °

KAXH
i
DOCXK)

| ——————

90/120/180 °

s
T
DO

e
O]

Fig. 3-5 Turning the sensor or attenuator before the next measurement cycle.

Note: Only saved measurement results can be output in the calibration report and taken into ac-
count when the data memory contents are recalculated.
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Repeating faulty measurements

Occasionally, a measurement may have to be repeated because, for example, the sensor’'s RF connec-
tor is loose. In this case, mark the faulty cycle in the Data set control panel and press the Clear button.
The associated measurement result display is then removed from the diagram. Then press the Start...
button to repeat the measurement.

Displaying the measurement results on screen

The measurement errors of the DUT can be displayed in graphical or list format. You can toggle be-
tween the two modes by pressing the Numeric (Diagram) button. Graphical displays can be printed out
by pressing the Print button. The data to be displayed can be selected via the "Data Set/Path" control
panel (in the case of the R&S®NRP-Z sensors) or "Data Set" (in all other cases).

Graphical display (Meas. deviation of DUT)

The measurement errors of the DUT are displayed together with the tolerance band as a power ratio
P,,/P,of OF a voltage ratio V,,/V,.f (index m: DUT) versus frequency. The R&S®URV5-22/-Z4/-Z7 and
R&S®NRV-Z31/-232/-Z33 sensors should be considered defective if the tolerance limits are exceeded,
in which case they must be sent back to Rohde & Schwarz central service for repair. Otherwise, a deci-
sion must be made on a case-by-case basis. Out-of-tolerance conditions below 1 GHz often indicate
that the sensor is defective. The measurement points at which the tolerance limits are exceeded are in-
dicated by an asterisk (*) in the calibration report.

Graphical display can be set via the Lin/Log (scale for frequency axis) and Resolution (vertical resolu-
tion) control panels. Vertical resolution can be customized, or one of the following four settings can be
selected - Pre. (x) / Fine (1.05) / Coarse (1.5) / y. The Pre. (x) setting yields the optimum resolution
(Preset) for the sensor and y is the customized scaling last selected.

Customized scaling can be set as follows:

» Move the mouse cursor to the label for the highest value on the scale and wait for the W symbol to
appear. Then double-click and enter the number needed for this maximum value

To enlarge the graphical display, position the mouse cursor over the diagram, wait for

the symbol to appear and double-click. By clicking the right mouse button, you can

Prink display a contextual menu (figure on left) in the zoomed mode without having to return to
Print Setup. .. the normal display (Esc key).
Zoaom auk

Outputting numeric measured values

The list has four columns, namely the index number (Index) of the frequency point, the frequency (Fre-
quency), the power ratio P, /P,.; Or the voltage ratio V,/V,es (Factor) and the measured value for the
power standard (Level). The values that are output are for the current measurement.

Usage of torque wrenches

All of the R&S®NRPC calibration kits include an appropriate torque wrench for the given connector type.
The torque is set to ensure a dependable connection and also to prevent wear and tear. Experience has
shown that trained personnel can obtain the same reproducibility that is possible with the torque wrench
even without using this tool.

In the case of the newer thermal sensors in the R&S®NRP-Z5x series which are equipped with a very
free-moving nut with ball bearing mounting, the torque wrench is definitely unnecessary. In fact, it can
even be counterproductive due to the looseness of the nut since the connection is always tightened
somewhat too tight.
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Troubleshooting measurement problems

Problem

Cause / = Solution

e The Start... button cannot be pressed

The linearity standard and/or DUT are not connected to the R&S®NRVD or
R&S®NRP2:

» Check the test setup as shown in Fig. 2-6 to Fig. 2-21

The R&S®NRVD, R&S®NRP2 and/or generator have not been initialized:
» Select the NRVD and/or Generator tab and repeat the initialization

e The following error message appears at the
start of or during the measurements:
Error detected:
Measurement out of tolerance (+ 50%)
Please check your test equipment

The level on the linearity standard and/or DUT is too high/low:

» You forgot to insert or remove the reference attenuator, or the power stan-
dard is not connected to the generator

» Check the test setup as shown in Fig. 2-6 to Fig. 2-21
» Verify the calibration kit

e The measurement result spread for the cy-
cles is too large

The DUT, power standard or attenuator is defective:
» Verify the calibration kit
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Generating the Calibration Report

Report Generation @ @

for
C:AProgramData.. \EPNRP-Z51.003)104094

@ Calibration Report Fieport Mo, C20150302

Calibration Repoart [ Incoming | Customer  Microwave Fesearch Inc)

Full frequency data list

8 Channel & NRF-Z51 104054 1138.0005.03
Channel B Mo senzor
File |EFMRP-Z51. 002004094 |
[ QK. ] | Cancel | | Help |

A calibration report documenting the calibration procedure can be generated at any time. It contains a
cover sheet with general information, a list of the measuring equipment used, and a list of the meas-
urement results. There are two versions of the calibration report:

The Calibration Report (Incoming) documents the incoming condition, and the Calibration Report
describes the status after the data memory has been overwritten and the final control measurements
have been performed. While the Calibration Report (Incoming) is merely a straightforward measure-
ment report listing all measurement points, the Calibration Report additionally contains information
about the stored calibration factors. Since only measurement points for which correction factors are
stored are listed, the report should be generated only when the data memory is overwritten. Depending
on the sensor type, proceed as follows (see Table 1-4 to Table 1-7):

DUTs without refreshing the data set

Only the Calibration Report (Incoming) is output since the data memory contents were not overwrit-
ten.

DUTs with refreshing of the data set:

The Calibration Report is always output on completion of the control measurements in order to provide
proof of calibration. If the tolerance limits were exceeded on incoming inspection, the Calibration Re-
port (Incoming) should also be output.

The calibration reports are generated as follows:
» Open the Calibration reports... dialog in the Calibration or File menu.

The Report Generation dialog box opens

» Mark the measurement channel to which the calibrated sensor is connected or select the EPROM file
for the sensor from the file list that is displayed (file name: ep(<sensor>)<serial no.>)

> Select Calibration Report (Incoming) or Calibration Report
» For complete documentation, fill out the Report No. and Customer boxes

> Press the OK button: The calibration report, excluding the cover sheet and the list of measuring
equipment, is displayed on screen
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» To view the complete calibration report on the screen, select the Print Preview... dialog in the File
menu

> Print out the calibration report

If you wish to store electronic copies of calibration reports, install a printer driver for creating Acrobat
PDF files. These drivers are available from various third-party suppliers.

Note regarding the Calibration Report (Incoming) for R&S°NRP-Z and R&S®NRV-Z sensors:

As soon as the new EPROM file for the sensor has been calculated (described later in this chapter), the
R&S®Recal+ software stores a backup copy of the incoming calibration and the data memory contents in
the ...\recal\measure.datlincome and ...\recall\eprom.dat\income subdirectories. This allows the Cali-
bration Report (Incoming) to be output at the very end of calibration. R&S®Recal+ accesses the saved
files and will use the data from the ...\recal\measure.dat or ...\recal\eprom.dat directory for the Calibra-
tion Report (Incoming) only if it does not find data for the sensor in the "income" subdirectories.

To avoid incorrect calibration reports when the entire procedure is repeated, all files with the serial num-
ber of the sensor must be deleted from the "income" subdirectories prior to the first measurement (see
also the Archival section).

Suppressing the Rohde & Schwarz logo

The ROHDE & SCHWARZ logo in the upper right-hand corner of the calibration report can be sup-
pressed as follows: Using a text editor, open the recal.ini file in the Windows directory, go to the

[LAB ID]
section and make the following entry:
NoLogo = TRUE

&

ROHDE&SCHWARZ
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Calculating a New EPROM File

EPROM Data Calculation [y |
Calculation Program Meter
C:\ProgramData'.. \EC{NRP-Z51.003)104094 ( BASE : EP(NRP-Z51.003)104054 )
Sensor Type Seral No Stock No
NRP-Z51 104054 1138.0005.03

Data set Measurement files Conwersion data from
/| Absolute accuracy FR(NRP-251.003) @ Channel A

104054
7] Reflection coefficients RF(NRP-Z51.003) sl

104094 File kst

LN(NRP-Z51.003)
104034
Create and save file
Lok |
Close Help

Fig. 3-6 Calculation tab with measurement files present

The following section only applies to sensors whose data memories are to be overwritten. This involves
generating a new EPROM file from the measurement results and the sensor’s (old) EPROM data, which
can be loaded into the sensor via the R&S®NRVD or R&S®NRP2 or, in the case of sensors with UV-

erasable EPROM, by means of a suitable programming device (see following section). The calculation is
performed as follows:

> Press the button
» Select the Calculation tab

» Specify the source of the (old) EPROM file:

» Either mark the measurement channel to which the sensor in question is connected, or select the File
List radio button and select the appropriate EPROM file ep(<sensor>)<serial no.> from the list

> If the EPROM file is selected via the measurement channel, a prompt to read in sensor data will ap-
pear in most cases. Press the Read sensor data button, wait for the end of the read operation and
close the dialog box by pressing the Cancel button

Reading Sensor EPROM Data =
/| Set file ‘Readonly’
C:\ProgramD ata. . \EPNRP-Z51.003]104094

NRP-Z51

104094 Read sensor data

Cancel

> If measurement data is available for the selected EPROM file, this is indicated in the Data set field on
the EPROM Data Calculation tab; the file names are listed in the Measurement files field

> Click the Create and save file button: The R&S®Recal+ software then calculates a new EPROM file

and saves it under the name ec(<sensor>)<serial no.>. When finished, the message ...is saved is
output
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Overwriting the Data Memory of a Sensor with Flash EPROM

Any compatible file can be written to a sensor data memory. The file would normally be a new file
named ec(<sensor>)<serial no.> that is generated from measurement data. However, after the data
memory has been overwritten, it is also possible to restore the original contents from file
eo(<sensor>)<serial no.>.

EPROM Data Calculation (==
Calculation Program Meter
Programming Sensor EFROM Data

C:\ProgramData'.. \EC(NRP-Z51.003)104094

Channel A NRP-Z51 104094

0
o

Channel B No sensor

| Close | | Help |

> Connect the sensor to channel A or channel B on the R&S®NRVD or R&S°NRP2 (if not already done)

> Press the button (if not already done)
> Select the Program tab

» Depending on the button label (at right), various options are available for the measurement channel in
question:

> If the button label is Program EPROM:
A recalculated EPROM file ec... whose name contains the serial number of the sensor is available.
To overwrite the data memory with this file, press the Program EPROM button and confirm the op-
eration again.
If a different file is to be used to overwrite the data memory, first delete file ec... whose name contains
the serial number of the sensor from the ...\recal\eprom.dat directory (with the file manager or Ex-
plorer) and continue to the next step:

> If the button label is Browse:
No EPROM file ec... whose name contains the serial number of the sensor is available. Instead, any
file can be selected from the ...\recal\eprom.dat directory by marking the file, pressing the Program
EPROM button and then confirming the operation again

> If the button label is Read only: It is not possible to write data to the data memory via the R&S®NRVD
(UV-EPROM, see following section)

> After the flash EPROM has been erased and overwritten (this may take a few minutes depending on
the amount of correction data), press the Close button
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Archiving

To prevent conflicts between old and new data, the files generated during calibration must be deleted from the
...\recal\eprom.dat and ...\recal\measure.dat working directories and the ...\income subdirectories at some
point before the individual sensor is calibrated again.

R&S®Recal+ provides an archiving function allowing files to be copied to a new directory, deleted from the
working directories and dearchived.
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Copying Files to Archive

» Using Windows Explorer or the file manager, create an archive directory, e.g. ...\recal\archive
> Launch R&S®Recal+ and select the Archive... dialog in the File menu

» The Archiving/Cleaning of NRVC Working Directories dialog box is opened

Archiving / Cleaning of NRVC Working Directories @ @
Available files (Src) [ C:\ProgramDatatRohde-S chwarzhRecal+ |
... \eprom.dat - AMCOME
EQ[MRP-251.003104094 EP[MRP-Z51.003]104094
EP(MRP-Z51.003]104094 HOMRP-Z51.0021104094

KFINRP-251.003)104034

.. hmeasure. dat .SINCOME
FO[NRP-251.003]104034 FRINRP-Z251.003]104034
LO[NRP-251.003]104034 LN[NRP-Z51.003]104034
RF[NRP-251.003]104094 RF[NRP-Z51.003]104094

TSINRP-Z51.003)104034
i (MR P-Z51.003]104034. RF. wrnf

Delete from (Src) [ C:A.. \Recal+ | Select via Senal Mao.
— [ MRPZ51.003)1 04034 ~|
Delete
Copy to [Dest) [ ] | SrecoDest |
LCopy | Archive directony... |

| Help | [ Close ]

In the Select via Serial No. panel, select the sensor to be archived
All files available in the working directories are displayed
Select the archive directory via the Archive directory button

Press the Copy button

vV V. V V V

and ...\income are created automatically

» Press the Delete button to delete the files from the working directories

R&S®Recal+ copies all files to the archive directory. Subdirectories ...\eprom.dat, ...\measure.dat

|Note: If only some of the files are to be copied or deleted, first select them with a mouse click.

Fetching Files from Archive

This procedure is identical to that for archiving except that the source and target have to be inter-
changed via the Src<->Dest button. The archive directory should then be displayed under Delete from
(Src) [...] and the working directory under Copy to (Dest) [...]. You can switch back to archiving by

pressing the Src <-> Dest button again.
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4 Verification

In order to prevent faulty calibration of sensors, it is necessary to check the measurement accuracy of
the power standards using the verification set (option B1). Like a normal calibration of absolute accu-
racy, verification with the verification set is a quick and easy process that should be performed on a
regular basis (prior to usage or daily).

Verification of the R&S®NRPC Calibration Kit

Built-In Self-Test of the Power Standard

The R&S®NRPC () power standards are equipped with an internal reference circuit for checking the
long-term stability of the integrated power sensor. The reference circuit includes a highly stable DC volt-
age source which can be used to supply a second heater on the transducer. The reference circuit is ac-
tivated whenever a built-in self-test is performed and an in-circuit test is executed. Proceed as follows to
perform the self-test:

> Press the button in the toolbar and open the NRP Sensor Test tab
> Select the power standard and perform the built-in self-test by pressing the Execute Test button

The test results consist of a global "SUCCESSFUL / FAILED" assessment along with individual test re-
sults. The result of the in-circuit test is displayed under the Test Heater Power Drift item. Along with a
"SUCCESSFUL / FAILED" assessment, the percent is indicated by which the sensitivity of the test cell
has changed compared to the last calibration by German Accreditation Body (DKD) laboratory D-K-
15195-01-00.

