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% Innovative muitipath sensor
technology

4 90 dB dynamic range

% High measurement speed

% Intelligent sensors — simply plug in
and measure

% Accurate measurement of average
power regardless of bandwidth and
modulation

% Multslot measuraments for
commor time division systems
{e.g. GSM/EDGE, DECT)

% Handling of extarnal components
through I and s-parameter cotrection

% Simultaneous operation of up to
4 sensors on basic unit

% Operation of sensor directly from PC
via USB interface

% Z-year calibration cycle
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Ready for a wide variety of applications

The RF and microwave Pewer Meter
R&S NRP is always the right choice:

it is ideal for daily use in research and
development, production or mohile
service, not to mention when analyzing
broadhand modulation signais of third-
generation mobile radio. The versatility
of the novel R&S NRP power meter
series is primarily due to the newly
developed sensors in

! . These sen-
sors are intelligent standalene instru-
ments that communicate with the
basic unit or a PC via a digital interface.
The sngsrass h
implemented for the first time, sets
new standards in terms of universality
and aceuracy. The R&S NRP basic unit
offers exactly what you expect for
today's needs: compact size, intuitive
user interface and muitichanne! capa-
bifity.

Designed for R&D

Top measturement accuracy plus a
dynamic range of 90 dB for broadband
signals of any modulation are the most
requested characteristics of a moden
power meter. The versatile R&S NRP

S8NSOrs in
feature exactly these characteristics and
are a priceless investment if you wish to
meet future requirements such as the
broadband modulation types of third-
ganeration mobile radio. In addition, they
are also capable of handiing the RF band-
widths beyond 100 MHz that are already
under discussion for wireless LAN,

A power meter must of course ba easy to
aperate: The numerous sensor functions
can be activated via an intuitive user
interface, and the high-resclution display
indicates up to 4 measurement results at
a time. As with other power meters from
Hohde & Schwarz, all calibration data is
stored in the senser, which ensures high-
precision measurements by minimizing
operating erors.
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Ideal for production

i you have aver dealt with microwave
power measurements, you know that the
necessary filtering of results due to the
notse characteristics of the sensor as well
as delays in measuremeant range selec-
tion and command/result processing can
have negative effécts on throughput in
praduction. And this is where the B&S
NEP with its innovative features offers
straighitforward solutions;

& Autofitier
% Parallel processing
% Speed

It goes withaut saying that the basic unit,
which can accommodate up to 4 sensors
at the same time, can be fully remote-
contralled. In addition, the sensors can
directly be connected to a PC. Itis good to
know that the sensors can perform eli-
abie measurements for an extended
period of time owing to the long calibra-
tion interval of 2 yaars.

Tahle 1: Sensor technolagies and their applications

Application | Sensor —

Bverdge power: - U vl

Burst power e
Tivegating © o e
Signal with sxtremaly Kigh bandwidth v

Measurement over wide dynamic ranges —

V' aptimal ¥ possibie

— 0% possible

#ohile use

The handy, lightweight and sturdy instru-

ment, which can alsg ba powered from
the optional battery for several hours,
makes mobile use a pleasure. With an
operating temperature range from 0°C o
50°C, the Power Mater R&S NRP can be
used under almost any conditions.

7 %4 allowsevary
R&S NRP sensor to be aperated directly
from & PC, making it the smallest and
mast lightweight microwave measuring
instrument available.

Thermoetectric sensor  Diade sensor (CW) Peak power sensor/

- o
o R4
v e

s v

summary

% One powar sensor

€ 90 dB dynamic range

% CW and broadband-modulated signals
4 Time-gating applications

% High measurement accuracy and speed

For any type of test signal:

Microwave powar meters have histori-
cally required a multitude of different
sensers to covar all applications. Thermal
sensors, diode sensors as well as peak
power sensors were used to handle the
yarious measurament tasks. The sensors
of the R&S NRP family now make life
much easier — in many cases, a single
senser can perform all necessary mea-
surements {see tabla 1),

Pawer Meter B&S NRP 3
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High system accuracy through -

Plug in and measure

The accuracy of microwave power maa-
srements essentially depends on the
characteristics of the sensor, but itis
impossible to gliminate level, tempera-
ture and frequency influences by tradi-
tional means. Rohde & Schwarz solved
this problem years agb by introducing a
novel approach; Measure the deviations
of each manufactured sensor from the
ideal characteristics and then store the
values in the sensor as a data record. This
means that you do not have 1o hother
with calibration data. Instead, you simply
plug in the sensor and start the measure-
ment, which is a significant advantaga in
day-to-day work.

Precise calibration

A power sensor can only be as good as
the measusing instruments used to cali-
brate it. This is why the standards
emptoved by Rohde & Schwarz are directly
traceable to the power standards of the
German Standards Laboratory (PTB).

4 Power Meter RES NRP

High measurement accuracy —
even with modulated signals

Benefitting from ail the factors described
above, Hohde& Schwarz breadband
pawer meters hava a very low measure-
ment uncertainty. which is still the deci-
sive argument in their favour. In the past,
hawevar, the data sheet specifications of
about 2% (0.09 dB! could seldom he
achieved in practice. This was due to error
sources associated with the test signal of
external circuitry: harmonics and nonhar-
monics, modulation, mismaich of the
source, and the influence of attenuators
and directional couplers connacted
ahead of the sensor for level matching.

g
[

0.06 -

ErrorindB ———
[
_— o]
| 1

1 1
-60 - 5 -4 -0

The R&S NBP sensors reprasent a big step
forward in soiving these praoblems. The
concept of
{see paga B comprises an entire series of
measures intended 10 make the sensors
similar 1o thermal sensors in behaviour.
This includes very accurate measurement
of average power, regardless of modula-
tion {FIG 1), as well as high immunity 1o
incorrect weighting of harmonics, spuri-
ous and other interference signals. The
maximum speed of 1500 measurements
per second {in buffered mode, measure-
ment interval 2 x 100 us) nevertheless
equals that of diode sensors.

i T 3

------ vl -10 0 10 20
Power levet in dBm ——————

FIG T: Modulation-related errors of an RES NRP-Z11 or R&S NRP-Z21 power sensor for a 36PP test
signal (test model 1-64) compared to a CW signal of the same magnitude.

fled: default setting: yellow. transition area hetween measurcment paths shifted by —6 d8;

light Blue: uncertainty caused by noise (modulation effect below 30 dBm negliyible).
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// The Power Sensors R&S NRP-Z11 and R&S NBP-Z21 fuse

multiple-path architecture, multiple-diode technology and a
simultaneously scanning maultichannel measurement system
into a unique high-performance concept.

