Products: R&S® Network Analyzer ZVL, ZVA, ZVB, ZVT

Balanced Reflection Measurement
with R&S® ZVL

Application Note

This application note describes how to measure balanced reflection mixed mode S-Parameters with a 2-
port Network Analyzer like R&S®ZVL. The application note directly transfers S-Parameter Trace Data from

R&S® Network Analyzers to Microsoft™ Excel™ using a direct connection like GPIB or LAN and does the
mode conversion to Mixed Mode inside Excel™ with a VBA Macro.
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Overview

1. Overview

This application note describes how to measure balanced reflection mixed
mode S-Parameters with a 2-port Network Analyzer like ZVL. The
application note directly transfers S-Parameter Trace Data from R&S®
Network Analyzers to Microsoft™ Excel™ using a direct connection like
GPIB or LAN and does the mode conversion to Mixed Mode inside Excel™
with a VBA Macro.

Prerequisites are a PC running Microsoft Excel™, a R&S® Network
analyzer like ZVL, ZVA, ZVB or ZVT as well as a working remote control
connection between PC and instrument like GPIB or LAN/Ethernet. .

The following abbreviations are used in the text for R&S® test equipment:

ZVA R&S® ZVA Vector Network Analyzer
Z\V/B R&S® ZVB Vector Network Analyzer
ZVL R&S® ZVL Vector Network Analyzer
ZNT R&S® ZVT Vector Network Analyzer
R&S Rohde & Schwarz GmbH und Co. KG

2. Preparation

In order to use this application note, you need a remote control connection
between the PC operating MS Excel™and the R&S® Network Analyzer.
There are following possibilities for this connection:

E

/GPIB\-[

|

=
i) &

T I

2. LAN/Ethernet using Intranet or Internet

LAN
Server/
Switch
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Preparation

3. LAN/Ethernet using direct LAN or Crosslink LAN connection between
PC and Network Analyzer

Or Crosslink-
LAN

2.1.GPIB for Control PC

In order to use the GPIB interface, your PC must be equipped with a GPIB
interface hardware.

In addition, the remote control library “VISA” needs to be installed on the
PC. The VISA library is available e.g. at www.nationalinstruments.com

2.2.Preparations for LAN: RSIB32.dll

This Application Note shows how to use remote control of Rohde &
Schwarz Network Analyzers over a local area network. Rohde & Schwarz
VXlpnp instrument drivers are based on VISA. Instrument Drivers as well
as this Trace-To-Excel application can control the instrument via LAN if the
RSIB interface and passport are installed.

The RSIB interface is a R&S® defined protocol that uses the TCPIP
protocol for communication with the instrument. It consists of a set of I/O
functions very similar to the National Instruments NI-488.2 interface for
GPIB.

The following table shows some corresponding functions:

NI-488.2 functions RSIB functions

ibfind RSDLLibfind

A more detailed explanation of RSIB can be found in the Rohde&Schwarz
application note 1EF47, “Remote Control of R&S® Spectrum and Network
Analyzers via LAN”. This application note is available at www.rohde-
schwarz.com/appnote/1EF47.html. The application note comes together
with the RSIB Passport as well as the necessary RSIB.dll library.

Please install the RSIB Passport according to application note 1EF47.
Make sure the RSIB32.dll library is available in the Windows System folder
of your remote control PC.
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® system32

Flle Edit View Favorites Tools H‘E'E’

OBk~ L)~ ¥ JSearch [ Folders | L 3 X 9 [T~
Addressl|> C:\WINNT\systam32 |

Fame ~ | Size | Type | Date Modified |
AR sClassinstall.dll 48 KB Application Extension 23.08,2005 ...
Srsfsaps.dil Z8KE Application Extension 23.08.2001 ...
Brsh.exe 15 KB Application 04,08.2004 ...
(Slcst32 20 KB_Application Exferclon Q4082004
SRsib32.dll 101 KB Application Extension 04.00.2002 ... ]
{ - S0 KD HL)[JIILE.ILXI L3I0, 001 ..
Hrsmps.dll 19KB Application Exterision 04.08,2004 ..,

2.3.LAN/Ethernet

Both, PC and Instrument must be connected to the Local Area Network
LAN and have a valid IP address inside the LAN. You can check the IP
adress of your PC from the Windows Control Panel inside the Network
Connections.