The R&S®NRPC-B1 verification kit should also be subjected to a built-in self-test in the same manner.
Here too, the change in the measured sensitivity compared to the last calibration by the German Ac-
creditation Body laboratory mentioned above is displayed under the Test Heater Power Drift item.

In-circuit testing of the power standard can be triggered as part of a user-initiated self-test and is also
executed automatically by the R&S®Recal+ software prior to each calibration of absolute accuracy.

Comparison Measurements with the R&S®NRPC-B1 Verification Set

For each R&S®NRPC calibration kit, an R&S®NRPC-B1 verification kit @) can also be ordered as an op-
tion. It consists of a thermal sensor with an |nput impedance of 100 Q. These R&S®NRPC18-B1,

R&S®NRPC33-B1, R&S®NRPC40-B1 and R&S®NRPC50-B1 thermal sensors have been adjusted on
the associated power standard and exhibit only very minor errors compared to it. Therefore, large errors
indicate that there has probably been some change in the components involved. Due to the strong mis-
match of the verification sensor, it is possible to detect aging or wear and tear at an early stage in terms
of the power measurement accuracy as well as the matching. Usage is very simple:

> Verify that the calibration kit matches the verification kit by comparing the serial numbers of the power
standard with the data on the bottom of the verification sensor

> Prepare the measurement setup for checklng the absolute accuracy as shown in Fig. 2-6 for the
R&S®NRPC33, Fig. 2-15 for the R&S®NRPC33, Fig. 2-18 for the R&S®NRPC40 and Fig. 2-21 for the
R&S®NRPC50

» Check the absolute accuracy with the associated verification kit
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Perform one or more measurement cycles (depending on requirement); otherwise proceed as described
under Checking the Absolute Accuracy. The averaged trace must lie within the tolerance band shown
in the graphical display. The tolerance limits are significantly tighter compared to a normal thermal sen-
sor. If the trace rises or falls uniformly over all of the frequency range, this indicates a change in the
sensitivity of the power standard or the verification sensor . An oscillating frequency response as seen in
Fig. 4-1 indicates that the matching conditions on the RF connection have changed. In this case, a vis-
ual inspection is necessary and the connectors should be cleaned. If the ripple does not disappear de-
spite cleaning the connectors of the verification sensor and the power standard, the RF connector for
the power standard can be exchanged with the supplied replacement adapter ) . For a description of
the steps required to do this, see the appendix under Exchanging the RF Connector at the Test Port
of the Power Standard.

Measurement with RECAL+ a @
Absohute Accuracy Lineartty Meter Generator NRP Sensor Test
@ Channel A NRPC40-B1 540023 1418.0602.03
Channel B No sensor

1.04

Gamma Comection

Meas_ File
FR{NRPCA40-81.003)
Data set 540023
-
@ Save
o
Clear -
E
Numenc o "
Diagram @ 1.0mW
Print Setup
Erint 1x -
Resolution 0.96 . . : : : :
1 - 100 150 200 250 300 350 Start |
040 +0 -
10.010 40.010
lin e Meas. deviation of DUT (f/Hz)
Close Help

Fig. 4-1 Verification result for an R&S®NRPC40 power standard following damage to the RF con-
nectors

The reference attenuators ) in the R&S®NRPC18, R&S®NRPC33 and R&S®NRPC40 are not checked.

Note: The verification measurement with the R&S®NRPC-B1 is saved as an FR file with a time
stamp in the Verification.dat folder.
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Verification of the R&S®NRVC Calibration Kit

To ensure the measurement accuracy of the R&S®NRVC calibration kit, all key components — i.e. power
standard, linearity standard and reference attenuator — need to be checked regularly. There are two
ways of doing this:

e Perform comparison measurements using the two sensors from the R&S®NRVC-B1 verification set

e Check the measurement accuracy using a DC voltage

The comparison measurements with the verification set can be performed via a software program in just
a few minutes and are, therefore, the obvious choice for daily functional checks. DC voltage measure-
ments should be performed less frequently, e.g. once a month, in order to check the stability of the
power standard, the reference attenuator and the thermal sensor from the verification set. Any errors
that are detected can be corrected to compensate for drift resulting from aging or ambient conditions.

An initial verification — including the DC voltage tests — should be performed immediately after the cali-
bration kit is put into operation the first time.

Comparison Measurements with the R&S®NRVC-B1 Verification Set

The R&S®NRVC-B1 verification set contains two sensors: an R&S®NRV-Z1 diode power sensor and an
R&S®NRV-Z51 thermal power sensor. Both have been adjusted on the individual calibration kit and ex-
hibit minimum measurement errors with respect to this kit. Large errors indicate that there has probably
been some change in the components involved. The verification set can thus detect aging or wear and
tear at an early stage, but it cannot be used to recalibrate the measuring equipment.

Use is straightforward:

> Verify that the calibration kit matches the verification kit by comparing the serial numbers of the pow-
er standard, reference attenuator and linearity standard with the data on the bottom of the two verifi-
cation sensors.

> Prepare the measurement setup for checking the absolute accuracy as shown in Fig. 2-8 for an
R&S®NRV-Z51 sensor.

» Check the absolute accuracy with the R&S®NRV-Z51 sensor from the verification set. Perform one or
more measurement cycles (depending on requirement); otherwise proceed as described under
Checking the Absolute Accuracy. The averaged trace must lie within the tolerance band shown in
the graphical display. The tolerance limits are considerably tighter than would be the case for a normal
R&S®NRV-Z51 sensor. If the trace is shifted uniformly upward or downward over all of the frequency
range, this indicates drift of the DC voltage parameters of the power standard or the verification sen-
sor (see section DC Voltage Tests)

> Switch the reference attenuator to the output of the power standard (Fig. 2-11) and repeat the check
with the R&S®NRV-Z1 sensor from the verification set. In this case too, the averaged trace must lie
within the tolerance band. The tolerance limits are also considerably tighter than would be the case
for a normal R&S®NRV-Z1 sensor. Minor changes in the trace may occur if the generator is changed
(harmonics)

> Prepare the test setup for checking the linearity as shown in Fig. 2-24

> Perform a linearity check using the two sensors from the verification set (see section Checking the
Linearity). The traces must remain within the tolerance bands shown in the graphical display

Note: The model code stored in the data memory of the verification sensors is "88" (ignore the
code on the type plate). This makes it possible to distinguish the sensors from the normal
sensors of the same type. It is not possible to accidentally overwrite the data memory con-
tents.
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DC Voltage Tests with the R&S®NRVC Calibration Kit

The objective of the measurements is to check the characteristics of the power standard, reference at-
tenuator and R&S®NRV-Z51 verification sensor for DC voltages and to use correction factors to elimi-
nate the effects of drift due to aging or ambient conditions. The set of correction data is stored in an ed-
itable calibration program file so that it can be cleared at any time as required and the incoming status
restored. The correction data can be activated only in conjunction with R&S®Recal+. The menu-driven
measurements are performed on a measurement setup as shown in Fig. 4-1. The individual measure-
ment setups are listed in Table 4-1.

The first step is to connect the precision DC termination @ to the output of the power standard and then
perform zeroing. Next, measure the voltage drop across the built-in 50 Q resistor by using a digital volt-
meter. Based on the calculated output power and the power measured by the R&S®NRVC, the correc-
tion factor K NRVC is obtained.

The correction factor for the reference attenuator @ , referred to as K ATT, can be obtained in the
same manner. To perform this measurement, connect the reference attenuator between the power
standard and the DC termination. Finally, connect the R&S®NRV-Z51 sensor from the verification set to
the output of the power standard. Based on the measured values of the power standard, verification
sensor and correction factor K NRVC , the K Z51 correction factor is obtained.

Since the sensitivity of the thermal sensors in the R&S®NRV-Z51 and the power standard is polarity-

dependent, all measurements are made with positive as well as negative feed voltage and the arithmetic
mean is used when calculating the correction factors.
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Ideally, all three correction factors should be 1 since a DC calibration of the individual components was
performed when the R&S®NRVC was calibrated. Deviations may be due both to ambient conditions and
the base unit that was used. During verification, it is best to connect the power standard to the
R&S®NRVD measurement channel that will also be used for the power standard when the R&S®NRVC
is used later on.

Note:

To calculate the power that was con-
verted in the DC termination @ on the
basis of voltage measurements the ter-
mination must contain a high-precision
50 Q resistor. The built-in resistor there-
fore meets a very tight tolerance re-
quirement (+0.01 %) and has only a
minimum effect on the measurement
results. Nevertheless, the resistor
should be occasionally checked with a
multimeter. The termination should
equal 5002+ 0.015 Q. A four-pole resis-
tance measurement should be per-
formed (see opposite figure).

NRVD
-

o ram L

Fig. 4-2

DC Source

R BN

B

Digital Voltmeter

Input Sense

Multimeter

Test setup for checking the calibration kit with DC voltage.
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Additional measuring equipment required

DC source: Stable DC voltage source with an output voltage of 0.45 V into 50 Q. At a load of 50 Q, the

output voltage should not vary by more than + 0.01 % from the mean value.

Digital voltmeter: 5% digits with a resolution of at least 1 uV at a measured voltage of 22 mV or 1 mQ
at a resistance of 50 Q. The measurement uncertainty should not be greater than 0.01 % for DC voltage
measurements. The settings for the averaging filter and/or integration time need be selected such that
the display is stable. Select autoranging.

Table 4-1 Measurement steps for verification with DC voltage
I . . .
tem | Feed voltage | attenuator @ Mea(s@ power for Meas. voltage V Mea% power for
no. Vs R&S“NRVC (approx.) (approx.) R&S“NRV-Z51 (approx.)
1 +0.45V Not fitted Pnrve,1 (1 mW) Vq(+0.225V) | -
2 -0.45V Not fitted PnRrve 2 (1 mW) Vy (-0.225V) | -
3 +0.45V Fitted PnRve,3 (1 mW) V3 (+0.022V) | -
4 -0.45V Fitted PNRve 4 (1 mW) V4 (-0.022V) | -
5 +0.45V Not fitted PNRVC,5 (1 mW) ----- P251’5 (1 mW)
6 -045V Not fitted Pnrves (1MW) [ e Pz51,6 (1 mW)
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Measurement procedure

» Allow the test setup shown in Fig. 4-1 to warm up for at least an hour. Do not forget to connect the @
verification sensor to the R&S®NRVD

> Launch R&S®Recal+ and select the DC Correction... dialog in the Options menu

1
o ==

Calculation of k_NRYC / K_ATT / K_Z51

Power standard [plugged in)

Measurement (2 P U [Dhd) 514193/002
1. +045Y o o [ Meas
| 2 -0.45Y : u Meas & Cale
K_NRYC_514133_002 = 0133371 ‘ actual stored zetting

Select attenuator [AT[NHVC.DD2]51 4133.002 N ]

3. +0.45Y : o ( Meas ]

4 -0.45Y - u Meas & Cale
K_ATT_S514133_002 = 1.0 [ not def.) | actual stored zetting

5. + 045y : ; ( Meas ]

E S0.45% Meaz & Calc
K_Z581_827106_010 = 0.9534 ‘ actual stored setting

Sawve K_ factors

l Help ] ’ Llose

L

Fig. 4-3 Dialog box for checking the R&S®NRVC with DC voltage

» The DC Correction dialog box allows interactive measurement. Perform measurements in the se-
quence specified in (Table 4-1)

Calculating correction factor K NRVC

e Connect the precision DC termination — without [ RrecaL+ Sensor Calibration L= ]
attenuator — directly to the output of the power

standard | Mext step : ZERO Measurement

e Press the Meas button (1. in the DC Correction

|
dialog box): You will now be prompted to con- | ok || cancel
firm that you want to prepare for zeroing L J

e If a DC calibrator is used, set the output voltage to 0 V. Otherwise, remove the two banana connec-
tors on the connecting cable from the source and short-circuit them

e Start manual zeroing on the digital voltmeter
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e Press the OK button. Zeroing is performed for
the power standard on the R&S®NRVD

e After you complete zeroing, you will be prompt-
ed to confirm that you want to prepare for
measurement with +0.45 V

RECAL+ Sensor Calibration =]

[8} Mext step : Measurement (+0.45 V)

| 0K | | Cancel |

¢ Plug the connecting cable into the source again and set the output voltage to +0.45 V

e Press the OK button: The power applied to the R&S®NRVC is measured, and the measured value is

shown in the P field of step 1

e Measure the voltage drop at the DC termination
using the digital voltmeter and enter the meas-
ured value into the U field of step 1

e Set the output voltage to —0.45 V on the DC
source (or interchange the connectors of the
connecting cables)

RECAL+ Sensor Calibration [ =

8 Mext step : Measurement (-0.45 V)

| 0K Cancel

e Measure the voltage drop at the DC termination using the digital voltmeter and enter the measured

value — with negative sign — into the U field of step
e Press the Meas & Calc button
e Press the OK button

2

e The power applied to the R&S®NRVC is measured and the measured value is shown in the P field of
step 2. The new correction factor K NRVC is displayed

e Switch off the output voltage of the DC source

Calculating correction factor K ATT

¢ |Insert the reference attenuator between the power

standard and the DC termination

¢ In the Select attenuator panel, select the file that matches the attenuator (file name identical to se-

rial number)

e Press the Meas button and proceed as described above. Do not forget to perform new zeroing for

the digital voltmeter

Calculating correction factor K Z51

e Connect the R&S®NRV-Z51 verification sensor to the output of the power standard

e Wait five minutes and then press the Meas button. Now proceed as described for the other meas-

urements

Saving correction factors

e Press the Save K_ factors button

e The correction factors will be saved under the
CALIBRATION heading in the recal.ini initiali-
zation file located in the Windows directory
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5 Recalibration

It is recommended to return the R&S®NRPC (R&S®NRVC) and the options to Rohde & Schwarz for re-
calibration once a year. As part of recalibration, all components are checked, and the reference stan-
dards, the reference attenuators and the precision termination are recalibrated. The sensors from the
verification set are adjusted to match the recalibrated standards and the data memories are updated.