Multiple-path architecture is the combination of two or three
diode detectors to obtain a large dynamic range for modu-
fated signals. This is achigved by operating each detector
exclusively in the square-law region and by using only the
optimally driven detectors for the measurement.

Multiple diodes comprise several zero-bias Schottky diodes
connected in series and integrated on one chip. When used
in an RF detectoy, they expand its sguare-law region, because
the measurement voltage is split among several diodes — so
that each one is driven less — while at the same time the
detected voltages of the individual diodes are added together.

Rohde& Schwarz's multiple-path architecture {patent
pending) is characterized by the following features {FIG 2):

% 3 signal paths, each fitted with triple diodes

% 6 dB wide overlap ranges, smooth transitions

% Simultaneous scanning and analysis

% Chopyper stabilization of signal paths for recurring signals

The advantages over conventional technology are ebvious: ‘»\
high signal/noise ratio threughout, low modulation effect,
negligible delays and discontinuities when switching signal
paths, as weli as the ability to perform a time-domain analy-
sis of the test signal within the availeble video bandwidth,

As a consequence, these sensors not only compete with peak
power meters — they are indeed superior in two respects:

% No restrictions on the RF bandwidth of the test signal
% Wider dynamic range

As a result, it is already possible today to analyze extremely
broadband signals, such as are planned for wireless LAN or
will be created by combining several carriers in accprdance
with 36PP.

FiG 2 Sensor architecture in R&S HRP-Z11 and R&S NRP-Z21.

Power Meter RS NRP 5
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Power measurement without external influences

I" correction — accounting for
the source mismatch

The most impertant source of errorin
pawer maasuremants on BF and micro-
wave signals is the mismatch of saurce
and sensor. Due to reflections that cannot
be eliminated, itis not the nominal power
Pgaq of the source that is transmitted to
the power sensor, but the power P, {FIG 3}
that deviates to a cartain extent from the
nortinal value. To minimize the influence
of mismatched sources, the standing
wave rafic (SWR) at the sensor end was
reduced to the extent technically faasible
{1.11). However, a signal source with an
SWR of 2, for example, still leads to an
additional uncertainty of the measure-
ment result of =3.5%1{0.15 48). Although
this error nermally is decisive for total
measurement uncertainty, it was fre-
guently not taken into account because it
could not be specified for the sensor
alone.

Here the R&S NRP sensors boast ancther
innovation: To raduce the mismaich, the
complex reflection coefficient of the
source is transmitted to the sensor via the
USB data interface, and the sensor cor-
rects the matching arror by means of

I" correction, taking ino consideration its
awn low impedance mismatch, This
approeach yields a measurement result of
significantly higher precision.

B Power Meter R&S NRP

Saurce L

Power Sensor
R&S NRP-Z11/-721

FIG 3: ¥ corrgction function: By taking into account the complex reflection coefficient ¥ of the source,
the measurement result (P; ) is corrected in such & way that the nominal power of the source Pgy, is

displayed.

S-parameter correction —
aceounting for additional
components

A simitar mismatch problem is encoun-
tered in 1est setups where the sensar
cannot be connected directly to the
source to be measured. Especially in pro-
duction facilities, it is often necessary 1o
connect a cable or an atienuator for level
matching. In this case, the interactions
between three components must be
taken into account — a nop-lrivial hit of
mathematics involving complex numbers,

Here, too, the R&S NRP offers a straight-
forward, standardized solution to the
user. With the help of a small software
tool that runs on any PC, the complete
s-parameter data set of the twoport con-
nected ahead can be Isaded into the sen-
sor's memory via the USB data interface.

The data format required {s2p/Touch-
stone] is provided by any vector network
analyzer.

After the source's complex reflection
coefficient has been transmitted {option-
allyl, a perfectly correctad reading is
ohtained; the sensor practically behaves
as if it were connected directly to the
source {FIG 4).

P
Peus !
g L Ateniater I -
Measured Power Sensor
Souifce Plane 2 s-parameters Plane 1 R&S NRP-Z71

FIG 4: Shifting the measurement plane from 1 to 2 by means of s-parameter correction. The influence
of the additional component is compensated for, se that the nominal power P, of the source is mea-

stred,
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Throughput is essential in production

New autcfilter function ~
averaging made simpie

The satting of the display filter is essential
for the measurement speed thai can be
attained. Asarule, noise is sunerimposed
on the signal tc be measured. The relative
N10ise content increases as power
decreases. To odtain a noise-reduced
display, an averaging factor has to he
selected for low signal levels, but such a
factor incraases the measurament time,
Therefore a compromise must be made
between sufficient signal/noise ratio and
acceptable measurement tims. Tne fol-
lowing rule of thumb applies: Reducing
the noise by a factor of 10 increases the
measurament time by a factor of 100,
With the classic autofilter function, the
averaging factor is, therefore, only
increased gradually, which keeps the
measurement time acceptable but does
notmake i1 possible 0 maintain a specific
noise level,

The anhanced autofilter function, now
mplemented in a power meter for the
first time, mitigates this problem. In addi-
tion to the classic autofilter function, a
Fixed Noise mode is available, Using this
mode, the sensor will maintain the user-
definad S/N ratio as fong as the maximum
measuremant time {to be defined hy the
user}is not exceeded. Consequently, the
nstrument provides stable measurement
results exactly matched to the user’s
needs.

| Path A

< Normal

@ Fixed Noise

Ref Timesiot # Neise Content

0.1000dB| -

Max. Setth Time

Fi7 5 Autofilter menu of the RES NRP

Measurement range selection
without delay

Multipath concepts for diade sensors
often have the disadvantage of hard
switching from path A to path 8 in the
case of laval changes, which interrupts
measurement data acquisition and intro-
duces large differential linearity errors.
This disadvantage has been eliminated in
the R&S i\ERP daode SBNSOrS in
SR WEEEE awing 10
paraiiel mgna% processing in the three
paths and soft ransitions from one path
to the other.