For the R&S Network Analyzer instrument, please check first if the
automatic assignment of an IP address (DHCP) is activated.

In case of ZVA, ZVB or ZVT, Press the “Windows” button on
the ZVx frontpanel in order to display the Windows Taskbar

B

- In case of ZVL, access Windows XP using an external
keyboard

- Open Start->Settings->Network Connections->Local Area
Network Connection

- In the dialog, select “Internet Protocol (TCP/IP) and go to

“Properties”
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. Local Area Connection 3 PRI= k4RS!

General I Buthentication | Advanced |

Connect uzing:

| m Broadeom 570 Gigabit [ntearated Co

Thiz connection uzes the fallowng items:

] S AEGIS Protacol IEEE 80218 +3.2.0.3 ;I
g g |nternet Protocol [TCRAR)

<

Iristall... Lzt Froperties

— D'escription
Transmission Control Protocal/Intemet Protacol, The default
wi_dé area network protocaol that provides commurnication
across diverse intercornected networks.

V' Show icon in hiotification arsavhien conrected
V' Matify me wher this connection hias limited or ho connsctivity

ok | cancel |

- Make sure that the settings are “Obtain IP address automatically” and
“Obtain DNS address automatically”

Internet Protocol {TCP{IP &\ 2| x|

General I Alternate Configuration |

“You can get IP settings assigned automatically if your network supports
this capability. Otherwize, you need to ask your network. administratar for
the appropriate IP settings.

< % Obtain an IP address automatically >
" Use the Tolcwing 17 addiess:

|F address: I—
Subnet mask: I—
[efault gatewap I—
% Obtain DMS server address automatically
= S8 Esses:
Erefered DS senver: I—
Alternate DHS senven I—

Advanced... |
Ok I Cancel |

After confirmation of the automatic network settings, please check the
obtained Network Analyzer IP address. You can do this in the following way:

2.3.1. ZVL

To check the IP address, proceed as follows:
1. Press hardkey “Setup”

2. Press softkey “General Setup”
3. Press softkey “IP Address” to display the ZVL IP address
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2.3.2. ZVA, ZVB, ZVT

- Press Info Button

Selftest

I Error
Log

- Now you can find the IP address of the analyzer below the “IP
adresses” section

Hardware Configuration

Instrument Type: Z%AZ4 with 4 Pors
Part Murmber: 1145.1110k26
Setial Mumber: 100171
Product Indesx; 07.00
|[EC Bus Address: 20
P Addresses
Subnet bask 0.0.0.0
Subnet bMask; 265.255.0.0
ocalhost)  SubnetMask: 255.0.0.0

IF Addrese RIAE
Sybdapping: 2vaA_F4
LO Divider: is not active
Firrnware Yersion: 2.01
Image:
Yersion pzao

Please note that the ZVA, ZVB or ZVT instrument has two LAN ports.
Depending on the port you are using, please use the first or second IP
adress in the Hardware info field.

- Final preparation step: Make sure that you have the LAN
remote control library RSIB32.dll installed on your PC remote
computer (see section 2.2).
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Operation of the ZVx_Balanced.xls Tool

2.4.LAN/Ethernet using direct Crossover connection between
PC and Network Analyzer

You can also directly connect your remote PC to the ZVVx Network Analyzer
instrument by means of a normal LAN cable or by a crossover LAN cable.

A crossover LAN cable has same connector types as a normal LAN cable,
however the wires inside the crossover cable are crossed.

3. Operation of the ZVx_ Balanced.xls Tool

This application note comes with an Excel™file tool which enables you to
directly transfer S-parameter trace data from Instrument to Excel™ and
which does the mode conversion to Mixed Mode S-Parameters.

The mode conversion algorithm is documented in literature, see. e.g. [2] for
the theoretical background an an algorithm explanation.