If you need a recalibration done, contact your nearest Rohde & Schwarz representative. Please send in
the complete calibration kit packed in its storage cases.

Procedures to be Performed after Recalibration

When you receive the calibrated kit, perform the following procedures to ensure that it is functioning cor-
rectly:

e Perform a software update (if mentioned in the accompanying letter). The update is like an initial in-
stallation, but all directories, measurement files, EPROM files and user-specific information in the re-
cal.ini file are retained. Before launching the setup program, uninstall the current version (use the
Uninstall program from the R&S Recal+ program group)

R&S®NRPC calibration kit

e Connect the R&S®NRPC power standard to one channel of the R&S®NPR2

e Launch the R&S®Recal+ calibration software

e Initialize the R&S®NRP2

e Perform the verification as described under Verification of the R&S®NRPC Calibration Kit

R&S®NRVC calibration kit

e Copy the contents of the @ CALIBRATION DATA data disk into directory ...\recal\config.dat (if not
already done during a previous software update)

e Connect the R&S®NRVC power standard and the R&S®NRVC-B2 linearity standard each to a chan-
nel of the R&S®NRVD

e Launch the calibration software

e Initialize the R&S®NRVD, power standard, linearity standard, reference attenuator and precision ter-
mination (see instructions at beginning of Sensor Calibration section)

e Perform the verification as described under Verification of the R&S°NRPC Calibration Kit. If you
choose not to perform verification, set the correction factors K NRVC..., K ATT... and K _Z51... in
the recal32.ini file to 1.0 or delete these entries
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6 Appendix

Exchanging the RF Connector on the Test Port of the Power
Standard

In the R&S®NRPC33, R&S®NRPC40 and NPRC50 power standards, there is an adapter between the
test port and the output of the integrated power splitter which can be exchanged by the user if the test
port's RF connector becomes worn out. A replacement adapter () is supplied for this purpose with each
of the calibration kits mentioned here. To ensure the accuracy level is retained even after the adapter is
exchanged, each power standard is calibrated with both adapters during manufacture and recalibration
at German Accreditation Body (DKD) laboratory D-K-15195-01-00. The calibration certificate contains
the calibration data for both configurations.

The adapter should be exchanged if the test port is obviously damaged as well as in the following cases:
e Verification with the R&S®NRPC-B1 verification sensor fails due to strong oscillations in the fre-
quency response

e High dependence on the angular position during calibration of absolute accuracy

The following table describes the procedure used to exchange the adapter along with the subsequent
steps that are required:

Table 6-1 Exchanging the RF connector on the test port

Item Work step Comments

no.

1 Remove the anti-turn device for the adapter's hex nut (this in- Allen wrench (wrench opening 0.9 mm)
volves loosening two grub screws)

2 Unscrew the adapter Flat wrench (wrench opening 8 mm)

3 Screw on the replacement adapter (21 , tighten the hex nut with Torque flat wrench (wrench opening 8 mm) with a
a torque of 1.5 Nm torque of 1.5 Nm

4 Slide on the anti-turn device and tighten the grub screws

5 Install the R&S®NRP-Toolkit software On CD-ROM (3)

6 Connect the power standard to the USB port of a Windows com- Requires USB adapter R&S®NRP-Z3 or
puter R&S®NRP-Z4 or sensor hub R&S®NRP-Z5

7 Load the power standard's calibration data set for the replace- Withgrogram module Firmware update from
ment adapter@ R&S”NRP-Toolkit

8 Connect verification sensor to USB port of a Windows computer

9 Load the calibration data set for the verification sensor for use Withgrogram module Firmware update from
on a power standard with the replacement adapter (27) R&S“NRP-Toolkit

10 Connect power standard and verification sensor to R&S®NRP2
base unit

11 Check identification of the loaded calibration data sets

12 Verification measurement
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Re 3:

Re 7:

The torque of the supplied torque wrench (0.9 Nm) is too small to prevent the adapter from turn-
ing during subsequent usage. If a suitable torque wrench is not available, tighten the adapter
somewhat tighter by feel and then check whether the adapter turns when the sensor is screwed
on and off.

The calibration data for the power standard must also be exchanged when the adapter is ex-
changed. The data set called Caldata_NRPC_T<serial no.>.nrp is located on the data CD (3) in
the Dataset/Exchange_Thru directory. The serial number at the end of the file name refers to
the spare adapter. This number is also engraved on the adapter.

Fig. 6-1 shows the user interface for the Firmware-Update program module of the R&S®NRP-
Toolkit. After clicking the Browse button, select the calibration data set for the power standard in
the above-named directory and start the download by clicking the Start key.

Firmware Update % @

Help

Firrware File

default entry j Browsze

State Messages

Re 9:

Re 11:

Re 12:

Click 'Start' to write 'default ent: - Al
No device attached !

-

Download

Fig. 6-1 User interface for Firmware Update from the NRP-Toolkit

The calibration data set for the verification sensor must also be exchanged in order to obtain
correct verification results from the start. The calibration data set is called Caldata_ NRPC-
B1_T<serial no.>.nrp and is also located on the data CD (3) in the Dataset/Exchange_Thru di-
rectory. As before, the serial number at the end of the file name refers to the spare adapter.

After successfully loading the calibration data sets, the serial number of the spare adapter
should appear in info texts in the R&S®NRP2 base unit (in the System menu under Sensor In-
fo: SPD Mnemonic).

For the power standard, the letter T should be followed by the serial number engraved on the
spare adapter, e.g. 12387 in the entry T12387. An additional code A#### stands for the supplied
reference attenuator in the case of the R&S®NRPC33 and R&S®NRPC40 calibration kits.

The measured values must lie well within the specified tolerance bands. If this is not the case,
check whether the correct calibration data sets were actually loaded. Otherwise, unscrew the
adapter and try remounting it in a different angular position.
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Measurements on a Separate Measurement Setup

All of the measurements (reflection, absolute accuracy and linearity) can also be performed on separate
measurement setups. The measurement results must then be transferred in the form of standard ASCII
files to R&S®Recal+ for further processing. The required measurement frequencies and levels for each
type of sensor are stored in a configuration file.

The configuration files are stored in the ...recal\config.dat directory and can be read with any standard
text editor. The file name consists of the type designation of the sensor and the three-digit model code
(padded on left with zeros). For example, for an R&S®NRV-Z1 sensor with material number
0828.3018.03 (5 m connecting cable), the file name is nrv-z1.003.

The measurement results are to be stored in the ...recal\measure.dat directory in an ASCII file whose
name consists of a header (rf: reflection; In: linearity; fr: absolute accuracy; sp: S-parameter for attenu-
ators) and the serial number of the sensor. The structure of these files is shown in Table 6-4 to Table
6-10: All mandatory entries are in bold, and all user-specific entries in normal font. The column on the
right explains the various entries (i.e. these explanations are not included in the files).

Reflection

There are the following possibilities for the reflection measurement:

e Program-controlled measurement and ftransfer of the measurement data using the
R&S®ZVX_RECAL additional program belonging to the R&S®Recal+ software in conjunction with
selected network analyzers from Rohde & Schwarz

e Manual or program-controlled measurement with any other suitable network analyzer and further
processing of the measurement data based on one of the two following possibilities:

o Creation of one file each with the reflection and measurement uncertainty data in Touchstone
format and subsequent import of these files using R&S®Recal+

o Manual creation of a single file with reflection and measurement uncertainty data in a format
compatible with R&S®Recal+ and storage of this file in the ...\Recal+\measure.dat directory

Program-Controlled Reflection Measurement with R&S®ZVX_RECAL

After the program is successfully installed, the Measurement with NRVC/NRPC dialog (after pressing

the button) should have the Reflection / S Parameter tab (Fig. 6-2). From there, the network ana-
lyzer and DUT are selected and the test program is launched.

Table 6-2 contains a list of the individual steps in a reflection measurement. Further details of the indi-
vidual steps are discussed below.
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=2

Absolute Accuracy | Linearity | Reflection / S Parameter |

Meter |

Generator I MNRP Sensor Test |

Initializing Metwork Analyzer

Address 22 2 Not initiglized

@ Channel A NRP-£51 104054

() Channel B No sensor

’ EP{NRP-Z51.003)104094 hd

S1P Data File
{ Reflection )
Uncertainty Data
File

Nao file selected

Nao file selected

Initiglize

Search Analyzer

4

Add. data...

1138.0005.03

Import Reflection Data

Close

|

Fig. 6-2 Reflection / S Parameter tab
Table 6-2 Reflection measurement
Ite Work step Location Comments
m
no.
1 Read in calibration kit
2 Connect network analyzer to test Network
system via IEC/IEEE bus analyzer
3 Launch R&S®Recal+ software
4 Initialize vector network analyzer
5 Select sensor ) Channel A or channel B
Dialog on basic power meter
5 Reflection /
6 Launch R&S“ZVX_RECAL soft- S Parameter Button
ware Run Network Analyzer Program for selected sensor

7 Calibrate vector network analyzer The network analyzer's calibration is stored for subsequent

reuse
8 Measure DUT's reflection Dialog It is recommended to check the sensor's immunity from

ZVX RECAL mounting the connector in a different angular position by
- connecting it multiple times

9 Return to R&S®Recal+ Button

Quit
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Re 1: Prior to starting the measurements, the data for the selected calibration kit(s) should already
be saved in the network analyzer
Re 4. - Select the type of network analyzer that is connected
- Use the Search Analyzer dialog to search for the GPIB address of the connected instru-
ment. If the GPIB address is known, it can be entered into the Address field and the search
skipped
- Initialize the network analyzer
Re6: - The R&S®ZVX_RECAL software starts up in its own window
B3 zvx_RECAL [= = |
About
Calibration
NWA not yet calibrated >

Details

Sensor Info
NRP-Z51,
DuT

Mumber of Measurements

Ser.No: 104034 1]

12 3 4

|Sensor {reflection)

|Start Measuremerrt‘ | Save { | Quit '

Fig. 6-3

Re7: -

1109.0930

R&S®ZVX_RECAL user interface immediately after start-up

In the Calibration drop-down list, select the New: One Port OSM entry. A window like the
one shown Fig. 6-4 will open

Select an appropriate calibration kit in the active Cal Kit list. The list only shows the calibra-
tion kits that are suitable for the DUT's connector

Initiate the calibration by pressing the Start button. A window like the one in Fig. 6-5 will ap-
pear with a prompt to connect the first calibration standard

Connect the requested calibration standard (check the serial number!) to the network ana-
lyzer and click the Continue button

Proceed in the same manner for the other calibration standards

Confirm the Calibration complete message with OK. The R&S®ZVX_RECAL user interface
will reappear in the foreground (Fig. 6-6)
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BS ZVX RECAL New Calibration = 2|

Method
[FULL ONE PORT OSM CALIBRATION 10 MHz ... 18 GHz

Please heed the following instructions

The following calibration standards have been activated
for this calibration procedure :

Cal Standard Cal Kit Label MinFreq/Hz MaxFreq/Hz
Open {m) 'R&S_ZV-Z270 101378 0.000e<00 1.800e+10
Short (m}) 'R&S_ZV-Z270 101378 0.000e<00 1.800e+10
Match {m) 'R&S_ZV-Z270° 037 0.000<00 1.800e+10

Please check equipment befare continuing calibration |

active Cal Kit

R&S5_ZV-Z270 -| Aot Calbration |

Fig. 6-4  Window for selection of the calibration kit

B3 ZVX_RECAL New Calibration = & |

Method
[FULL ONE PORT OSM CALIBRATION 10 MHz ... 18 GHz

Please heed the following instructions

Connect OPEN (m)
to PORT 1!

(serial '101378))

Fig. 6-5 Prompt to connect the first calibration standard
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Re 8: - Select the number of measurements in the Number of Measurements field
- Press the Start Measurement button
- Connect the DUT to the network analyzer and confirm the procedure (Fig. 6-7)

- The measurement should begin. After it is completed, the measurement result is displayed
graphically (Fig. 6-8)

- Press the Continue button. Depending on the number of set measurements, there is either
another prompt to connect the DUT (in another angular position) or the R&S®ZVX_RECAL
user interface will appear with the Measurement complete! message (Fig. 6-9)

- Press the Save button. An average measurement result is formed from the individual meas-
urements and saved as a file named

rf (<type designation>) <serial no.>

in the ...\recal+\measure.dat directory

Re9: - Return tothe R&S®Recal+ user interface by pressing the Quit button
B8 7vx_RECAL [= 2|
About

Calibration

Full One Port OSM: 10.000 MHz to 18.0 GHz, as of March 27, 2015 b

Details

Port1: Nf}
Sensor Info MNumber of Measurements
NRP-Z51 . Ser.No: 104094 [
1 | | ]

DUT 12 3 4

|Sen30r reflection) | Start Measuremem{ | Save ‘ | Quit |
Fig. 6-6 User interface for calibrated network analyzer
BE zvx_RECAL

4
Please connect
sensor to PORT 1!

Fig. 6-7 Prompt to connect the DUT
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20327 551 . =

Ist1] ~ aB
-1

-50-
-52-
-54-

58~

DUT |NRP-Z51 104094

60-
10.0E+6 10E+9 20E+3 30E+9 40E+9 50E+9 6OE+S 7.0E+3 B0E+S S0E+9 100649 11.0E+9 12.0E+9 13.0E+9 14.0E+9 150649 16.0E+9 17.0E+9 18.0E+9
Freq ~ Hz

Log Mag :‘I Format

measurement complete

[_gontinue ] [Brnt Window] [ cancer |

Fig. 6-8

BE 7V _RECAL

Graphical display of the reflection measurement results

=R

About

Calibration

|Full One Port OSM: 10.000 MHz to 18.0 GHz. as of March 27, 2015

Report

Measurement complate

Sensor Info Number of Measurements
INRP-Z51, Ser.No: 104034 /]
1 | ] ]
ouT 1 2 3 4
|Sensor{|'eﬂedion} |Sla'tﬂ_leaa.mnu’i' | Save ‘ | Q‘-i‘
Fig. 6-9 User interface after completed reflection measurement
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Information about reflection measurements with R&S®ZVX_RECAL

Frequency range and number of frequencies

Both parameters are set solely as a function of the connector type. This means that sensors with identi-
cal connectors are adjusted at the same frequencies. This has a significant benefit in that only a single
calibration is required per connector type. The measurement points that are not necessary for the sen-
sor between its upper frequency limit and the maximum frequency of the respective connector type are
automatically discarded during subsequent evaluation of the measurement data. A standard value of
10 MHz is used as the lower frequency limit.