BslcD

User-definable measurement
window

Measurements on very low-fraquency-
modulated signals are typicaily per-
formed using large averaging factors to
keep the display stable. This, however,
extends the measurement time. The R&S
NAP uses a different approach: The moes-
surement time interval is adapted to the
signal period by means of windowing.
The use of an integer multinle of the
period vields a perfectly stabilized
measurement rasult,

High measurement speed

All these requirements, Le. optimum
filtaring and fastrange selection, musthe
met before a power metar can make full
use of its measurement speed under any
conditions. I filtering is not necessary
and the size of the measurement window
is not critical, the R&S NEP excels withits
1500 measuraments per second (in
buffered mode, measurement interval
7% 100 sk,

@ <

Cont Ay Burst Av Timeslot 7

Window

samplmg

\ oty op

Smoothing of Modulated s

Path B

WP, Power

FiG B: Paraflel signal ,amcessmg and saft rransrrrans between measurement

paths owing to I

FIG 7; Windowing technigue used on a low-frequency-modulated signal

Power Meter R&S NRP 7
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Signal-synchronized measurements

B
2
=]
[~
Trigger 4
event N -Last faliing slope
N / in the burst

Measured hurst average power
- 43

Trigger threshold

EXCLUDE START I EXCLUDE END
Ieasuremant interval

Time

FIG 8: Modulated burst of an EDGE signal and relgvant parameters for measuring burst average power,

Just in time

The R&S NAR-Z11 and R&S NRP-Z21 sen-
5078 tgn measure the average power not
only inthe classic manner, Le. continu-
oushy without temporal referenga to the
signat content, but-alse synchranized
with the signal over definable periods of
timea. Power measuremants on signal
bursts and weithin individual timeslots of
time:division systemsare important apoli-
cations. A fundamental prerequisite for
signal-synshronized measiremantsis the
availability of extensive trigger capabili-
ties. The Power Meter R&S NRP can
derive the trigger time from the test
signal {intemal triggering) or from an
externai trigger signal.

FIG 9: Mlultislot measurement: for the most
common time division methods (a.g. GSM/EDGE,
DECT}, average power can be measured in alf
timeslots at the same time,

] Power Meter RES NRP

Automatic burst acquisition and
measurement

The internal trigger capabilities of the
Powsr Meter R&S NRP are particularly
useftd for burst measurements. Depend-
ing on the trigger level pravigusly
defined, the sensor automatically deter-
mities tha baginning and the end of the

bugst, This is even accomplished for mod-

ulated bursts by defining of a dropout
parametsr, i.e. a minimum signal-off
period that must be detected by the sen-
sor to reliably detsrmine the end of the
burst.

Power i

-4#;* Exclusion pariod

In addition, unwanted power compo-
nents at the beginning or end of the burst
can be excluded from the displayed result
by using the commands EXCLUDE START
and EXCLUBE END (MG 8).

Multislot measurements

This function enabies the B&S NRP to
carry out measurements on signals with
complex timaslot structure, Up to 128
intervals {26 when controlled by the basic
unit) can be acguired and measured at
the same time (FIG 9). This allows eniire
frames of GSM/EDGE signals to be ana-
ivzed. The user can select the number and
the timing of the timesiots relative to the
trigger event; up to 4 results can simulia-
neously be displayed on the basic unit,
The unwanted portions in the transition
from one timeslot to the next can be
blanked by user-definable exclusion
periods.

The internatl trigger capahilities of the
R&S NRP can also be used in this context.
fn the case of TDMA signals, using an
external frame trigger is often beneficial
1o generate the temporal relation to
timeslet 1. The basic unitis fitted with the
appropriate conneacter on the rear panel;
if the sensor is operated fram a PC,
triggering via the Adapter B&S NRP-Z3 is
possible.

e e ot
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Power/iime template

if the R&S NRP-Z sansors are operatad
from a PC (sze page 10), more in-depth
analysis functions are availahle. Recur-
ring or non-recurring waveforms can be
displayed as power/time templates

{FIG 10). The number of test intervals
{points) can be increased to 1824 signal
detalls down to a duration of about 10 us
can thus be resolved. Extensive trigger
functions, derived from an external
saurce or the test signal, again ensure
stable conditions.

Outstanding dynamic range

In the past, the iimited dynamic range of
standard sensor technologies forced
many usars to employ sensors of differant
sensitivity {nomina! power) to handle the
power range of the test itams. This was
aspecially true if average power of modu-
fated signals had to be measured.
Although conventional muitipath sensors
were able to attain respectabls valuas,
their dynamic range was limited to 80 dB,
nol 1o mention the slow response times
and the significant measurement errors in
the transition regions of the individual
paths. The R&S NRP-Z11 and R&S
NRP-Z21 are the first sensors with
outstanding values: For the first time, a
dynamic range of 90 dB for broadband
signals of any modulation has been

Table Z; Dynamic range for measuring average power (bandvidth of test signal 100 MHz/5 MHz/0 (CW)

Technology | Mode |

Centinuous

Thermosleciric sensor - H0/58/50 4B
Dinds:

Sensor in square-law region 43/43/58 dB
[Dinde: CW sensor A43/43/93 dB
Dinde: Peak sensor 350/80d8
Diode: Muitiple-path sensor BO/80/80 08
Diode:

] 90/90/90 dB

FIG 10: Power/time template of a nonrecurring BF burst for an application
in medical electronivs, measured with the RES NRP-Z1T {LabView applica-

tion without basic unit; readings in W and ms, no averaging).

achieved, while tha lowar measurement
limit {defined by noise and zero offset)
remaing a very respectable 67 dBm.
With signal-synchronized measursments,
the difference between the riaw sensors
and previous power sensors is most
evident.