The supplied Excel-file ZVx_Balanced.xls consists of a spreadsheet and a
software macro function written in Visual Basic for Applications VBA.

When opening the file ZVx_Balanced.xls, you will be asked to enable the
macros. Attention: It is absolutely necessary to press “Enable Macro” here.
The tool will not work without the macros.

Microsoft Excel & 2| x|

'O ADATAProducks\Empf angeriNetwork_analvzeriAppMotesi Trace ToExcel_¥I
FiZ¥x_TraceToExcel.xls' conkains macros.

Macros may contain viruses, It is usually safe to disable macros, but if the
macros are legitimate, you might lose some functionalicy,

Mare Info |

Disable Macros

RSI05_0E 8 Rohde & Schwarz
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Operation of the ZVx_Balanced.xlIs Tool

3.1.Screen of ZVx_Balanced-Tool

After opening the Excel™tool, you will find see a spreadsheet as shown

below:
E1 Microsolt Excel - 2vie_Balanced v 1.00.:ds i H‘lﬂ]}]
&) He ESt Vew fset Fomat Tock Dsta Window Hel Trpe 3 qusstion for bok_ S80S
DN RY I2@-F v-o- @ -8l @~ -9.
Arial -10-11.]!535@'@%,1.‘5.‘3‘3 EiE DA

Al - = RESOURCE

=] N E 1 Ryl a | H B 1 i g
Far control v LAN: Flesouics 3 REE-RII24MNSTR
Read Trace Dala
‘" For contral wa GPE: Fesource = GPE0-20-NSTR
Sdell mag Sdell phase Sedil mag Sedll phase Seell may Heoll phase

SRS R e e ST “RAREZNIIT -4 DIROTER Rrelxco ]