Validity of the calibration

The network analyzer's calibration is stored with the date. If multiple DUTs with the same connector type
are adjusted in sequence, the network analyzer's calibration can be reused. The user only needs to en-
sure that the system data (directivity, reflection tracking and source match of the network analyzer) have
not changed significantly. Changes generally occur due to drift of the network analyzer vs. time or
changes on the network analyzer's test port. In case of any doubt, perform a new calibration using New:
One Port OSM (User) .

Measurement uncertainty

Reflection measurements on power sensors are influenced primarily by the accuracy of the calibration
kit and the stability of the network analyzer, and only then by the reflection of the actual sensor. The
measurement uncertainty can be generalized as follows:

U=a+b-|F|

The term a is independent of the measurement result and is primarily a function of the effective directiv-
ity. On the other hand, the term b takes into account the effective reflection tracking and the effective
source match. Since power sensors generally exhibit very good matching, the influence of b tends to be
small.

When computing the measurement uncertainties, the R&S®ZVX_RECAL program module makes use
of the values listed in Table 6-3 for the term a. They are valid when using the recommended calibration
kits (Table 2-13). For b, a conservative estimate of 0.04 is used in all cases.

Table 6-3 Expanded measurement uncertainties (k = 2) for a well matched DUT (term a)
Frequency range N (50 Ohm) 3.5 mm 2.92 mm 2.4 mm

DC to 0.1 GHz 0.005 0.005 0.005 0.005
>0.1t02.4 GHz 0.005 0.005 0.005 0.005
>24to 8.0GHz 0.005 0.007 0.007 0.007
>8.0to 12.4 GHz 0.005 0.009 0.009 0.009
>12.41018.0 GHz 0.006 0.009 0.009 0.010
> 18.0 to 26.5 GHz 0.011 0.011 0.014
> 26.5 to 33.0 GHz 0.011 0.011 0.015
> 33.0 to 40.0 GHz 0.011 0.015
> 40.0 to 50.0 GHz 0.017

At low frequencies, vector network analyzers tend to exhibit a large, system-related statistical uncer-
tainty. To reduce this uncertainty, R&S®ZVX_RECAL sets the bandwidth of the network analyzer ac-
cordingly. In addition, the measurement result for the 10 MHz frequency point is determined based on
measurement results for multiple frequency points in the immediate vicinity of 10 MHz. Both steps help
to considerably reduce stochastic error influences.
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Storage of the measurement result

The measured reflection coefficients are stored along with the measurement uncertainties as well as
general information in the ...\recal\measure.dat directory. The file contains only the frequency points that
are relevant for the applicable sensor. The file name is structured as follows:

rf (<type>) <serial no.>
For a sensor of type R&S®NRV-Z15 with serial number 102972, it would be as follows:
Mf(NRP-Z21)102972
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Reflection measurement without using R&S®ZVX_RECAL

If the network analyzer used for the reflection measurement is not supported by the R&S®Recal+ soft-
ware (supported network analyzers are listed in Table 2-10 and Table 2-11), the user is responsible for
ensuring that the measurement is properly configured and the measurement data is stored in a format
that is compatible with the R&S®Recal+ software.

Configuration of the Network Analyzer

All of the necessary information is saved in the configuration file for the sensor to be calibrated. The
configuration files are stored in the ...\recal+\config32.dat directory and the file name contains the type
designation and variant identifier of the sensor. They are created in ASCII format and can be read using
any standard editor. Fig. 6-10 shows parts of the configuration file for the R&S®NRV-Z15 CW power
sensor which is representative of all of the sensors with only a single measurement path in this context.

Measurement level for calibration of absolute | freqLevel= 1.0E-6
accuracy cen
frequencyresponse=
Measurement frequencies for calibration = 50E6 , 1.0
of absolute accuracy and matching 100E6 , 1.0
500E6 , 1.0
40E9 , 1.0
DataBlockEnd
reflectionCoefficients=
Specified reflection coefficients > 50E6 ,0.070
50 MHz to 4 GHz <0.07 4.0589 ,0.157
>4 GHz to 40 GHz <0.157 DataBlockEnd

Fig. 6-10  Excerpt from configuration file nrv-z15.002 for R&S®NRV-Z15 sensor type with variant
identifier 02

The exact measurement level in the reflection measurement is not critical in the case of a thermal sen-
sor or if the measurement data is not used for gamma correction of the calibration of absolute accuracy.
Otherwise, it should be as large as the value used for calibration of absolute accuracy. This value is
saved in the configuration file under the "freqLevel" entry and has the unit of W for a power sensor. In
case of values under 10 yW (-20 dBm), the reflection measurement may be performed with no problem
at a measurement level of -20 dBm since reflection changes hardly occur in case of further level reduc-
tion. The measurement time is selected such that the measurement uncertainties resulting from the
measurement noise remain small with respect to the error influences which are due to the network ana-
lyzer's calibration. The values in Table 6-3 can be used as a starting point for the total measurement un-
certainty.

In the case of multi-path sensors, multiple level specifications are present, depending on the number of
paths, under the "freqNpathLevel" entry. Here, use the second entry which is generally identical for
two-path sensors with the measurement power for the first path and for three-path sensors with the
measurement power for the third path.

The measurement frequencies are listed under the "frequencyresponse" entry. The values specified
there apply for calibration of absolute accuracy as well as for the reflection measurement, and meas-
ured values must be available for these frequencies. In order to be able to define simply structured
swee@g)s, it might be necessary to make measurements at other frequencies besides the listed ones. The
R&S"Recal+ software is configured for this and will accept such additional frequency points (but only for
the reflection measurement).
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The measurement data is best saved as a Touchstone file in the *.s1p format for easy further process-
ing (see next section).

The configuration files for the sensors also include the limits specified in the data sheet for the magni-
tude of the linear reflection coefficient. These specifications are listed in the table under the "reflec-
tionCoefficients" entry. The left column contains in each case the frequency starting at which the
limit specified in the right column is valid. The value in the last row is logically valid up to the sensor's
upper frequency limit. With the R&SPURV5-Z2 and R&S®URV5-74 voltage sensors, the reflection is
measured at the male connector end; the female connector must be terminated with the precision ter-
mination ®.

Formatting and Saving the Reflection Measured Values

In order for the network analyzer's measurement data to be evaluated by the R&S®Recal+ software, the
data must be saved in the form of an "RF file" in the ...\recal+\measure.dat directory. Here, there are
two possibilities:

o  Creation of one ASCII file each with the reflection and measurement uncertainty data in Touch-
stone format and subsequent import of these files using the R&S®Recal+ software

o  Manual creation of a single ASCII file with reflection and measurement uncertainty data in a format
compatible with R&S®Recal+ and storage of this file in the ...\recal+\measure.dat directory

Importing reflection and measurement uncertainty files

This is generally the simpler of the two possibilities since most network analyzers are capable of auto-
matically generating measurement data in Touchstone format. Then, the user only needs to create the
measurement uncertainty file with its very simple format and perform the data import. The import proce-
dure requires prior installation of the R&S®ZVX_RECAL additional program (see start of chapter3).

Details on the content and format of the two files can be found further below. The individual work steps
needed to import the data are as follows:

» Save the network analyzer's measurement data on a storage medium that the R&S®Recal+ soft-
ware can access

> Create the measurement uncertainty file and save it on a storage medium that the R&S®Recal+
software can access

> Launch the R&S®Recal+ software and call up the Measurement with NRVC/NRPC dialog using
the button in the toolbar

» Select the Reflection / S Parameter tab

» Select the sensor that the reflection data is associated with. If this sensor is connected to an initial-
ized base unit, click the corresponding radio button. Otherwise, click the "File" radio button and se-
lect the sensor from the list that appears. Of course, the second possibility assumes that the sensor
has been plugged in at least once and its data was read out

> Select the file with the network analyzer's measurement data. To do this, click the Browse button in
the S1P Data File (Reflection) field

» Select the measurement uncertainty file. To do this, click the Browse button in the Uncertainty
Data File field

» Click the Import Reflection Data button. Now, R&S®Recal+ automatically generates a file in the
"RF" format based on the two starting files and saves it in the ...\recal+\measure.dat directory. The
file name consists of the sensor's type designation, its variant identifier and the serial number
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Structure of a file to import the network analyzer's measurement data

The reflection coefficients measured at the individual frequencies must be saved with the real and imag-
inary parts in the Touchstone format (*.s1p) (Fig. 6-11). A period must be used as a decimal separator.
The header indicated with # must contain all of the information needed to interpret the data, i.e. the fre-
quency unit (HZ|KHZ|MHZ|GHZ), identification of S-parameter data (S), data format real/imaginary (R/)
and reference impedance of 50 Q (R 50). Comments can be inserted directly after the header following
an exclamation point (!). Except for the mandatory file extension "s1p", any desired file name can be
used.

#HZ S RI R 50

! Rohde & Schwarz ZVA/B

!

! Frequency Real part Imaginary part
1.00000E+07 1.57630E-03 -2.22580E-03
5.00000E+07  1.37430E-03 -4.56010E-04
1.00000E+08 8.08320E-04 -1.36200E-04
3.00000E+08  1.45920E-04 -2.67880E-04

Fig. 6-11 ASCII file with reflection data in Touchstone format *.s1p

Important:  Reflection coefficients must always be saved with the real
and imaginary parts. Other formats are not supported.

Structure of a file with the uncertainties of the reflection measurement

The expanded linear uncertainties with k = 2 are to be saved as a function of the frequency. A period
must be used as a decimal separator. The left column contains in each case the frequency starting at
which the measurement uncertainty specified in the right column is valid. The value in the last row is
logically valid up to the sensor's upper frequency limit. In most cases, only a few entries are needed, and
the measurement uncertainty file can be applied universally. The header indicated with # only needs to
contain the frequency unit used in the table (HZ|IKHZ|MHZ|GHZ) and the identifier for the measurement
uncertainty file (U). Comments can be inserted directly after the header following an exclamation point
(). Any desired file name can be selected.

# HZ U

!

! Frequency  Uncertainty (k=2)
1.00E+07 0.005
2.41E+09 0.007
8.01E+09 0.009
12.41E+09 0.010

Fig. 6-12  ASCII file with measurement uncertainties
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Creating, editing and saving a file in "RF" format

Measurement files in "RF" format contain all of the information needed for matching of a sensor. Be-
sides the measurement data and measurement uncertainties, they also contain information about the
sensor and calibration. Table 6-4, Table 6-5 and Table 6-6 show examples of the format and content of
these files. The three examples differ in terms of how the reflection measured values are presented.
The preferred format with all of the necessary information is shown in Table 6-5. If the measurement da-
ta is available only in scalar form and can thus be used only for reporting and for computing the mis-
match uncertainty in the calibration of absolute accuracy, use the format in Table 6-6. A file like the one
in Table 6-4 has the same information content as one in the preferred format, but it also includes the
magnitudes of the reflection coefficients.

Files in the "RF" format must be saved in the ...\recal\measure.dat directory. The file name must con-
tain the type of the sensor and its serial number in the following format:

rf (<type>) <serial no.>
For a sensor of type R&S®NRV-Z15 with serial number 102972, the file name would be as follows:
rf(NRP-Z21)102972

It is sometimes helpful to edit an "RF" file created by R&S®Recal+ (after importing the Touchstone and
measurement uncertainty file) in order to enter information that is not contained in the original files. This
includes information about the measuring instruments that were used, the name of the technician and
data on the temperature and humidity (see Table 6-4 to Table 6-6).
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Table 6-4
ant 1)

Measurement file rf(NRP-Z21)102972 for checking reflection (NRP sensors, vari-

[SENSOR-MEAS-DATA-FILE]

Designation as measurement file

CalDataType = REFLECTION DATA Designation as reflection data

Devicelist = List of measuring devices; a

"VNA, HP, 8510, 8430F9241, 199710A4435, 1998-05" separate line is to be provided

" " for each component:

DataBlockEnd "<designation>, <manufacturer>,
<type>, <serial no.>, <certificate
no.>, <calibration expiry date>"
The list must be terminated with
DataBlockEnd.

TestEngineer = "Peter Schmidt" Name of test engineer

Humidity = "40 to 60" Rel. humidity in %

// % r.H. Comment line

Temperature = "20 to 25" Temperature range in °C

// °C Comment line

SerialNo = "102972" Serial number

StockNo = "1081.2305.02" Material number

SensorType = "NRP-Z11" Type designation

Date = "2004-05-12" Calibration date (12 May 2004)

DataPoints = 45 Number of frequencies

ValuesPerPoint = 5 Number of values per measure-
ment point

Value = Assignment of calibration values

// Reflection coefficient of DUT Comment line

// f£/Hz | Magnitude | Uncert. | Real part | Imaginary part Comment line

5.000E+7 0.8783E-1 0.40E-2 0.7350E-1 0.4808E-2 List of values, with columns sepa-

1.000E+8 0.2650E-1  0.40E-2 0.1584E-2 0.2645E-1 rated by at least one space.

5.000E+8 0.9632E-2  0.40E-2 0.2937E-2 0.9173E-2 The list must be terminated with
DataBlockEnd.

o Reflection coefficient:

""" absolute value of the reflection co-

8.000E+9  0.32506E-1 1.20E-2 0.1742E-2 0.3245E-1 efficient

DataBlockEnd Uncertainty: expanded meas-
urement uncertainty (k=2) for the
reflection coefficients
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Table 6-5 Measurement file rf(NRP-Z21)102972 for checking reflection (NRP sensors, vari-

ant 2)

[SENSOR-MEAS-DATA-FILE]

CalDataType = REFLECTION_DATA

Devicelist =
"VNA, HP, 8510, 8430F9241, 199710A4435, 1998-05"

" "

DataBlockEnd

TestEngineer = "Peter Schmidt"
Humidity = "40 to 60"

// % r.H.