For signal-triggared measurements of the
average power of single bursts or the
generation of a power/tima template, a
wider dynamic range is available than
with all existing conventional designs.

Timeslot Burst
1 out of 8 (external triggsr)

~/50/57 48 ~/33/37 4B

B85/85/8b dB

duty cycle 1.8 {internal trigger}

60/66/60 4B

Power versus time
258 points {external trigger;

~/5G/57 dB

FG/I070 4B

Power Meter R&S NRP
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Sensor with PC interface

B
Peza |
G m—————!—— USB Adapter |
: RP-Z4
Power Sensor I
Source RRS NAP-Z21 |
E__ USB Adapter |
R&S NRP-73
Trigger signal Powar supply

FiG 11: Three ways of displaying results with an R&S NRP sensor.

Miniature power meter

The sensors of the R&S NRP-Z series can
be used as standalone measuring instru-
ments without the basic unit. In addition
to the power sensor itself, they include a
CPU that controls the sensor, processes
the measurement results and operates
the interface: a complete miniature
power meter. All measurement data and
settings are transmitted via a digital USB
interface, This concept, with which
Rohde& Schwarz already sef the pace in
the fiald of diractional power meters, s
now heing used for the first time In
classic microwave power measuremsnis.

1 Power Meter R3S NRP

Ueeona PO

Tha most cost-effective method for high-
precision power measurements is to con-
nect the sensors directly 1o a PC, espe-
cially if data acquisition and evaluation
take place via a PC. The main area of
apolication is production, since produc-
tion environments usually include a pro-
cess controller. The fact that the basic
unit can be omitted saves space in the
rack and reduces costs.

.. Puwer ¥iewrer

Sensor connected directly to the
R&S NRP basic unit

i Sansor cannected via the passive
USB Adaster R&S NRP-74

Sangsor connected via the active
UUSB Adapter R&S NRP-Z3

Service technicians will also appreciate
this optien since the power meter fits into
a trouser pocket and can gasily be
operated from a laptop.

IG?Z The Power Viewer turns any PG (under Windo ;
110 @ power meter,
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The software toalkit supplied as standard
with every R&S NRP sansor is required in
arder to control the R&S NRP power sen-
sors via a PC. The software toolkit comes
with both a DLL {dynamic link library}, for
individualized use of the entire sensor
functionality under Windows, and the
Power Viewar, a virtual power meter with
basic measurament functions [subset of
the B&S NRP functionality; for the PC
workstation (FIG 12},

Two adanters are available for connection
t0 the hardware:

4 The passive USE Adapter H&S NRP-Z4
orovides all basic functisns, as it
handles the transmission of settings
and measyremant data as well as the
power supply of the sansor.

% The active USB Adapter R&S NRP-Z3
has been daveloped for applications
raquiring external triggering of the
power sensor. It also offers a saparate
sower supply.

Universal basic unit

For applications requiring a basic uni,
the R&S NRP offers everything that is
axpected from a modern powar meter —
and much more. It is small, lightweight
and rugged, and the optional battery
pack ensures several hours of operation
without line power. Depending an
requirements, it can be fitted with ane,
two ar four measurement inputs {options
R&S NRP-BZ and R&S NRP-BB).

The {EC/IEEE bus connector s a standard
feature as are the trigger input and the
analog measurement output,

The user interface of the power metar
takes its cue frem the PC world: The basic
unit is controlled via menu bars, menus
and dialog boxes, and uses only three
meny levals despite the farge number of
functions. The self-explanatory aperating
concept makes the R&S NRP a pleasure
10 use.

The high-reselution graphical display can
show as many as four measurement
results at the same time. The user can
choose which results to display — either
the data from different sensors {with a
maximum of four connected simulia-
neously’ or from different timeslots of 3
TBMA signat measured by means of one
sensor. Even values obtained by calcula-
tion, such as SWH or return loss, can be
cisplayed. For immediate clarity, each
data window can be assigned a specific
nams.

FiG 13: The Power Meter RES NRF can be equipped with one, two or four measurement fnputs {twe ont rear pantel, see red frame).

Power Meter R&S NRP i
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Specifications

Power Sensors R&S NRP-Z11/-Z21 (specifications from 8 GHx to
18 GHz 2pply only to B&S NRP-Z21)

Bold:  Parameter 100% tested,

ftalics:  Uncertainties caloulated from the test assembly specifications
and the modefled behaviour of the sensar.

Normal: Compliance with specifications is ensured by the design or
derivad from the measuremant of related parameters.