SRS L IE RS TIMBSTEY -REMT0 ~1HTRTATTE U5 X223

~S0EBO1R3S ELEEELAT ~20.TTO8I206 AS BT IERTIeND 27 52MATH

20505330247 SLMITEI 20400500% SLABARDTES JAZR0IETY NOETIES

2022003065 BETZHHTIY ~20. 26485124 <BE EMEI06! 3 2XI226856 Raalios ke

A1E54GT245 -3 DEEIG Sy SISETENETY

13 7RE18EE) -BEZHINIM MR TTRIRIEE BB 441DET ZERIBETEE 138 080368

1RE0407228 ~TOTITATRE A4 -TRESMOL Rapar g 107038410

200 AOMIETTHE TIADEZGHD AT 480N «Th 587410 1R 47435086 THIBOTTR0E ~25TB02R07 “Hiamazm

L2as AT 20ISN0NEE IALOEEET TTTTTOTRIS BEBHALE T TTEHSEIES ~LAYSBEZE04 SHE TG

1250 R 222988568 18 206E5048. -B0 94338281 1820308 A0 BSEATST -2 IEWTHEIL -MA s

178 <WT2BAERS S04 191334026 FLEHITI ARMSITE BAAZE008T SLMIDAITTE 150 6TI0TH

100 HLIMEAIEE Lp o] SH0EITIET B0 B lirih ) B TERSATY A SE8I80T SHAE

1328 LSETTIN EAZ22050%9 906330002 96 B195RE25 RO BE 22T (LEers ] Roal=

150 ALEAINE s 0TS BT ONIETE WIS ATDATRR 1EE5441001 PR EITITE

1375 MLATTESES -6 455508 8. TeB02RE2 AT ATHSESEY M0 TEIM AT RN BETIOE2 SEOTEMTIS

1400 <M 2064 AL MEETNED T TEMGEN RSB A7 02055 AWEREZTT 1632953963

1426 W S0823837 20 0TS ABIBTAIZTE -BE.HTHEA W ITS0ERE2 B EETRZY AZN0ITISE 65 S IETIE

1450 ST -2 90021322 AT TSEEA0N2 BE 44126554 ATTUITT -8 4 300N ATHTI BETR2IIE

|ATS B B0IMTAT ~FIERTSET ArzzzeaEnt 06 4TOEISH AT 22T -BE204TEG ADGDIIHS ITLETR0053

(L0 7 S093486T ADITEARTE R EISO0E24 BE7400H18 16 STIMIEE -85 RI0STHED AT ATABEEETTT

1528 ~T 02036 ATIEHTTEH -1 N0E504) 8776700571 -15.9900057 &7 TII0ITH 0,BET23ITH T 5308

1550 L0207 2 ESTITES M T4 H008. A9.TITTOY W IR B3 TA4BI0E DAMH000T TR IE30I05

2 1678 - Taxese b DAABEE HAUETE <52 216905 M AT ~STIHEIT -DITEBESNY TR
i 1600 Saprers SESHEDET LTRSS S E1263927 AvETasuEn 36 E2006021 -0 TES20I873 WaaeeEsa i
b T il o SPAROATAATL (R frrAAS B LTS 0 T S £e it AL S TR AT Lahs Lial ] :
€4 % Wh\zvw_Dota (Sadi /et J Sedit { secit ) ' . : i o1

Dawe I3 aposhepes S\ R CICE EAS R > Z-A-=SE=E08.
Paady NuM -

The spreadsheet consists of following elements:
- Resource String

- Instrument Identification

- Execution Button for download of trace data
- Frequency List

- Magnitude and Phase of Mixed Mode S-Parameter Trace Data (Sdd11,
Sdc11, Scd11, Scc11)

3.1.1. Resource String of instrument

This string is located in cell “B1” of the Excel™spreadsheet (green color).
Depending on the interface type, a different resource string is used to
address the instrument.

GPIB Interface:

Use Resource String “GPIB0::20::INSTR”, where “GPIB0” = Name of
GPIB interface and “20” = GPIB address of Network Analyzer

LAN Interface:

Use Resource String “RSIB::89.13.1.241::INSTR”, where “RSIB” = Name
of interface, don’t change, and “89.13.1.241” = actual IP address of your
network Analyzer

9 Rohde & Schwarz



Operation of the ZVx_Balanced.xlIs Tool

E [ |
For contr
Read Trace Data
2 |ID: 4 Far cantr
| 3 | Stimulus Freq [GHz] Sdd11 mag Sdd11 phase Sdc11 mag Sdc11 phase Scdl’
| 4 | 1.000 -5 785411621 B7 59949322 2151690945 -32.89314139 214
| 5 | 1.025 -5.117BRAM2E £3 88621095 2112512243 -39 783A2A2 21,14
B 1.080 -5 47BE7 OG22 59 94541712 2081501239 4589185442 2077
3.1.2. Instrument Identification
This string is located in cell “B2” of the Excel™spreadsheet (light blue
color). The instrument identification string shows instrument type, model,
serial number as well as FW version. The string is updated after each trace
download from the instrument.
Read Trace Data
| 2 |ID: 4
| 3 | Stimulus Freq [GHz] S mag Sdd11 phase Sdc11 mag Sdell
| 4 | 1.000 -5.785411621 B7.69949522 2151690945 3289
= 1025 -6.117RR4028 F3.88521095 2112512243 3987
B 1.080 -6.47RR7 0622 £9 94641712 2081801238 -45.69
In the neighboring cell “C2”, you can find the detected number of ports
(orange color).
In case of any problem with the instrument connection, there will be the
message “Instrument not found” in this cell.
The string corresponds to the return value of the “*IDN?” remote control
command.
3.1.3. Instrument Execution Button for download of trace
data
With this button you can execute the download of the trace data from the
instrument and start the conversion calculation to Mixed Mode S-
Parameters.
E |
Far corr
| 2 |ID: = Faor con
| 3 | Stimulus Freq [GHz] Sdd11 mag Sdd11 phase Sdc11 mag Sdc11 phase Scd’
| 4 | 1.000 -5 785411621 B7 63949522 2161690945  -32 89314139 21
| 5 | 1.025 -6.117664028 £3.60621095 2112512243 3957639282 211
B | 1.080 -6 47RR7 0522 53 94541712 2081801233 4589185442 207

After pressing the “Download” button, the VBA Macro downloads all 4 S-
Parameters of the currently active ZVx channel. Subsequently, the S-Matrix
is converted to Mixed Mode S-Parameters. The results (Sdd11, Sdc11,
Scd11, Scc11) will be shown in the spreadsheet by magnitude and phase
each.