Temperature = "20 to 25"

// °C

SerialNo = "102972"

StockNo = "1081.2305.02"
SensorType = "NRP-Z21"
Date = "2004-05-12"
DataPoints = 45

ValuesPerPoint = 4

Value =

// Reflection coefficient of DUT

//f/Hz | Real part | Imaginary part | Uncertainty
5.000E+7 0.7350E-1 0.4808E-2 0.40E-2
1.000E+8 0.1584E-2 0.2645E-1 0.40E-2
5.000E+8 0.2937E-2 0.9173E-2 0.40E-2
4.000E+10 0.1742E-2 0.3245E-1 1.20E-2
DataBlockEnd

Designation as measurement file

Designation as reflection data

List of measuring devices; a
separate line is to be provided
for each component:

"<designation>, <manufacturer>,
<type>, <serial no.>, <certificate
no.>, <calibration expiry date>"

The list must be terminated with
DataBlockEnd.

Name of test engineer

Rel. humidity in %

Comment line

Temperature range in °C
Comment line

Serial number

Material number

Type designation

Calibration date (12 May 2004)
Number of frequencies

Number of values per measurement
point

Assignment of calibration values
Comment line
Comment line

List of values, with columns sepa-
rated by at least one space.

The list must be terminated with
DataBlockEnd.

Uncertainty: expanded meas-
urement uncertainty (k=2) for the re-
flection coefficients
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Table 6-6 Measurement file rf(NRV-Z15)843275.034 for checking reflection (R&S®N RV and
R&S®URVS5 sensors)

[SENSOR-MEAS-DATA-FILE] Designation as measurement file

CalDataType = REFLECTION DATA Designation as reflection data

Devicelist = List of measuring devices; a

"VNA, HP, 8510, 8430F9241, 199710A4435, 1998-05" separate line is to be provided

o for each component:

DataBlockEnd "<designation>, <manufacturer>,
<type>, <serial no.>, <certificate
no.>, <calibration expiry date>"
The list must be terminated with
DataBlockEnd.

TestEngineer = "Peter Schmidt" Name of test engineer

Humidity = "40 to 60" Rel. humidity in %

// % r.H. Comment line

Temperature = "20 to 25" Temperature range in °C

// °C Comment line

SerialNo = "843275/034" Serial number

StockNo = "1081.2305.02" Material number

SensorType = "NRV-Z15" Type designation

Date = "2004-05-12" Calibration date (12 May 2004)

DataPoints = 45 Number of frequencies

ValuesPerPoint = 3 Number of values per measurement
point

Value = Assignment of calibration values

// Reflection coefficient of DUT Comment line

//f/Hz | Magnitude | Uncertainty Comment line

5.000E+7 0.8783E-2 0.40E-2 List of values, with columns sepa-

1.000E+8 0.8820E-2 0.40E-2 rated by at least one space.

5.000E+8 0.9124E-2 0.40E-2 The list must be terminated with
DataBlockEnd.

Uncertainty: expanded meas-
urement uncertainty (k=2) for the re-

4.000E+10  8.7455E-2 1.20E-2 B G

DataBlockEnd
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S-parameter file for sensors with attenuators

The R&S®NRP-722/-723/-724/-792 power sensors each contain two calibration data sets in the sen-
sor's data memory. The first data set characterizes the power sensor and the second the attenuator in
the form of all four S-parameters. The data for the attenuator can also be refreshed by providing
R&S®Recal+ with a file with current measurement data.

Table 6-7 gives an example of the structure of a file of this type in "RF" format for a power sensor of
type R&S®NRP-Z22. Besides general information, this file contains a complete set of complex S-
parameters for the attenuator. The S-parameters must be provided exclusively in linear notation, and for
the measurement uncertainties a distinction is made between the reflection and transmission parame-
ters. For the reflection coefficients s,; and s,,, the absolute uncertainties are necessary, while for the
transmission coefficients s, and s,, the relative uncertainties (in dB) are necessary. The uncertainties
must be expanded by the factor k = 2 and refer in each case to the magnitudes.

The measurement frequencies in the calibration data set for an attenuator are generally more tightly
spaced than the calibration frequencies of the power sensor. This is due in particular to the fact that the
complex reflection coefficients of the power attenuators change faster vs. frequency than the reflection
coefficients at the input of the power sensors, which is related to the longer line lengths inside the at-
tenuators. If the spacing between the frequency points is too large, significant errors will arise in gamma
correction between the power sensor and attenuator. In general, a frequency spacing of 50 MHz is ade-
quate. It is best to select the frequency points in the existing calibration data set which can be read out
with the Create NRP View file dialog and saved as an ASCII file in the ...\recal+\config32.dat direc-
tory. The parameters for the attenuator can be found under the S-Parameter Calibration Data entry.

The R&S®ZVX_RECAL additional program does not support calibration of the attenuators since the
possibility of significant measurement errors is much greater compared to power calibration. Accord-
ingly, only experienced personnel should be allowed to perform calibration of attenuators using suitable
measurement setups.
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Table 6-7

Measurement data file SP(NRP-Z22.002)100042 for the S-parameters for the attenuator of an R&S®NRP-Z222 sensor

[SENSOR-MEAS-DATA-FILE]

Designation as measurement file

CalDataType = S PARA DATA S-parameter measurement data

Devicelist = List of measuring devices; a separate

/ / <designation>, <manufacturer>, <type>, <serial no.>, <certificate no.>, <calibration expiry date>* line is to be provided for each compo-

"VNA, HP, 8510, 8430F9241, 199710A4435, 1998-05" nent. The list must be terminated with

noom DataBlockEnd.

DataBlockEnd

TestEngineer = "Peter Schmidt" Name of test engineer

Humidity = "40 to 60" Rel. humidity in %

// % r.H. Comment line

Temperature = "20 to 25" Temperature range in °C

// °C Comment line

SerialNo = "654321" Component serial number

StockNo = "1234.5678.90" Material number of component

ComponentType = "Weinschel 10 dB attenuator" Component type designation

Date = "2001-10-21" Calibration date

CalibrationlLab = "R & S Messgeridtebau Memmingen" Calibration location

Family = ALL Not a member of any specific sensor
family

DataPoints = 360 Number of measurement frequencies

ValuesPerPoint = 13 Number of columns per frequency
point

ComplexData = TRUE Indicates that the measurement values
are real and imaginary components of
a complex value

Value = Assignment of calibration values

//f/Hz re sll im sll wunc_sll re sl12 im sl12 wunc_sl2 re s21 im s21 wunc_s21 re s22 im s22 unc_s22 | Commentline (no line break!)

5.0E7 0.88F-2 0.40F-2 0.005 3.161F-1 0.240F-4 0.04 3.180F-1 0.861F-4 0.04 0.12E-1 0.11E-3 0.005 |[jst of values, one line per measure-

...... ment frequency, with columns sepa-

...... rated by at least one space.

18.0E9 0.88E-1 0.22E-1 0.010 0.111E-2 2.462E-1 0.07 0.263E-2 2.501E-1 0.07 0.72E-1 0.41E-1 0.010 | The list must be terminated with Dat -

DataBlockEnd aBlockEnd.
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Linearity

Linearity calibration of the R&S®NRV-Z6 and R&S®NRV-Z15 sensors is not possible with the
R&S®NRVC since the 50 MHz frequency that is used is too low for these sensors. Instead, the meas-
urements must be performed at 500 MHz, for example using the measurement setup shown in Fig.
6-13.

The R&S®NRV-Z1 or R&S®NRV-Z4 sensor which is used as a reference should have been linearized
immediately beforehand using the calibration kit under the same ambient conditions and remain con-
nected to the R&S®NRVD channel on which it was linearized. The harmonic ratio of the filtered genera-
tor signal should be at least 70 dB. Since the R&S®NRV-Z6 and R&S®NRV-Z15 themselves generate
harmonics outside the square law region, the two attenuators must be used to provide decoupling. The
precise attenuation values are not critical. The measured values are transferred in a file as shown in
Table 6-8. This file contains the power value pairs at the reference sensor and at the DUT as well as
general information. The size of the various power steps can be found under the header LinLevel in
the configuration file for the DUT (Fig. 6-14).

Generator (SMGLY
Oberwellenfilter (500 MHz)

B/ o

10dB

MRV-Z1)0-74 MRV-ZB-Z18 (DUT)

Power Splitter (RWZ)

Fig. 6-13  Measurement setup for linearity calibration of the R&S®NRV-Z6 and R&S°NRV-Z15

DUT filter setting > linFilter = 7

Power steps (£0.5 dB) > linLevel =
1.00E-006
1.58E-006
2.51E-2

DataBlockEnd
Power (0.5 dB) at the .
reference point > freqLevel = 1.0E-6

Fig. 6-14 Extract from configuration file nrv-z15.002 (linearity)
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In addition to each pair of values, the measurement file contains the expanded (k=2) measurement un-
certainty Uy, in dB as the third quantity. Essentially, this is the expanded uncertainty Ui, Of the refer-
ence sensor for ratio measurement plus a component for the R&S®NRVD:

2
Ureflin
Uy, =2+ J(Tj +3- uIZ\IRVD,l

If a newly calibrated R&S®NRV-Z1 or R&S®NRV-24 power sensor is used as a reference, Ujin can be
taken from the linearity calibration report. The following applies to the R&S®NRVD's component:

Ungyp, =0.0039 dB

Enter the ratio of the power measured by the DUT to the reference power at the reference point
(freqLevel) under RefValue.
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Table 6-8

Measurement file In(NRP-Z11.002)900123 for checking the linearity

[SENSOR-MEAS-DATA-FILE]

CalDataType = LIN_RESPONSE
Family = NRP

Devicelist =
"Power Sensor, R&S, NRV-7Z1l, 856345/011, 199A5, 1998-05"
"Power Meter, R&S, NRVD, 845123/018, 567B221, 1999-10"

n n

DataBlockEnd

TestEngineer = "Peter Schmidt"
Humidity = "40 to 60"

// % r.H.

Temperature = "20 to 25"

// °C

SerialNo = "900123"

StockNo = "1138.3004.02"

SensorType = "NRP-Z11"
CalibrationlLab = "SE2 Service Dept"
Date = "2004-05-12"

RefValue = 1.0024

RefUnit = -1

Test Frequency = 500.0E6

DataPoints = 24

ValuesPerPoint = 3

ValueUnit = W

Designation as measurement file

Designation as linearity data

NRP (also valid for R&S®FSH) or
NRYV (also valid for R&SCURV5)

List of measuring devices; a
separate line is to be provided
for each component:

"<designation>, <manufacturer>,
<type>, <serial no.>, <certificate
no.>, <calibration expiry date>;"

The list must be terminated with
DataBlockEnd.

Name of test engineer

Rel. humidity in %

Comment line

Temperature range in °C
Comment line

Serial number

Material number

Type designation

Name of Calibration Lab
Calibration date (12 May 2004)
Pput / Pres for the reference point
Reference value code
Measurement frequency
Number of frequencies

Number of values per measurement
point

Unit of Value, V for sensors which
are marked as VoltageSensor in the
config file

Value = Assignment of calibration values

// P_ref/w P_DUT/W uncertainty U 1in/dB Comment line

9.95123E-7 9.9751E-7 2.50E-2 List of values, columns separated by

1.57230E-6 1.5761E-6 2.50E-2 at least one space.

...... Uncertainty U 1in/dB: ex-
panded measurement uncertainty

""" (k=2) in dB for power ratio measure-

2.46220E-2 2.4631E-2 2.50E-2 ments

DataBlockEnd The list must be terminated with
DataBlockEnd.

SubstrateTemperature = 0.300000000E+3 Only NRP and FSH, fixed value.
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Absolute Accuracy

Calibration of the absolute accuracy can also be performed on a separate power calibration measure-
ment setup.

The measurement results are transferred to the calibration software in an ASCII file in accordance with
Table 6-9 (R&S®NRV or R&S®URVS5 sensors) or Table 6-10 (R&S®NRP and R&S®FSH sensors). In ad-
dition to general information, this file contains the measured power value pairs for the standard and the
DUT at each frequency point. The measurement frequencies and the calibration power levels can be
obtained from the DUT configuration file:

Reference frequency index > FRQREF = 2
Measurement frequencies > frequencyresponse=
50E6 , 1.0
100E6 , 1.0
500E6 , 1.0
40E9 , 1.0
DataBlockEnd
Meas. power (£1.0 dB) > freqLevel = 1.0E-6
Filter setting > freqFilter = 7

Fig. 6-15  Extract from configuration file nrv-z15.002 (absolute accuracy).

For every frequency point, the expanded (k=2) measurement uncertainty U,, in dB must be stated as
the fourth quantity in the measurement file. Essentially, this is the expanded (k=2) measurement uncer-
tainty Ulrabs Of the calibration system (including the mismatch uncertainty) plus a component for the
base unit and the ambient temperature and, in the case of the R&S®NRV-Z6 and R&S®NRV-Z15 diode
sensors, a component that takes the effect of harmonics into account:

2
Ur f,ab: 2 2 2
Ugs =2+ [ Z’aSJ +MNRVD,1+[0‘T,DUT(T_296-15K)] U one

Unryp, =0.0039 dB

appur = 0.0015 dB/K  [R &SNRV -Z6/-Z15]
0.0005 dB/K [R &SNRV —2752/-755]

T = Sensor temperature in K
__S_
Unone _ Pyt .10 2048
dB 4 uW

Ppyr is the power at the DUT, S the harmonic ratio. At a measurement power of 1 yW and a harmonic

ratio of 25 dB, for example, the uncertainty u;, o, = 0.028 dB.

The default frequency defined for the sensor type in question must be entered as the reference fre-
quency RefVvalue. This is the frequency that is accepted by the base unit when the frequency-response
correction is turned off.
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The default frequency can be found in the corresponding configuration file, where the index FRQREF in-
dicates the corresponding value in the frequency table (index 0 = 1st measurement frequency). In the

example above (FRQREF=2), RefValue=5E8 would have to be entered.