Sensor type 2-path diode sensor

Measurami ShE average power of incident wave gr -
STy average pnwer ofsaume mtc 5U Qi
Frequency range 10 MHz to 8 GHz (B&S NRP-Z11)
. 1 Mz to 18 GHr (R&S NRP-Z21}
S valdesin {}fnrtempefaturerange15"{1
SR SRR

16 MiHz to-<30 MHz

<175 (1.13)
30 MHz 10 2.4 642 <113 (1.11)
524 GH 1o 8.0 Gz 2170 (1.18}
=80 6Hz o 18.0GHz <175 (1.23)
Leveldapendant miatching shange”

10 MHz:t0 2.4 GHz <035 40,02

=24 3Hz 10 18064z <0.101{0.57}
RF connector: SN imale)

Power measurement range

- 200'pW 10,200 W
G/ éBm to 423 dBm)ﬁ

_i;_br:it.i'riﬁ'ﬁ'{_}s'_év' age

U AW (476 3B contindaus
- IOW A0 B for

 odBmwlidEm

- Cebatity of measureinent buffer . 140 1024 res

17 Power Meter RES NRP

Dynamic behaviour of video path valuesin

Display noise, retative

Burst Average function

Measuremeni af averagebursfp@wg; ReRaY

Oms 6100 ms
Imstoams,

Excludad from Staﬁ'
Excludad fmm End:

{}fortemperatuie range 15°C

13
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vafues in [1: 8 GHz to 18 GHz

Zero offset’”

55108 oW 102, pW] (64 pW tyi )
D <O W SEAWIBEIW tyn)
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w3579
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s DEDFend: modu:atmn bandwmh of
jtest s1gna§ :

WCDMA {3 GPP ?est Modef 1 84} :
Wnrsicase

ijﬂZ CEBIOH}U? dB{—UGZdBtD

_ Tvp:cai- r' FERE R Gmczammosssg Umdato ;
R RS UL Ceprdel o '
Averaging filter
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Nl
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S timesior®!

' _'.Scapa
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SOt 4G 00kdBE :
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Moise content ct 0000t dB T dB
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oy Smet Wmdaws} :
Resu%f uvtput
Me}vmg Average cuntmusus wnh every newiy evajuated
e : meastirémant wi indow (¢.9. In case of
. a _' R *manital opération via B&S NRP}
: R-epeat. Do o - only final result (.. in case of remote
BN ) control of R&S NRP)

<t 28 {number of averaged measure-

Measurement window

Duraiiﬁr’l;'-f: B Sonn u iag spectﬂedfﬁfthe mdwnduai n‘easurev

: :"mentsuppressro
S duo modilatign™
oS Average functmn}

i oG-

Measurement timas?”

- W diration of rheasurement
: 5_Wlndow7f w0 2msi

Chiffer. s&ze x[duratmn ot measuremem

i window £ g5 msfE i Y

Bm'stAverage R P R ZEG A Nx burst pariod +r

Timeslat, Scope: + : £ N K trigger pering: & !28’
R SRR ) <15ms€09msonaverage}

Cantin‘udus Ave‘rage‘

Buffered w;thmﬁ averagsng.

Triggering

Souirge. - i Bus Extema HaEd EmmedaaEe Entema%
Siope {extema{ mtemal] ‘. pes, /neg : : o
Level . :

Imemai o

Extemai e see speag Df R&S NRP and -

USE Adapter R&S HRP- 23

Delay S : mstoel00s 0 SRR
Holdof - S Gstollsis
Hysteredis S B 1048

Attenuation correction

Function - | cofrecting the:measiirerient result by
LR gans of afixed factdr (0B offset) -
Rénge- Uﬁ UDE} fif3” 20 +1GU BﬂﬁdB S

S-parameter corréction

?unct?o_n; '; S takmgmw accountawmponent con-
S : o nected eheadof the sensor by iaaﬁmg

B . R RESOLRARE R B 1% pdrameferdata set info the sensar

Number ef ffFQUEﬂCIBS REEREEE ISR v 1112

?arameters S SosiSppand: 372{‘ﬂ 52p fermat} u
DUWﬂ#oad S &S NRP-toulkit (supplied with:

E 1 senisor) via USE: Acﬁaptu R&S i\ERF’ZS
e H&S NRP 7k

T correction .

Function -~ jreducmgthe mﬁuence af mlsmatched

: SRR solrges i

Parameters.: magmtuzie and g}‘}ase uf reﬂecuan

RS .cmeffm;enmf sotrge LT
Download “! §ee under S-paraméter curre"nan

Frequency response correction

Functw’an S - taking inta dccount the calibration
; * factors refevant for the tast frequency
F&rameter EIIOENPOE carmrftequency {center frequency)
Parmissible deviation frum acmai

vatug: '58MH2_{U.U_5_}<fb&IDW1GHz)fur
. o ©o 0 specified measurement uncertainty
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Interface to host

Powet supply: - °

R'en_fi_ote cantrof 1 SR

Tiggerinput ol

DBimensions (W x H x 1}

Weight -

Calibration uncertainty™ in dB

H MHz 10220 MHz
Path 1 Path 2

0058 Q047
100 Wbz t0 4 GHz
Path 1 Path 2
noes 0.057

=8 OHztn 124 GH:
Path 1, Fath 2
7094 0078

B

Path 3
0048

. Path3

aa57

Path 3
2078

o 4 BA/200 mAtyp {USB high- power

g davics)

© 2.0 specifications

differential (D/+3_3 V)

_: . as52 USE device (funu:on} nfui speed
-~ mode, compatible with, USB 1 UARH

A8 mm £ 31 mmx 170 mm
tength incl. connecting cable:

appiox. 1.6m

<}3kg
20 Mz to <100 MH:z
Path 1 Path 7
0058 .047
=4 GHz to 8 GHz
Paihi 1 Path 2
0.083 2071
=17,4 BHz to 18 GHz
Pathi " Path2
4123 2099

Path 3
0047

Path 3
a0z

Paih 3
089

Uncertainty for absolute power measurements®™ in dB

10 MKz to <20 Mz
grrg . ais

aEE T G
0058 - 0047 -

-4 o -19 1
(St

100 MHz to 4 GHz

01500187
8T D077
0066 . 0058

~i W =18t
=67}

»8 8Hz 10174 GHz

Q168 0176,
al06 . 0096
009 Ge

~4F 0 10 o
{7}

Q175
0071

: 0.048

o

1w +73

O16%
(008t
063

+3

o R

0184
o
096

o +73

14 Power Meter R&S NRP

20 Mz to <180 Mz

3147 4158
g2 Roes
0056 ?9,047'..
A oo =18 o
-7}

=4 GHi to 8 GHz
21603 [
0095 008g
Qo83 - 0072

571

=12.4 GHz 10 18 GHz

188 2196
Gi3g. . 0
Fizz, 8ies
=4 e 19w
67

72759
0.069:

(1048

+1 w +7

0174

a097

0082

-0 w18 i 1w 42

8210

e
178

+1 o+

20°C t0 25°0

H*CwihC

20 0 25°0

090 10 50%C

15°C 1 35°C
000t 75°0

3 dBm

0°0 10 50°C
15010 39°C
700t 2570

dbim

GoC 0 50°C
15°0 to 36°C
20°C w0 26°C

dBm

Uncertainty for relative power measurements™ = in dB

+23

+8
=0

-4l

+23

13

-4

G093

30 MHz to <20 MHz

022
08t
006

26

30835
agds i

Yk
2027
2077

w8 19 7-13
Powst levet in dbm

100 MHz to 4 GHz
i lz}Zh?

027 00dE 8
—44

var avel In ditm
=8 {iHz to 124 GHz
GEM 083
GHTE gIos
Q084 0077
2218
QO%E 08T
0063 - 0825
B Ry ARy
Gaez . g
4G22 DOBF
—§i) 19713

Powset leval in dBm

Lo

PR

#1749

"»-1.1-#

A 00D
R R ARV o
SRS
Tpoat i
ooz
D ez

P

20 WHz to <108 Mz

Cpap 0215
goer 0
0048
G5 007
aosr - 002
g0M: | 0AZ2
807 0
007
gz

Poviigr gl in dBm

=4-GHz to 8 GHz

L0282
0083
GOS8,

g
i

77
& 19
Poewar level i 4%m

»12.4GH 0 18 6Hz

0244
G172 i
orgii g

et
Pawar vl in Giim

o

002z

o
s

L0078
20,084

L0086
‘gagt

- s

0°C o 50°C
1570 10 3570
26°C 1o 25°C

(o€ to 5320
$5°C tp 35°C

CHC e 20T

0°C 10 50°C
150w 350
20w 50

0°C 19 50°C
15°C 10 35°C
20°C10 25°C

/8 0°01050°C

15°C t0 35°C
26°C o 75°C

G°C to 80°C
15°C 10 36°C

oG 550

(<0 w0 50°C
1598 10 38%6
2% w0 2590

J°Cta50°C
15°C w0 3550
2)¢€ 15 25°C

0°C 10 50°C
15°C 10 35°C
20°C1025°C
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Accessories for 8ensors
R&S NRP-Z2

Extension cable

Total length incl sensor calbie
R&S NRP-Z5

Active USB adapter with trigger
fnput and plug-in power supply

Trigger input
fazimum voltage
Logic level

Law
High
Input impedance

Plug-in power supply
Voltege/frequency
~Tolerance

Current consumption - _
Connegtions "~ ©- - .

Conracting cable te PO
USH interface
Length

Dimensigns (M x Hx L} -

USE adapter -
Plug-in power supply -

Weight
USE adapter
Plag-in powsr supply
R&S NRP-74
Passive USB adapter (cable)

LiSB interfare
Length

R&S NEP basic unit
Application
Sensors

Measurement channels

Basic varsion
varsion + R&S NRP-BZ

asic varsion + A3S NRP-BZ +
H&5 NRP-BA

for connecting the senser to the basic
unit or 3 USB adapter

35m
8.5 m {not in conjunction with
R&S NRP-74)

5 m {madel 05} or 10 m {modsl 10}

or connecting a sensor 1o the USB
. interface of 2 FC

+15Y

<08V
AR
approx. 5 k0

100V 10 240, 50 2 o 60 Hz

+10% forvoltage, =3 Hz for frequency

75 mé tyg. with sensnr conriected:
‘viz acapter to ail common AC suppliss
{Europe, UK, USA, Australia)

typa A
approx. 2 m

48 1o 45 mim x 140 mm
B2 max 73 mmx M0 mm -
length of fine t adepter: 2 m

02kg
<03kg

for connecting a sensor to the USB
Interface ofa PC

itype A
fapprox. 2w

multichannel power meter

R&s NRP-Z series

Measurement fun{;ﬁonaiit\r ;

Single-channel

Display
Absolute
Relative

Multichannel
Display -~

Difference.”
Hatio '_ g

Relative ratio
Display
fype

Backlighting

Meastrement results™ <0

Resolution.”
Digitaf values

Ana]ﬁg' display e

Manual speration

Remaote control

Systems

Command set

IEC/EEE bus
interfacs functions

Connacter

Firmware download .

i W cBm and dBpy
indB, as change in parcent [A%) or a3
queient

| simulisnanus measuremant in up to
- A chanpels; atio, relatve ratio™
> I difference of results of 2 cha*me[s can
: be. dispkayed Har alt fonctions except
ESCOQP} RUTII A

SRR W - .

© indi, as change | nnerrent (AY }

o Tguobient o7 as one of the foﬂowmg
- matching parameters: SWR, re‘mm

¢ luss; refiection cogfficient .

o i ¢B, a¢ changé in per rerﬂ( %ior as
fquonent :

o+ ¢ LG graphics scréen Y VBA (320 % 240}
: pixal, mo_n_oc_hmme_, {ransflective”

brightness adwistable

o up to 4 redubts with additional informa-
S b (ding Ma BdaMin, fraquencyl
. Lan simuftaneously be dssplayed iy
e T separatewmdom
< Represehtation " L L

dsg;ta% d;gltal cmd anaiug' L

" selectabis in i St‘“’pa :
00T dB/0.01 %4V digits [, quotient)

007 4B/ % 3% dights W, quotient}

0. dBAT.0%/ 204 digits [WE quotient)

TdB/1.0%/2Y5 digits (W, quotient)