If the current instrument setup contains several channels, the Excel™
Macro will use the currently active channel settings for the trace download.

RSI05_0E 10 Rohde & Schwarz



Operation of the ZVx_Balanced.xlIs Tool

3.1.4. Frequency List

After the successful download of the trace data, you will find the
corresponding frequency list in column A (pink color).

2
| 3 | Sdd11 mag Sdd11 phase
4| -5.785411621 B7 E9945820
| 5 | -5.117664028 F3.88621095
B | -5.476670622 5994641712
| 7 | -5.85957 2351 55 87894857
| & | -7 246262405 £1.58801807
ER -7 BE7 327676 A7 2739344
| 10| -8.0092694445 42 72353141
11| -5.550354569 35.19375633

12 -9.035387756 33.40829148
EE1 SOEF1R1EMA4 AR ARRN142A

3.1.5. Magnitude (dB) and Phase parameter of Mixed Mode S-
Parameter Trace Data

The Mag(dB) and phase values of the mixed mode S-Parameters of S11
can be found in columns B to | (yellow color).

This data is actually not directly downloaded from the instrument, but it is
calculated within Excel™ VBA from the normal (single-ended) S-
Parameters.

=] . E | B Cl H_ B e B
For control via LAN: Resouice = FSIB-89 11 1.241INS”
Read Trace Data
i
| 2 m . For gontrol va GPIB: Resoure = GPIB0-20-4NSTR
3 Stimulus Freq [GHz] Sddll mag Sddil phase Sdell mag Sdell phase Hodll mag Sodll phase Seell may Sooll phase
[ | 1000 67.69949822 18 40ZB0TES4 1226266535
e L 5 b
I3 | 1080 & gt
1 | 1078
s | 1300
81 s
kW] 1
L) s el
” 10 ANMTETTRL THANSISME

3.2.Graphical Result View in Excel™

With the graphical functions inside MS Excel™ , it is possible to display the
downloaded trace data as a diagram.

An example is shown in ZVx_Balanced.xls in the four diagram pages
“Sdd11”, “Sdc11”, “Scd11”, “Scc11”.

RSI05_0E 11 Rohde & Schwarz
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Operation of the ZVx_Balanced.xls Tool

Fead Trace [ ata

2 [ID: 4

3 Stimulus Freq [GHz] Sddil mag Sddil phase Sdell mag Sdecil phase
4 1.000 5. TEn4IE2] BY.63349822 -21.51690945 328934139

5 1025 -6.117EE4025 B3.88621095 -2112512243 -3a.5TeIg2g2
[ 1.050 -EATEETOE22 59 94641712 208180239 4529185442

7 1075 -6.85957 2361 Bh. 87394867 -20E0533247 -G1.41876324

2 1100 -7.246 262405 5155301207 -20.23803065 56 T2A71713

3 1125 -{.EBT32TET -20.00043514 -61.595E0363

sddil 4 5dcil £ Scdil
Draw = [+ | AukoShapes =

M 4 » H[42¥x_Da

3.2.1. Example: View for Sdd11

F3 Microsoft Excel - 2¥x_Balanced_v1.00.xls

@ File Edit Wiew Insert  Format  Tools Chart  Window  Help Type'a question for help = S0@ X

DEEHD SRY VBB oro-| @ -4 3 mf@ee -3,

| T HlB o |=E==H@ %, BEEE|LsO A
. = £
Sdd11 —S5dd11 rmag
—Sdd11 phage
D T T T T T 2DD
g.EEIEI 1.000 2.000 S}DQ 4000 5.010 \E_D%D
g N4 NN (L
= -10 =
Rt + &l @
D =}
sl N/ \ R
- N iy
c o
10
g 0 T
= \/ \ \ \ 1 400
28 \ \ 1 -150
-30 =200
Freq [GHz] —
Chart Area =
44 b by 2 Dalla b5dd11 Asdetl £ Sedil f Secil /o 141 ]L[J
— = “"h._.-ﬂ" TR = o
Drawr g Autoshapesy N W ] O 4 = F Grié-A-==c BE.
Ready MM i