Table 6-9

Measurement file fr(NRV-215.002)843275.034 for checking absolute accuracy

[SENSOR-MEAS-DATA-FILE]

CalDataType = FREQ RESPONSE

Family = NRV
Devicelist =
"Power Sensor, HP, 8478B, 3318A2465, 199A5, 1998-05"
"Power Meter, HP, 432A, 1234A10012, 199A6, 1999-10"

n n

DataBlockEnd

TestEngineer = "Peter Schmidt"
Humidity = "40 to 60"

// % r.H.

Temperature = "20 to 25"

// °C

SerialNo = "843275/034"
StockNo = "1081.2305.02"

SensorType = "NRV-Z15"
Date = "2004-05-12"
FKF = TRUE

RefVvalue = 500.00000E+6
RefUnit = Hz
TestLevel = 1.000000000E-6

GammaCorrection = TRUE

DataPoints = 45

ValuesPerPoint = 4

ValueUnit = W

Designation as measurement file
Designation as measurement data
for absolute accuracy

Also NRV for URVS sensors

List of measuring devices; a
separate line is to be provided
for each component:

"<designation>, <manufacturer>,
<type>, <serial no.>, <certificate
no.>, <calibration expiry date>"

The list must be terminated with
DataBlockEnd.

Name of test engineer

Rel. humidity in %

Comment line

Temperature range in °C
Comment line

Serial number

Material number

Type designation

Calibration date (12 May 2004)

Measurement done with frequency
correction turned on, should be al-
ways TRUE.

Reference frequency
Reference frequency unit
Nominal level for Measurement

Measurement with/without gamma
correction

Number of frequencies

Number of values per measurement
point

Unit of Value and TestLevel, V for
sensors which are marked Voltage-
Sensor in the config file.

Value = Assignment of calibration values
// f£/Hz Ref. pwr./W DUT pwr./W Uncertainty U abs/dB| Comment line
5.00000E7 1.0034E-6 9.9987E-7 1.44E-2 List of values, columns separated by
1.00000E8 1.0141E-6 1.0187E-6 1.46E-2 at least one space.
5.00000E8 1.0273E-6 1.0337E-6 1.51E-2 Uncertainty U abs/dB: exX-
panded uncertainty (k=2) for calibra-
tion of absolute accuracy.
The list must be terminated with Dat -
4.00000E10 9.0114E-7 8.8547E-7 2.88E-1 sBlecking
DataBlockEnd
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Table 6-10

Measurement file fr(NRP-Z211.002)900123 for checking absolute accuracy

[SENSOR-MEAS-DATA-FILE]
CalDataType = FREQ RESPONSE

Family = NRP
Devicelist =
"Power Sensor, HP, 8478B, 3318A2465, 199A5, 1998-05"
"Power Meter, HP, 432A, 1234A10012, 199A6, 1999-10"

DataBlockEnd

TestEngineer = "Peter Schmidt"
Humidity = "40 to 60"

// % r.H.

Temperature = "20 to 25"

// °C

SerialNo = "900123"

StockNo = "1138.3004.02"

SensorType = "NRP-Z11"

Date = "2004-05-12"

Calibrationlab = "SE2 Service Dept"
FKF = TRUE

RefValue = 500.00000E+6

RefUnit = Hz

GammaCorrection = TRUE

TestLevels =
10.00E-6
1.00E-3
1.00E-3

DataBlockEnd

DataPoints = 45
ValuesPerPoint = 4

ValueUnit = W

Value =

// £/Hz  Chl Ref Pwr/W Chl DUT Pwr/W Chl unc/dB
=Ch2 Ref Pwr/W Ch2 DUT Pwr/W Ch2_ unc/dB

Ch3 Ref Pwr/W =Ch3_ DUT Pwr/W Ch3 unc/dB

10.00000E+6 0.012600394E-3 0.012583287E-3 0.02949060

=1.26928072E-3 1.2674270E-3 0.0267329 1.269419463E-3
=1.268397333E-3 0.027131145

8.0000000E+9 0.0101924E-3 0.01018197E-3 0.04508305

=1.0275804E-3 1.02591166E-3 0.0363610 1.02847939E-3
=1.027831333E-3 0.036797888

DataBlockEnd

SubstrateTemperature = 0.300000000E+3

Designation as measurement file

Designation as measurement data
for absolute accuracy

Also NRP for FSH sensors

List of measuring devices; a
separate line is to be provided
for each component:

"<designation>, <manufacturer>,
<type>, <serial no.>, <certificate
no.>, <calibration expiry date>"

The list must be terminated with
DataBlockEnd.

Name of test engineer

Rel. humidity in %

Comment line

Temperature range in °C
Comment line

Serial number

Material number

Type designation

Calibration date (12 May 2004)
Name of Calibration Lab
Always TRUE for R&S®NRP sensors
Reference frequency
Reference frequency unit

Measurement with/without gamma
correction

Nominal levels of Measurements for
3 path sensors

For R&S®NRP-Z51:

TestlLevel = ... without DataBlockEnd

Number of frequencies
Number of values per meas. point

Unit of Value and TestLevel (always
W for R&S®NRP sensors).

Assignment of calibration values

Comment line, data must be given in
this order

List of values (here NRP), number of
columns must be ValuesPerPoint,
columns separated by at least one
space.

Uncertainty U abs/dB: exX-
panded uncertainty (k=2) for calibra-
tion of absolute accuracy.

The list must be terminated with
DataBlockEnd.

Only for R&S®NRP and R&S®FSH,
fixed value.
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Measurement Uncertainty

The measurement uncertainties for absolute accuracy and linearity specified in the calibration report are
calculated individually for each sensor by the calibration software, based on the ISO Guide to the Ex-
pression of Uncertainty in Measurement*). The measurement uncertainty contributions of the different
influence quantities are combined statistically. The calculated measurement uncertainty is the "ex
panded uncertainty" with an expansion factor of k=2. Assuming normal distribution of the values, the un-
certainty range has a coverage probability of 95%.

The influence quantities relevant for calculating the measurement uncertainty are explained in the fol-
lowing, and the formulas for the associated relative standard uncertainties u; are specified in dB. The
expanded measurement uncertainty U is calculated based on the following equation:

U _, 5[
B —~\ dB

Calibration of Absolute Accuracy

The relevant influence quantities for the calibration are listed in Table 6-11 (R&S NRP-Z/FSH-Z sen-
sors) and Table 6-12 (R&S®NRV Z | R&S®URV5-Z sensors). The individual influence quantltles related
to the measurement uncertainty for the power standards are presented separately for the R&S®NRPC
power standards. The influence quantities are explained below in greater detail:

1. Measurement uncertainty of the power standard O)

R&S®NRPC calibration kit

This expresses the uncertainty of the power of the emanating wave at the test gort The influence quan-
tities are shown in Table 6-13. During operation of an R&S"NRPC33 or R&S"NRPC40 with the 20 dB
reference attenuator, the influence quantities in Table 6-14 must also be taken into account.

R&S®NRVC calibration kit

This expresses the uncertainty of the power of the emanating wave at the test port. The uncertainty is
calculated by means of the R&S®NRVD firmware based on the 1ISO Guide and influence quantity num-
bers 20 to 26 in Table 6-15 are taken into account. To avoid rounding errors, the value read out from the
R&S®NRVD with a resolution of 0.01dB is increased by 0.005 dB prior to further processing in
R&S®Recal+.

The expanded measurement uncertainty of the R&S®NRVC power standard can be manually displayed
at any time by pressing the DISP key and selecting the LEV+UNC menu item on the R&S®NRVD base
unit (e.g. 1.0045 mW 0.12 dB RSS), or it can be read out with the corresponding remote control com-
mand. In both cases, the standing wave ratio (SWR) of the connected component (DUT or 20 dB refer-
ence attenuator) has to be transferred to the R&S®NRVD. During usage of the 20 dB reference attenu-
ator, the influence quantities shown in Table 6-16 must also be taken into account.

* ) ISO Guide to the Expression of Uncertainty in Measurement. First edition 1993, corrected and reprinted 1995, Interna-
tional Organization for Standardization, Geneva, Switzerland, ISBN: 92-67-10188-9, 1995.
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Table 6-11 Influence quantities for calibration of absolute accuracy
(R&S®NRP-Z and R&S®FSH-Z sensors)
Power sensor Power sensor Power sensor
DUT =) (therm.) (diode) (diode)
R&S® NRP-Z5x R&S®... R&S®...
NRP-Z11,-Z21 | NRP-Z211, -Z221 | NRP-Z22, -Z23
-Z31, -Z91 -Z81, -Z85 -Z24, -792
FSH -zZ1, -Z18 -Z86
Item Calibration level / dBm =) 0 -20/0 -10 _20/0*
no. U Influence quantity
1 Measurement uncertainty of power stan- [ ] [ ] [ ] L]
dard
2 Reproducibility of RF connection at test [ ] [ ] [ ] L]
port to DUT
3 Influence of 2nd and 3rd harmonics L] L] o
4 Ambient temperature (DUT) L] L] L] o
5 Zero offset and display noise (DUT) L] L] L] o
6 Measurement uncertainty of reference o o
meas. path in DUT
7 Measurement uncertainty for DUT's at- L]
tenuator
Table 6-12 Influence quantities for calibration of absolute accuracy
(R&S®NRV-Z / R&S®URV5-Z sensors)
Power sensor Power sensor Insertion unit RF probe
DUT =) (therm.) (diode)
R&S®... R&S®... R&S®... R&S®...
NRV-Z51 NRV-Z1| NRV -Z2 | URV5-Z2 | URV5-Z4 | URV5-Z7
-Z52 -Z4 -Z5
-Z53 -Z7 -Z8
-Z54 - -Z32
-Z55 Z31 -Z33
Item Calibration level / dBm =) 0/+10 -30/- -10/ -30 -10 -30
no. ¥ Influence quantity 20 0/+10
1 Measurement uncertainty of power stan- [ ] L] L] L] L]
dard
1-A Measurement uncertainty of power stan- ° ° °
dard with reference attenuator @
2 Reproducibility of RF connection at test ° ° ° ° ° °
port
3 Influence of 2nd and 3rd harmonics L] o o o o
4 Ambient temperature (DUT) ° ° ° ° o °
5 Zero offset and display noise (DUT) ° ° ° ° ° °
8 Mismatch of termination o o
9 Measurement uncertainty of base unit for ° ° ° ° ° °
absolute power measurements (DUT)
" On sensor; without attenuator.
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Table 6-13 Influence quantities for the measurement uncertainty of the
R&S®NRPC power standard (0.

Item no. | Influence quantity 13 Linearity uncertainty
10 Measurement uncertainty by ref- 14 Ambient temperature
er?tnce to internal reference cir- 15 Zero offset and display noise
11 Calibration uncertainty
12 Mismatch uncertainty at test
port
Table 6-14 Additional influence quantities for the measurement uncertainty of the

R&S®NRPC power standard with 20 dB reference attenuator (2).

Item no. | Influence quantity

16 Reproducibility of RF connection
at output of reference attenuator

17 Calibration uncertainty of 20 dB
reference attenuator

18 Mismatch uncertainty between
DUT and reference attenuator

Table 6-15 Influence quantities for the measurement uncertainty of the
R&S®NRVC power standard () .
Item no. | Influence quantity 24 Zero offset and display noise
19 Measurement uncertainty in 25 Quantization noise
gaze of verification with DC volt- 26 Measurement uncertainty of
9 base unit after DC calibration of
20 Calibration uncertainty power standard
21 Mismatch uncertainty at test
port
22 Linearity uncertainty
23 Ambient temperature

Table 6-16 Additional influence quantities for the measurement uncertainty of the
R&S®NRVC power standard with 20 dB reference attenuator ().

Item no. [ Influence quantity 29 Reproducibility of RF connection
at output of reference attenuator

27 Calibration uncertainty of 20 dB
reference attenuator

28 Mismatch uncertainty between
DUT and reference attenuator
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2. Reproducibility of RF connection at test port of power standard ®

For the standard uncertainty u, of the random attenuation deviation from the average value, the following
equation applies:

u, _ U

B JN

The value N is the number of measurement cycles (1, 2, 3, 4), and u;,; is a specified value *) for N con-
nectors (made of stainless steel, 10000 plugging operations). The spread for the other connectors was
estimated on an empirical basis from statistical analyses.

Table 6-17 Spread (1c) of insertion loss of connectors of type N-50Q
Frequency 0 to 8.0 GHz > 8.0 GHz to 12.4 GHz > 12.4 GHz to 18 GHz
u,y / dB 0.0045 0.0070 0.0105
Table 6-18 Spread (1c) of insertion loss of connectors of type PC 3.5 mm, PC 2.92 mm and
PC 2.4 mm
Frequency 0 to 2.0| >2.0GHzto > 8 GHz to 13 > 13 GHz to > 26.5 GHz to > 40 GHz to 50
GHz 8.0 GHz GHz 26.5 GHz 40 GHz GHz
u,/ dB 0.003 0.005 0.0070 0.009 0.011 0.013

3. Influence of 2nd and 3rd harmonics

Harmonics of the test signal can influence the measurement accuracy of power or voltage sensors using
diode rectifiers. Compared to a thermal power meter (as used in the power standard), a power level that
is slightly too high or too low is measured depending on the phase of the second and third harmonics
with reference to the fundamental. Based on the maximum measurement errors*) determined empiri-
cally and by applying a u distribution as a function of phase angle, a formulation for the standard uncer-
tainty u, is obtained. This formulation depends on the actual configuration of the detector and is de-
scribed below for the various types of sensors.

R&S®NRP-Z11/-221/-222/-723/-Z24/-Z31/-291/-292 and R&S®FSH-Z1/-Z18 3-path sensors

These sensors are multi-path devices with a full-wave rectifier. The uncertainty must be determined
separately for each measurement path. For the standard uncertainty u;,, the following formulation is ap-
plied:

S+30dB

Uy _ Pour

Uy _ 1o 2048

dB P 1021

where

k Measurement path (1, 2, 3)

Ppyr  Calibration power

S Ratio of the generator's third harmonic (see configuration files)
Pref 9 MW

*) D. Bergfried, H. Fischer: Insertion-Loss Repeatability Versus Life of Some Coaxial Connectors. IEEE Trans. on Instrumen-
tation and Measurement, Vol. IM-19, No. 4, pp. 349-353 (Table |), November 1970.