- depenting ot User deﬁnabiﬁ scale end
jvaiues T

g-oiented menus with hot-
the most important fuactions

SCPLT090.0 -

SHIT,AHY 83,183, 75, TE5, 5RY, PPY,
PRE AL DCT EZ.0T1, CO
24-pin Ampheno! {famale;

- with a Windows-compatible program

fram the BES NRP toclkit via the rear-

“panel USB interface {type B}

Pewer Meter RES NRP 15
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h}putélautputs (rear panel)

IN/OUT 2
Modes
Andlog Dut

Eiestrical charasteristics
Trigger fn
Maximum voltage
Logic lavel
" Low
High
Impedange
Conngetor

Powel supply
Voltage, frequency

Tolerance
Apparant power

D;mensmns (W % E—i x [})

Weight

Andiog Gut and Trigger In

recorder sutput; user-definable finear
felaton thmedsuremant result (display
windaws 110 4]

see QUT?

input for trigger signal to sensors
=TV/=10Y

<08y
=20

10 k100 pf

BNE (female}

220 Vi 240V, 50 Hz to 80 Hz
100V o 120, 50 Hz 10400 Hz
+10% for voltags and fréquarncy
<8 VA

o ZmdiZomx 26

<3.0kg

Options for R&S NEP
R&S NRP-BI
Power reference -1
Paer 150 mW
Uneertainty
20°0 19 75°C 0.95%
°Cto 50°C 1O0%
Froguency 50 MHz
SWR <1061y,
BF connactor N {feméale)
R&S NREP-B2
Second test input {B) for R&S NRP-Z sensors lavailable as

staridard-on Tront panel}
R&S NRP-Bb

Third {C} and fourth (D) test inputs  for R&S NRP-Z sensors {only on rear -
parial]

R&S NRP-B6 -

for test jrputs A and B (Gmy possibla if
thie R&S NEP-BS option is ok fnstalled)

Rear-panel assembly

General specifications

Temperature loating™®

Operating rangeand permissubierange, . iy
{in. HLif ditferentl: mzet IEC 60888
°C I 5"{3} EG +5G°D

RES NBPZB

Storage rangs
RE&S NARP with options
R&S NRP-Z2, -23,-21%, -1

~20°C 1o +70°¢
~40°C 10+70°C

Climatic resmance e jmeets !EC 88858

Dan‘p heat + 250 +40°C gyclic at 95 % selativ
hurmidity

R&S NRP-Z3, 211, <223 with restrictions: en-condensing

Wischanical sosistance

meets I£C BOOGE
HHzto b5 Hz, max. 2 g
55 Hz to 150 Hz, 0.5 g constant

Vibration, sinuseidal

meets £ GUEJSS

?8 Hz m EE}G Hz 1 9 g (rms

meets IEC-B0D6E; EG q s‘mk spectrum

% i
: 565 h?a (455& m) 1o ?0

meets EN 81326, EN 55011

Power Meter R&S NRP 16
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@

¥ oorection activaiad
Hefarenced t6 0 4B
Specifications anply o imeskats with 2 duration of 12.5% referenced to the sigral period {duty
cycle 1:8). For other waveforms the following equation agplies.

inwer measuramant mjt = 200 pW x Ymaasurement trag/intagration tme
For measuremant fime, sea saecdicatians. For intagration time, see foonote
With & resoiution of 256 paints.

Transition regions can be shifted by up 3028 48 i atlomatic path selection has been chasen
The Stope funstion wil b availabie for the B&S NAP basic unit as of spring 2603

Postion of signal that is the subjsct of measurement (sampling. The faetor of 215 dug to the
measuremant neing performed in Lwo equal pesiods of limea (chopper amplilier) separated by
100 ps. If averagisg s aclivatad, the averaging factor detenmines the number of measurement
windows i be averaged.

Far calculating the pulse power of periodic bursts fFom an avarags power rgasurement.
Toincrease measurement spesd. the power sensor can ba nperated in buftered mode. §

it}

in this
rrode, measurament results ara stored in a buffer of user-definable size and then outputasa
biack of data when the buffar is full. To enhance measursmant spaad aven further, the sensor
:an be set 10 recerd the ontire series of measuraments when 1iggered by a single event, in this
£ase the power Sansar am’bmaiécaﬁy siarls & ngw measurement as soon as it complates the
praceding ane.

This parameter snables power measuremants oa modulsied bursts. The pararseter must be
longar in duratior than modulation-indeced power drops within the Burst, but at feast 10 us
sharter thar the gap batween the and of one burst anc the beglnning of the next ohe.

To exciuds unwanied portions at the beginning or end of the measurerment window from the
reasurement result.

Pastion of signal that Is the suject of measursment fsampling). Periadic signals are measurad
in two nqual perods of Hime (choppe: am r} separated By 100y, 1 averaging is acthvated,
the avaraging factor determinas the number of reeasurement windows o he averaged.

fo prevent aliasing i the case of signals with discrate modulation fequencies belween

140 &z and 1 MHz.

Twro standard deviations, 10.24 5 integration time {ses fatnata ', Multiplying noise spocifics-
tions by V024 sfintegration time vields the noise contribution & othecintegeation tiraes.
Smoothing isee dnder Measurement windew) ncreases noise by 22%.

Ty standard deviations, for power levels greater than 500 oW (32 dBm} in Continuous
Ayerage mode with automatic path selection {User def'd crossover deactivatad or set o 0 d8}.
\Withir: 2 meastrament subrangs, reiative measdramant Lncertainty due 1o noise is inversaly
proportissal to the measurad power. The specified vatues refar to 500 0¥ {33 dBm} and the
Jowet fimits of paths 22nd 3 a0 30 W (13 d8in) end 5 mW {+7 dBm| respectively.

integration tiee is defined as the total time used for sampling the signat. i can be caleutated by
maltiplying the duration 5f the measurement wisdow by the averaging factor

Expendad uncartaingy (k= 2) after 2eraing ifor 4 ). Zeroing for more than 4 5 lawers uncertainty
corcaspondingly thaif values for 185},

Within: 1 heur after zeroing, parmissible tamperatire change = 1°C, follawing 2
of powar sensor.