The display shows two traces: One for magnitude (blue), the other for
phase (red). The corresponding Y-axes can be found on the left side
(magnitude) and right side (phase).
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Hardware and Software Requirements

4. Hardware and Software Requirements

4.1.PC Hardware Requirements

Minimum Recommended
CPU Pentium 133 MHz Pentium Il 450 MHz or higher
RAM 32 Mbyte 128 MByte
Harddisc 10 MByte free space 50 MByte free harddisc space
Monitor VGA monitor (640x480) | SVOncO monter,
IEEE Bus or required
LAN/Ethernet

4.2.PC Software Requirements

Minimum Recommended
oS Windows 95/98 / NT 4.0 | Windows 98 / 2000 / Me / XP
/2000 / Me / XP
Microsoft Internet Explorer 5.0
o)) or above
add-ons Microsoft Excel™2002 or
above
f’T:E Bus Version 1.70 (or above) Version 1.70 (or above)
river
VISA VISA 4.0 VISA 4.0
RSIB RSIB 1.0 RSIB 1.0

5. Literature

[1] R&S Application note 1EF47, “Remote Control of R&S Spectrum
and Network Analyzers via LAN”, available at www.rohde-schwarz.com

[2] D. E. Bockelman, W. R. Eisenstadt, “Combined Differential and
Common-Mode Scatterin Parameters: Theory and Simulation”, IEEE Trans.
on MTT, Vol. 43, No. 7, July 1995, pp. 1530-1539

6. Additional Information

This application note and the associated program are updated from time to
time. Please visit the website www.rohde-schwarz.com/appnote in order
to download new versions. Please send any comments or suggestions
about this application note to TM-Applications@rsd.rohde-schwarz.com.

13
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Ordering information

7. Ordering information

2-port Network Analyzers

R&Se ZVL3 9 kHz to 3 GHz 1303.6509.03 (2 ports)
R&S® ZVL6 9 kHz to 6 GHz 1303.6509.06 (2 ports)
R&S® ZVA8 300 kHz to 8 GHz 1145.1110.08 (2 ports)
R&Se ZVA24 10 MHz to 24 GHz 1145.1110.24 (2 ports)
R&S® ZVA40 10 MHz to 40 GHz 1145.1110.40 (2 ports)
R&Se ZVA50 10 MHz to 40 GHz 1145.1110.50 (2 ports)
R&Se ZVB4 300 kHz to 4 GHz 1145.1010.04 (2 ports)
R&S® ZVB8 300 kHz to 8 GHz 1145.1010.08 (2 ports)
R&Se ZVB14 10MHz to 14 GHz 1145.1010.14 (2 ports)
R&S® ZVB20 10 MHz to 20 GHz 1145.1010.20 (2 ports)
R&S® ZVT8 300 kHz to 8 GHz 1300.0000.08

(2 ports to 8 ports)

Apart from the 2-port Network analyzers listed above, also multiport
Network analyzer with 3, 4 ports (ZVB, ZVA) as well as 8-ports (ZVT) are
available from Rohde & Schwarz.

Please note, that complete solutions for signal generation and signal
analysis for various applications are available from Rohde & Schwarz.

For additional information about equipment, see the Rohde & Schwarz
website www.rohde-schwarz.com.

ROHDE & SCHWARZ

ROHDE & SCHWARZ GmbH & Co. KG - Miihldorfstrale 15 " D-81671 Minchen * Postfach 80 14 69 - D-81614 Miinchen -
Tel (089) 4129 -0 * Fax (089) 4129 - 13777 * Internet: http://www.rohde-schwarz.com

This application note and the supplied programs may only be used subject to the conditions of use set forth in the
download area of the Rohde & Schwarz website.
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