*)  Voltage and Power Measurements — Fundamentals, Definitions, Products. ROHDE & SCHWARZ publication
PD 757.0835.12 (Fig. 28), 1995.
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R&S®NRP-Z211/-Z221 2-path sensors

The R&S®NRP- Z211/-Z221 devices are two-path sensors with a full-wave rectifier. The uncertainty
must be determined separately for each measurement path. For the standard uncertainty uy,, the follow-
ing formulation is applied:

_ $+30dB

Wy _ Pour 20dB

dB Pref '500]{71

where

k Measurement path (1,2)

Ppyr  Calibration power

S Ratio of the generator's third harmonic (see configuration files)
Pt 72 uW

R&S®NRP-Z81, -Z85, -Z86 wideband power sensors

The R&S®NRP-Z81, -Z85, -Z86 devices are wideband power sensors with a full-wave rectifier. For the
standard uncertainty u,, the following formulation is applied:

S
Uy 2.17 ‘lo‘m

dB 14+ P
PDUT
where
Pt 300 pw
Ppyr  Calibration power
S Ratio of the generator's third harmonic (see configuration files)

For the wideband power sensors, an additional error must be taken into account besides the influence of
the harmonics produced by the generator. This is due to the fact that wideband power sensors generate
their own disruptive harmonics. These harmonics are reflected partially at the power standard's test port
and thus cause a change in the input signal. The share of the reflected harmonic is determined by the
reflection at the test port at the frequency of the harmonic. In the frequency range up to 4 GHz, the influ-
ence is dominated by the third harmonic. At higher frequencies, the influence of the second harmonic
predominates.

Frequency <4 GHz
Py

57107 W+ Py,

u

- 0.062-|75(3- f)
Frequency > 4 GHz
Py

3.5:-10*W+ P,

”;LBSzo.o37-|rS(2-f)|

|7(v)|=0.35 firv<1.05- f,,
|75(v)|=0.90 fiirv>1.05-f,,

where

Py Calibration power in W
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|FS (V)| Assumption for the magnitude of the reflection coefficient at the test port of the power stan-
dard at the frequency of the harmonic
Jup Upper frequency limit of the power standard (see Table 1-1), e.g.: 40 GHz for an

R&S®NRPC40. For measurement frequencies below 4 GHz, set v to triple the value of the
measurement frequency, and above this set it to double the value

R&S®NRV and R&S®URV5 sensors

These sensors have only one measurement path, but a distinction must be made on the basis of the
type of rectifier (see Table 6-19). For the standard uncertainty u;, o USiNng a half-wave rectifier, the fol-
lowing equation applies:

N
uh,one _ PDUT . 107m
dB Prcf

For the standard uncertainty u;, ., Using a full-wave rectifier, the following equation applies:

_ 5+30dB
Uh,two _ Four 1o 20dB

dB P

ref

It is assumed that the measurement errors occurring for a half-wave rectifier are caused mainly by the
second harmonic and for a full-wave rectifier mainly by the third harmonic.

S is the harmonic ratio for the generator used in dB (see configuration files), Ppyr is the calibration pow-
er for the DUT in W and P, is a reference power in W specified for the corresponding sensor.

Table 6-19 Characteristic values for the R&S®NRV-Z and R&S®URV5-Z diode sensors
Sensor tyge NRV-Z1, -Z6, NRV-Z2, -Z8 | NRV-Z4, -Z31 | NRV-Z5, -Z32 | NRV-Z33 | URV5-Z2, -Z7 | URV5-Z4
> R&S"... -Z7, -Z15
P 4 W 400 pW 1 uW 100 pW 1 mw 1 uW 100 pW
Rectifier Half-wave Half-wave Full-wave Full-wave Full- Full-wave Full-
wave wave

4. Ambient temperature (DUT)

All sensors except R&S®NRP-281/-285/-286 wideband power sensors

Since the calibration uncertainty stated in the calibration report is valid for an ambient temperature of 23
°C (296.15 K), an additional measurement uncertainty has to be taken into account for the DUT at other
calibration temperatures. For a standard uncertainty ur ., the following equation applies:

u abs
(Ti'B" =aty purdT —296.15K)

T is the ambient temperature (in Kelvin) measured by the R&S®NRVD or R&S®NPR2 in the power stan-
dard and arpyr is a standard deviation of the remaining temperature coefficient for the DUT after inter-

nal temperature correction, valid for the range from 20 °C to 25 °C. For diode sensors, a value of
0.0015 dB/K is generally assumed, and for thermal sensors, a value of 0.0005 dB/K.
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R&S®NRP-Z81/-285/-786 wideband power sensors

The ambient temperature has only a slight impact with these sensors since internal correction is per-
formed at each operating temperature. In the end, there is only a small influence in the sensor due to
the temperature measurement. Independent of the frequency, level and temperature, a standard uncer-
tainty is assumed for this influence as follows:

uT,abs _ 2 . 1073
dB

5. Zero offset and display noise (DUT)

R&S®NRP-Z11/-221/-222/-223/-Z24/-731/-Z91/-292 and R&S®FSH-Z1/-Z18 3-path sensors

In the three-path sensors, the influence of the zero point and noise is taken into account with the follow-
ing equation:

2 2
Uzin,DUT _ 2172 Byoum.o s + P, pur)0
dB IN W\ Poyr 10720 ) 21 M | P,y 107260

N Number of measurement cycles (1, 2, 3, 4)

k Measurement path (1, 2, 3)

2T, Width of measurement window (generally 2x20 ms)
M Averaging factor (2, 4, 8, etc.)

Ppur Calibration power

Prounyo 2-odisplay noise for path 1 at a measurement time of 1 s (typ. 128 pW)
P,ouryo Zero offset for path 1 at an integration time of 4 s (typ. 64 pW)

R&S®NRP-Z211/-Z221 2-path sensors

In the R&S®NRP-2211/-2221 two-path diode sensors, the influence of the zero point and noise is taken
into account with the following equation:

2 2
Uy in,DUT _ 2.172 .500%! Pn(DUT) . Is i PZ(DUT)
dB \/ﬁ Pour 2T\M Pour

N Number of measurement cycles (1, 2, 3, 4)

k Measurement path (1, 2)

2T, Width of measurement window (generally 2 x 20 ms)

M Averaging factor (2, 4, 8, etc.)

Ppur Calibration power

Poour) 2-o-display noise at a measurement time of 1 s (typ. 560 pW)
P,our) Zero offset at an integration time of 4 s (typ. 560 pW)
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R&S®NRP-Z51/-252/-755/-Z56 thermal sensors and R&S®NRP-Z81/-Z85/ -Z86 wideband sensors
In the thermal sensors and wideband sensors, the influence of the zero point and noise is taken into ac-
count with the following equation:

2 2
Uz4nDUT _ 2172 P oum 1s N P, pur)
dB JN Bour 2T M Bour

N Number of measurement cycles (1, 2, 3, 4)
2Ty Width of measurement window
M Averaging factor (2, 4, 8, etc.)
Ppur Calibration power
Poour 2-o-display noise at a measurement time of 1 s (Table 6-20)
P,our) Zero offset (Table 6-20)
Table 6-20 Display noise and zero offset
R&S®NRP-
Sensor type Z51/255 Z52 Z52 251/Z55 Z56 | 781/Z85/Z86
= R&S"... (Var .02) (Var .18) | (var.02) | (Var.03)
Integration time 4s 4s 10's 10s 10s 4s
for zeroing
Paour) 80 nW 80 nW 60 nW 60nW | 60nW 0.74 nW
P,our) 60 nW 60 nW 25 nW 25nW | 25nW 0.46 nW

R&S®NRV and R&S®URV5 sensors

To simplify calculation, the same equation for standard uncertainty is applied for all sensors:

U, npur _ 0.005

dB JN

This equation was derived for R&S®NRV-Z54 sensors. For all other sensor types, the uncertainties that
are calculated using this equation are considerably higher than the values actually to be expected.

6. Measurement uncertainty of the reference path in the DUT

The R&S®NRP-Z11/-221/-222/-723/-Z24/-791/-Z31/Z41/261/-292 and R&S®FSH-Z1/-Z18 sensors each
contain three measurement paths with different sensitivity which must be calibrated individually. The
less sensitive measurement paths 2 and 3 can be adjusted at 0 dBm, while the more sensitive meas-
urement path 1 requires a calibration level of -20 dBm.

Since the R&S®NRPC and R&S®NRVC power standards cannot provide this level at the degree of accu-
racy required, the DUT itself is used as a reference, and specifically the center measurement path (2).
The R&S®Recal+ software ensures that this measurement path was itself adjusted (at 0 dBm) (grior toa
calibration at -20 dBm. In contrast to the method with a 20 dB attenuator connected (see R&S "NRV-Z1
sensor, for example), a somewhat lower total measurement uncertainty and outstanding linearity are
achieved for switchover from one measurement path to another.
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The total measurement uncertainty is larger by the value of the influence of the linearity of measurement
path 2. For this influence quantity, a standard uncertainty is applied as follows:

—4 4
Hinrel _ 11 0,105 L +1.7-10°+6.8-107° - S +1.0-107. S
dB fu GHz GHz

fii 9kHz for R&S®NRP-291/-292,
10 MHz for all other multi-path sensors excluded NRP-Z41/-Z61

For the R&S®NRP-Z41/-Z61 it follows:

2
.
linrel _ 1) 63.104 +17-10° [ —L— |+ 73108 .[ L
dB GHz GHz

7. Measurement uncertainty for connected attenuator

In the case of the R&S®NRP-222/-723/-Z24/-792 sensors, the calibration data is stored separately for
the power sensor and the attenuator so that measurements can also be performed without the attenu-
ator. As a result, the power sensor and the attenuator must also be calibrated separately.

The uncertainties for adjustment of the attenuator are to be transferred in the measurement file for the
attenuator (see section Measurements on a Separate Measurement Setup). These uncertainties are
stored in this form in the sensor data memory and are also output in the test report for the attenuator.
They are not added to the uncertainties for the sensor.

8. Mismatch of termination ®

In case of a mismatch (reflection coefficient /Tgrm), the termination produces standing waves with an
SWR~1+2 |FTERM|. This causes a voltage that is slightly too high or too low to be measured in the
R&SPURV5-Z2 and R&S®PURV5-Z4 insertion units depending on the frequency or phase angle of /tgrum
***). Based on a u distribution of the measurement errors vs. the phase angle as well as a rectangular
distribution of |FTERM| between the specified maximum value |FTERM|maX (see data sheet / technical in-

formation for the R&S®NRVC) and a half multiple of this value, the following value is applied for the
standard uncertainty:

0.75 | Frgra

UTERM max
UTERM _ 5. 1g] | + —— XM lmax.

9. Measurement uncertainty of the R&S®NRVD base unit for absolute power measurements
(DUT)

To account for the influence of the base unit, the following standard uncertainty unrvp 1 is applied:
INRVDL_ 0039
dB

This value has been proven to be adequate provided that the R&S®NRVD is calibrated once a year and
the operating temperature range is 20 °C to 25 °C.

***) Voltage and Power Measurements — Fundamentals, Definitions, Products. ROHDE & SCHWARZ publication
PD 757.0835.12 (Fig. 12/13), 1995.
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Influence Quantities for the Measurement Uncertainty of the R&S®NRPC Power Standard ()
10. Measurement uncertainty during verification with DC voltage

As discussed in the section Built-In Self-Test of the Power Standard on page 66, an in-circuit test is per-
formed prior to each calibration of absolute accuracy using an internal reference circuit. As the remain-
ing measurement uncertainty following this correction, a standard uncertainty is obtained as follows:

Upc,NRPC —22.1072

11. Calibration uncertainty for the power standard

This factor is the uncertainty for the ratio between the power available at the test port in the case of
matching and the power indicated by the R&S®NRP2 at approximately 1 mW.

The calibration uncertainty can be found in the specification for the R&S®NRPC (data sheet, Measure-
ment uncertainty). It is valid assuming prior successful verification of the R&S®NRPC using an
R&S®NRPC-B1 verification set (Chapter 4, Verification).

12. Mismatch uncertainty at the test port of the power standard

Mismatching can cause the power fed to the DUT to be larger or smaller than the value that would occur
in the case of ideal matching. Different measurement uncertainty contributions are obtained depending
on the correction of this influence.

Without gamma correction

If the mismatch is not corrected because no complex reflection coefficients are available, for example,
the following standard uncertainty is obtained assuming a u distribution:

Leg

um,
%”C = 614277 |

I

«q| is the magnitude of the equivalent reflection coefficient at the test port and |Fload| is the magnitude

of the reflection coefficient of the connected load, i.e. |Fload| = |FDUT|.

With gamma correction

If complex matching measured values are present for the DUT, the measurement errors caused by
mismatching can largely be corrected (gamma correction).

The remaining uncertainty is then very small and can be calculated with the following equation:

Un(r),NRPC 2, 2 2 2 2
dB =8.686- ]—;;q Z/lrload +|]—ioad| ureq +urloadureq
In the above equation, u, and u, = represent a standard uncertainty for the parameters Ilq and
eq oa

|rload| = |FDUT| .
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13. Linearity uncertainty of the power standard

The nominal calibration power of the standard is 0 dBm. For power levels within £3 dB of 0 dBm, the in-
fluence of the power standard's nonlinearity is contained in the power standard's calibration uncertainty
(number 717). Outside of this range, the following standard uncertainty applies:

Ujin NRPC —7.107
dB

14. Influence of the ambient temperature on the power standard
For the power standard, the temperature influence is contained in the calibration uncertainty (number

11) as long as the temperature is in the range from 20 °C to 25 °C. Outside of this range, the following
standard uncertainty applies:

_“Zlg’s ~0.0005 dB/K - (T — 296.15K)

15. Zero offset and display noise of the power standard

Analogously to item §, the following formulation is used for the standard uncertainty:

2 2
Uz inNRPC _ 2172 P nrec) 1s N P, koo
dB JN P 2T M Fa

N Number of measurement cycles (1, 2, 3, 4)

2T Width of measurement window

M Averaging factor (2, 4, 8, etc.)