Magritue of measusement error wilh rsfarance ta an ideal thermal pawer senscr that mea-
sures the st power of carriar and harmesics. Specified valies apply 1o sutomatic path selac-
tion {User dafd crossover deactiveied of set 10 0 0B} and pawer fsvels up to + 20 dBm. Above
+20 6B, specified values must he mulliplied by & facier of 1,25 per ¢ 66 vise i powesr lovel.
Within & measlrement subrange, &rrars (bncestainties) are preportianal 1o the measured
power in YW, Tha spacified values raforto 10 pW 120 dBr) for path 1, 11 (0 dBmltor path 2
and 100 mi¥ {20 dBm) for path 3.

Adhering to spacifiad ereos fimils implies that harmenics above 25 Gz (R&S NAP-Zitand

56 GHz{R&S NRP-771kare at teast 20 dB lnwer than required at other frequenciss.
Measurement eror with reference to CW signal of equal power and frequency. Specified
valugs apply to autamatic path selection (User daf'd crossover deactivated or set tn specified
vaiug}and powsr tevels up 18 1+20 dBm + User defd crossovarh. Abova this level, specified
values must be reuitislied by a facior of 1,25 per 1 68 sise In power level, In the measurement
subranges, the specified values apply to —20 dBe for path 1, 1d8m far path Zand 20 dfm for
path 3.

[ W2T-1p

iy

2

a2

i

The AT0 mode is noz avaable inconjunction wizh the BAS NRP basicumt

Characteristics [ika Tor a conventional power mater. The averaging facior increases continy-
pusly as power decreases, but ot 7o the exient that would be necessary to keep the relative
noiss conrtent at the same level.

Lirnits the averaging factar when measuring very low powers of whon the naise contentis set
to @ very small value {status information available).

Raferance Gesinl and refierance paint ore user-definable

Prefarably usad with desermined madulation, when the duration of the maasurement wéndow
cannot be matched 10 the modulation perind. Somgarsd Lo & ractangulas windowe, dispiay noss
s &bt 22% higher

Valid fos Repeat mode, extending from the beginning to the conglusion of elf ransfers vie the
USE interface of the pawer sensar. Maasurement times under remote control of the RAS NRP
asic unit via 1EOEEE bus are approdimataly 2.5 ms langsy, axanding from the startof the
Ineasurament until the measurement rasuit is supplied 1o the autput buffer of the RAS NRP.
For celoulation of reasursment tme, 1 must be set 1o twice the averaging factor if the expres-
son {number of Gmeslots x nominalwidth « 160 s + trgger delay) excesds the Lagger pericd.
This function can be used ta couniseact intgractions batween the signal sousce and the input of
the power sensor finpul of 2 compenenst ahead of the pewsr sensor i s-paramelsr correctianis
activatad). By using this function, the nominal power of the source into 50 €2 cen be measurad
{withaut this correcticn: power of the incident wave).

Expanded uncertzinty ik = 2) for absaiuie power measuremants on CW signels at calibeation
laveds {20 dBm for path 1, 0 68m for paths 2 and 3] and the catibration frequencies {10 MHz,
15 MHz, 90 hiHz, 30 ks, 50 btz 100 Mt from 250 MHz 10 § 1181 GHz inincrements of

250 MHz) Specificatinns include 2610 offset and display nuise {Up 1o a 2 ¢ value of 0.004 dB)
Expandar unceraingy {k = 7} far absclute power measurements on CW signais with astomatic
pati selection. Speciications inciude display roise with a 2 ¢ value up to 0.01 48 and zero oft-
set for ivals from -40 dBm 1o +22 dBm, Highsr display nuise and the effact of zero offser at
lowres feveis must be considered separately,

Example: Power to be measured is 3.2 0¥ {55 dBmjat 1.8 GHz ambient temparature Is 79 "G
sttomatic path seiection is sel. Typical absotute uncertaiaty due tu sero offsat equals 84 [,
corresponding 1o @ ralative measurament unceraingy of

10&\;{3

Combined with the specified vaiug of 0.081 dB for the uncartainty of absbiuis powes measure-
menits, the tota! uncersainty is Y0 026710081 dB = 8.12 dB. Naise conlent excaeding 0.07 dB
shouid Be considered i the sams way,

Expanded ungeriainty {k = 2] for refative puwe’r meestremants on CW signals with automatic
path selection. Specifications inciude display seise with a 2 g value us 0 0.01 4B for bath the
maasusament and the referance fevel as well as zero offsets for all levels from —40 dBm to
+23 dBen. Belawy 40 dBm, the effect of increased reiative 2am0 oHfset must e takerinto
acouunt {ond for the lower lavel, f both lavals are below —46 dBm}. Display noise excsading
5.0 48 mast be considersd senarately for hoth the meastrement vl and the wefeence level
i applicablel. See exampie in footnoze *or calculation of total uncesaingy.

Resting the measurament unsertainty for relative POwWET MAZSLTBTERE

The example shows 3 level step of apprax. 14 dB {4 dBm - +10 dBm}et 1.9 GHrand an
ambient temperature of 28°C.

166 kb 10 4 GH:

“Bogaes o218 o
0GEE  BIE 0937
Giss  BG47 BRI

e net

- 5 0 16 55

04 e IR
* v
e
198

L

Fower fevel i 204y

dim

el 2 s

Duatient of 2 measured and a stored reference power ratia, e.g. for measuring gain compres:
sion of ampiitiers,

Tre operating tamperature range defines the span of amblsnt tamparatire inwhich the insteu-
ment compiies with spagifications. in the permissibie temparature range, the instrursent is stif
furictioning but adkersnce 1o sps gns is nat waraned
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