Ponreoy 2-o-display noise at a measurement time of 1 s (typ. 60 nW)
P,nreoy Zero offset at an integration time of 10 s (typ. 25 nW)

Py Power at the test port
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Additional Influence Quantities for the Measurement Uncertainty of the R&S®NRPC Power Stan-
dard with 20 dB Reference Attenuator

16. Reproducibility of RF connection at output of reference attenuator
Calculation is performed as described under 2.
17. Calibration uncertainty with 20 dB reference attenuator

After activating the S-parameters in the power standard, the attenuation of the 20 dB reference attenu-
ator is automatically taken into account. The mismatch interaction on the common interface between the
power standard and the reference attenuator is taken into account in the attenuation correction. The
calibration uncertainty of the power standard with the 20 dB attenuator can be found in the specification
for the R&S®NRPC (data sheet, Measurement uncertainty).

18. Mismatch uncertainty between DUT and reference attenuator

Iy

flection coefficients of the reference attenuator and DUT on the common interface.

Calculation is performed as described under 12. Here,

and |/p,r| are the magnitudes of the re-

Influence Quantities for the Measurement Uncertainty of the R&S®NRVC Power Standard ()
19. Measurement uncertainty during verification with DC voltage

Because of their accuracy, the digital voltmeter used as a reference for DC voltage measurements and
the 50 [J resistor contained in the DC termination both influence the measurement uncertainty during
DC voltage tests. Due to the correction factors K NRVC and K _ATT, they also influence the meas-
urement uncertainty for all subsequent calibrations of absolute accuracy.

Assuming a tolerance of £0.01 % for the digital voltmeter, a display noise of £2 digits for a 5-digit dis-
play (0.22500 V or 0.022500 V), a tolerance of £0.01 % for the 50 Ohm resistor and rectangular distribu-
tion of all measurement errors, the standard uncertainty for these influence quantities is as follows:

Upc,NRVC —6.10"
dB

20. Calibration uncertainty for the power standard

This factor is the uncertainty for the ratio between the power available at the test port in the case of
matching and the power indicated by the R&S®NRVD at approximately 1 mW.

The values for the calibration uncertainty are saved in the corresponding data memory; they are also
listed on the German Accreditation Body (DAKkS) calibration certificate (item 1. Absolute Accuracy) or
in the specifications for the R&S®NRVC (data sheet/technical information, Measurement uncertainty).
These values apply when the R&S®NRVC has been calibrated with DC voltage (see 4 Verification).

21. Mismatch uncertainty at the test port of the power standard

Mismatching can cause the power fed to the DUT to be larger or smaller than the value that would occur
in the case of ideal matching. Different measurement uncertainty contributions are obtained depending
on the correction of this influence.

Without gamma correction

If the mismatch is not corrected because no complex reflection coefficients are available, for example,
the following standard uncertainty is obtained assuming a u distribution:

”‘“’;% = 6,142 || | Fioud]

T

T,

€q

of the reflection coefficient of the connected load, i.e. |I,4|=|/bur| for the case in which the DUT is

is the magnitude of the equivalent reflection coefficient at the test port and |F10ad| is the magnitude
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connected directly to the test port and |Fload| = |s”| for a calibration via the reference attenuator. sy is
saved with its real and imaginary parts in the file at(NRVC.002)<serial no.> on the data diskette
CALIBRATION DATA*), and |/, is to be provided by the user in the measurement file
rf(NRVC.002)<serial no.> . If file f(NRVC.002)<serial no.> is missing, either the reflection coefficients

saved in the data memory of the DUT are retrieved or — if these are also not available — the data from
the configuration file for the corresponding sensor type is applied. The individual measured values for

T

€q

are saved in the data memory of the power standard; they are also provided on the German Ac-

creditation Body (DAKkS) calibration certificate (section 3. Reflection Coefficient) or in the file
rf(NRVC.002)<serial no.> for the power standard.

With gamma correction

If complex matching measured values are present for the DUT, the measurement errors caused by
mismatching can largely be corrected (gamma correction). The remaining uncertainty is then very small
and can be calculated with the following equation:

2 2
2 | | 2 2 2
UTigag L ioad] UTg + YT 1T

Leq

um(F),NRVC -3 686-\/
dB '

I

eq

and |1—;oad

In the above equation, u#, and u r,,, representa standard uncertainty for the parameters
eq oa

22. Linearity uncertainty of the power standard

For any power level at the test port that deviates from a power of 1 mW, the R&S®NRVD automatically
corrects linearity errors while taking into consideration the individual transmission characteristic for the
corresponding power standard. This characteristic is calculated during calibration of the power standard
with DC voltage**) and saved in the data memory in the form of several second-order polynomials. The
residual linearity uncertainty after correction is entered into the data memory of the power standard and
included in the specifications for the R&S®NRVC (data sheet/technical information). It can also be ob-
tained from the accredited calibration certificate under item 2. Linearity.

23. Influence of the ambient temperature on the power standard

The influence of the ambient temperature on the measurement uncertainty of the power standard is cal-
culated in the same manner by the R&S®NRVD as in item 8 (see also specifications for the R&S®NRVC,
parameter = temperature coefficient of power display).

24. Zero offset and display noise of the power standard

Analogously to item 9., the following formulation is used for standard uncertainty:

2 F p2
UzenNRVC _ 5 179 | \/PZ,NRVC +2!7F “Piiinrve
dB ' P

cal

In the equation, P,nrvc is the limit value for the absolute zero offset (approx. 2 standard deviations)
specified for the power standard and saved in the data memory, P, nrvc is the 2 o value of the noise in
W specified for filter setting 11, P, is the power at the test port and F'is the number of the averaging fil-
ter set on the R&S®NRVD (F = 5 for R&S®NRV-Z51; F = 8 for R&S®NRV-Z54; F = 7 for all other sen-
sors).

25. Quantization noise

) CALIBRATION DATA FOR 20 DB REFERENCE ATTENUATOR for the units delivered in 1998.
**) " Due to the polarity sensitivity of the thermal sensor in the power standard, all measurements are performed with positive
and negative polarity and the arithmetic average is used for further processing.
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In the event of underranging, the quantization noise of the A/D converter can influence the uncertainty.
Since the calibration power and measurement range are appropriately selected by R&S®Recal+ , this in-
fluence remains negligible in the sensor calibration.

26. Measurement uncertainty of R&S®NRVD base unit after DC calibration of power standard

If the power standard is used in the same measurement channel and measurement range during cali-
bration of absolute accuracy as during the determination of correction factors K NRVC and K_ATT (see
Verification), the influence of the base unit (apart from noise and zero offset) is negligible. The meas-
urement error of the base unit occurs in both cases with the same magnitude and the same sign. The
situation is different if different measurement channels and measurement ranges are used. Based on
measurement uncertainty uxgryp, Of the base unit for absolute power measurements (see 9), the follow-
ing standard uncertainty is used for the measurement uncertainty of a measurement range relative to
another range:

u
NRVD,2 2
——=[2-u
dB NRVD,1

Due to correlation between measurement ranges, this measurement uncertainty may in fact be less.

Additional Influence Quantities for the Measurement Uncertainty of the R&S®NRVC Power Stan-
dard with 20 dB Reference Attenuator

27. Calibration uncertainty of 20 dB reference attenuator @

This factor is the uncertainty used to perform the calibration of S-parameter s,;. It is saved as an ex-
panded uncertainty in dB together with S-parameters s, 5,1 and s,; in the at(<NRVC.002>)<serial no.>
file on data disk CALIBRATION DATA. The values are also available on the German Accreditation
Body (DAKKS) calibration certificate for the attenuator or the R&S®NRVC specification (data
sheet/technical information).

28. Mismatch uncertainty between DUT and reference attenuator

Mismatching can cause the power fed to the DUT to be larger or smaller than the value that can be cal-
culated merely by taking into account parameter |s,;| for the reference attenuator. Different measure-
ment uncertainty contributions are obtained depending on the correction of this influence.

Without gamma correction

If the mismatch is not corrected because no complex reflection coefficients are available, for example,
the following standard uncertainty is obtained assuming a u distribution:

st 142 oy
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In the equation, |FDUT| and |s,,| are the magnitudes of the reflection coefficients of the DUT and the ref-

erence attenuator at the common interface. s,, is saved with its real and imaginary parts in the
at(NRVC.002)<serial no.> file on data disk CALIBRATION DATA", and I pur IS to be provided by the
user in the measurement file (NRVC.002)<serial no.> . If file rf(NRVC.002)<serial no.> is missing, ei-

ther the reflection coefficients saved in the data memory of the DUT are retrieved or — if these are also
not available — the data from the configuration file for the corresponding sensor type is applied.

With gamma correction
If complex matching measured values are present for the DUT, the measurement errors caused by

mismatching can largely be corrected (gamma correction). The remaining uncertainty is then very small
and can be calculated with the following equation:

Um(r) 2 2
m(/")att 2 2 2 2
—dB = 8.686~\/|s22| UTpor +|FDUT| Ugy + Uy U

In the above equation, u,, and ur . represent a standard uncertainty for the parameters |s,,| and

|FDUT| . For ug,, , afixed value of 0.01 is used.

29. Reproducibility of RF connection at output of reference attenuator @

Calculation is performed as described under 2.
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Linearity

The uncertainty of linearity measurements using the R&S®NRVC-B2 linearity standard is calculated by
R&S®Recal+ based on the 1ISO guide. The following influence quantities are considered:

Table 6-21 Influence quantities for uncertainty in linearity measurements

Item nd Influence quantity

1 Calibration uncertainty of linearity standard

2 Ambient temperature (DUT, linearity standard)

3 Zero offset and display noise
(DUT, linearity standard)

4 Measurement uncertainty of R&S®NRVD base unit
for relative power measurements (DUTSs in
R&S®NRV-Z and R&S®URV5-Z series, linearity
standard)

The individual influence quantities are explained below:

1. Calibration uncertainty of the linearity standard

The transmission characteristic (DC output voltage versus RMS value of supplied AC voltage) is measured
on an AC voltage calibrator at a frequency of 100 kHz and saved in the form of several second-order poly-
nomials in the data memory of the linearity standard. The polynomials are used by the R&S®NRVD in every
measurement to correct measured values. This is valid up to at least 50 MHz. The expanded measurement
uncertainty (k=2) remaining after correction is shown in the following table. For a reference level of 0 dBm,
this uncertainty can also be obtained from the German Accreditation Body (DAKkS) calibration certificate for
the R&S°NRVC-B2.

Table 6-22 Expanded measurement uncertainty of the lin. standard for relative measurements
(23 °C)
Meas. level = -30 dBm to < -10 dBm -10 dBm to < 0 dBm 0 dBm to +33 dBm

U Reference level Pref

-30 dBm to <-10 dBm 0.020 dB 0.020 dB 0.020 dB
-10 dBm to < 0 dBm 0.020 dB 0.016 dB 0.016 dB
0 dBm to +33 dBm 0.020 dB 0.016 dB 0.013dB

The reference level is identical to the level at which the calibration of absolute accuracy of the DUT is per-
formed. It is simultaneously the smallest level of the linearity measurement for the corresponding type of
sensor (Table 6-23 and Table 6-24).

Table 6-23 Reference levels for calibration of linearity, R&S®NRV and R&S®URV5 sensors

R&S®NRV- R&S®URVS-

Sensor Z1 | 22 | Z2 | Z2 | Z2 | Z15 231|232 | Z33 (251 | 252 | 253 | Z54 | 22 | Z4 | Z7
type =

Pref/dBm | -30 | -10 | -30 | -30 | -30 | -30 | -20 | +0 | +10| 0 | +0 | +10 | +10 | +10 | +20 | +25
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Table 6-24 Reference levels for calibration of linearity, R&S®NRP and R&S®FSH sensors

R&S®NRP- R&S®FSH-

Sensor | Z11|Z21 (222|723 |Z24 (231|291 | Z92 | 251 | Z52 | Z55 | Z56 | Z81 | Z85 | 286 | Z211 | Z221 | Z1 | Z18
type =

Pref/dBm | +0 | +0 | +10 | +20 | +25| +0 | +0 | 10| 0 | #0 | #0 | #0 | -10 | -10 | -10 -10 -10 | 0 +0

Note: Since the linearity measurements for the R&S®NRV-Z32/-233/-753/-254 and R&S®NRP-Z22/-
Z23/-Z24 sensors are performed without the attenuator connected, the levels used for lineariz-
ing these sensors are less than the levels specified in Table 7-14 by the attenuation value.

The measurement uncertainties for the linearity standard stated in the specifications (data
sheet/technical information) for the R&S®NRVC are slightly larger than those specified in Table
6-22 since the effects of the base unit and the ambient temperature have been taken into con-
sideration.

2. Ambient temperature

For ambient temperatures not equal to 23 °C, their influence on the measured voltage or power ratio has to
be taken into consideration for the linearity standard and the DUT. Analogously to item 8., a standard uncer-
tainty ur i, with the following value is applied:

u
o =(r-296.15K) V2@ pur + i)

In the equation, arpur is a standard deviation for the residual temperature coefficient of the DUT for abso-

lute power measurements and arp; is a standard deviation for the residual temperature coefficient of the
linearity standard for relative measurements (data sheet/technical information on the R&S®NRVC) The fac-
tor 2 indicates that the temperature coefficients for the measurement level and the reference level can be
different.

3. Zero offset and display noise

The influence of zero offset and display noise on the accuracy of the linearity standard and the DUT is very
small compared with the other influence quantities. The equations provided in item 5. are used in the calcu-
lation, and specifically for the smaller of the two levels.

4. Measurement uncertainty of the base unit for relative power measurements

The R&S®NRVD base unit has a linear response within the measurement range. When there are different
measurement ranges for the two measurement points of a voltage/power ratio, however, differences in the

two ranges can cause linearity errors. The following equation is applied for the standard uncertainty tUnrvp in

u .
NRVD,lin
—_— = ,[R ‘u
NRVD,1
dB

(unrvp,1, See item 9). Factor R arises from the fact that several voltage/power measurements are performed
at one test point for the linearity calibration. For the R&S®NRV and R&S®URV5 sensors, R, strictly speaking,
would be equal to 4 because two measurements each are performed with the DUT and the linearity stan-
dard. Due to the calibration of the two R&S®NRVD measurement channels with the same DC voltage cali-
brator and since shared circuit components are used in both channels of the R&S®NRVD, a certain correla-
tion exists between individual measurement ranges and channels and R = 3 is assumed. For the R&S®NRP
sensors, R = 2 because only the linearity standard is connected to the R&S®NRVD.
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