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Direct Connection of OML Frequency Extenders to
Keysightd s FCNEB83@/C) VNA for 1-Path 2-Port

S-Parameter Measurements

Introduction

For full two-port S-parameter measurememdsextend PNAB/C vector network analyzers

beyond their internal operating frequency range with OML millimeter wave frequency extension
modules, it is necessary that the RBAC vector network analyzer connects to a millimeter

wave controller, N52BA. This papedescribes a procedure that allows the PNA to work with

OML millimeter wave frequency extension modules without the useegsight 6 s mi I | i met e
head controller, N526xA. The setup is limited tpdth, 2port measurements without the
controller;however, this configuration might be ideally suited for applications requiring only

S11 and S21 measurements (e.g., antenna range measurements).

PNA prerequisiteso function without the millimeter wave controller are,

1. Keysigh @BA vector network analyr B/C-serie$
a. Option H11 (IF Accesgs
b. Option 014 (Configurable Test Set)
c. Option 080 (Frequency Offsdtode) installed
d. Option 081 (Reference Channel Switch
2. Option UNL (ExtendedPower Range and Bidees
3. The most currentersion of the firmware for the E836x

OML extension modules requirements are,

1. OML @R & T modulesfor S11 and S21 measurememespectively
a. T/R module requires Option RLA, T module requires Option LOA
b. As an alternativansert a20 dB gain amplifier with +10 dBm P1dB the RF &
LO input port of the T/R module without RLA optiorand to the LO inpuport of
the T modulewithout LOA option.
2. TwoO ML ®€ power supplies with-pin circular jackconnections +12VDC, 3A
a. As an alternative, an external power supply can be substituted
3. ThreeRF phase stable cables (1m or 2m length), K(m/m)
a. Three IF cables (1m or 2m length), SMA (m/m)
b. One RF power splitter (splits LO from PNA to drive modules)
c. One SMAM/M) adapter
d. Three BNC(m) to SMA(f) adapters



OML mill i meter wave frequency extension modul
the PNA for millimeter wave measurements.

Hardware Connection

Connect the PN, OML millimeter wave frequency extension modules, and DC power supply as
shown in Figure 1 and Figure Eigure 1 shows the front panel view; whereas, Figure 2 shows
the rear panel view.

Note: RF and LO cables must be phase stable RF cables.
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- — 4

vt — -

Figure 1. Shown is théront view of theoverall millimeter wave setup consisting of

Keysight &®BA, OML6 s V NA e xt e jpeavercupplymemdintdrcenmects. Note that
this setup does not include the N526xA millimetsave controller. Left to right, OML T/R

and T modules are shown with a through connection. The RF, LO, and IF signals are
connected to the rear panel of the PNAn this configuration, thesetup supports enhanced
calibrations for S11 and S21 measurements.
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Hardware Connection(continued)

Rear panel interconnects are shown in Figure 2.

Figure 2. Shown is the rear view (including closgs) of the overall millimeter wave setup

consisting ofkeysigh 6 s PNA, OML 6 smodulsvitheptiondbAs& LO,and

interconnects. Note that this setup does not include the N526xA millimei@ve controller.

On the left, phasestable RF cables are connected to fhest Set Drivers output; the LO is split

as shown. On the right, the IF cables are connectedlasoswn t o access t he PNA
for S11 and S21 measurements.
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Typical E836xB/C Rear Panel H- & LO Output
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Chart above shows the typical RF & LO output power of the E836xB/C. The required input
power tooperateOML modules is +10 dBm. Therefore based on the above provided information
a 20 dB gairamplifier will need to be added wach oftheRF & LO pathsin order to achieve

desirednput power.
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PNA Instrumentation Configuration

Once the hardware connections are in plaélce,following steps describe the procedures for
configuring the system for S11 and S21 measurements.

Note: Keysight @°BA is running on firmware version A.09.22.08 for the screen displays
captured in this procedure. Different firmware versions may bligtetly different
displays.

1. Configurethe PNA torun without the millimeter head controller, N526xA.
a With mouse, select Utility/ System/ Conf.

File Trace/Chan Response MarkerfAnalysis Stimulus | Udlity Help
S11 LogM 10.00dB/ 0.00dB Print
50.00 System Security...
SICL/GPIB/SCFI... Configure
40.00 Code Emulation Service 4
Control Panel... Touchscresn
30.00 System Z0...
Power Meters...
External Device Config...

20.00 Millimeter Module Config...

User Key...
Keys...

10.00 Preferences...
LAN Status

0.00 [T —
-10.00
-20.00
-30.00
-40.00
-50.00
>Ch1: Start 10.0000 MHz — Stop 50.0000 GHz

Comt. CHT1: S11 No Cor LCL
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Millimeter Module Configuration

By default, the PNA will displajn this Millimeter Module Configuratiothe defaultStart &

Stop Frequency of the vector network analyzer. For millimegare coverage, one will need to
manuallyadjust the Start & Stop Frequency for the desired waveguide band as shown in the
following screen capture.

1.

File

If a configuration has not been previously defined, we begin the configuration process by

selecting New. Once created, available configurations are easy to select by simply
highlighting the desired name.
a. You can specify a name for the cmpration in the Selected Configuration field.

Inthh s exampl e, we halR&7-leforexéendedV/R-0ON2 1 VNA 2

b. The seleted test set should be set torlébecause we will bypass the N526xA
test set and use the PNA in a standalone configuration.

c. Update the multiplies for RF and LO (reference multiplier values on module top
label).

d. Enter the Start and Stop Frequencies corresponding to the millimeter modules.

e. Once these edits are completed, select OK to store and apply the séthags.
PNA will re-boot in order to setup the selected millimeter module configuration.

Trace/Chan Response MarkerfAnalysis Stimulus Utility Help

-40.{

Millimeter Module Configuration (2) X|

Selected Confi tion: T/R-67-
Available Configuration(s): ST |N21VNA2 T/R-67-1

WV15VNAZ-T/R ﬁ . Test Set Properties
VI2VNAZ-T/R Selected Test Set: None =
Y10WNAZ-T/R
VOSVNAZ-T/R N52G0A

I~ Route PNA BE torear, panel "RE OUT” N5261A
VOBVNAZ-T/R NE26oA
VO5VNA2-T/R [~ Enable Test Set BF ALC [~ Mixe
VO3VNAZ-T/R . =i
V02 2VNAZ-T/R Max Power Limit: I 11.00 dBm E At Multiplier RF IN
W A —~RF Cable Loss (DO NOT include test set gain)

New (1 )Ml Power Offset: [0.00 5 [-]  Power Slope: [0.113 dB/GHz [

~ Frequency Setti

Start Frequency Stop Frequency Multiplier Source

Multiplier RF IN: 11.1666666667 GHz 18.3333333333 GHz PNA RF Source ..

Multiplier LO IN: 8.3750000000 GHz 13.7500000000 GHz

Test Port Frequency: [ 67.000000000 GHz/Z] | 110.000000000 Gi-{£]

Clicking OK will preset

Ch1: Start 10.0000 MHz — Stop 50.0000 GHz

CH1:. s11 Ho Cor LCL

300 Digital Drive Morgan Hill, CA USA 95037 Tel: 408-779-2698 Fax: 408-778-0491 www.omlinc.com

Application Note No. 44101019 Rev4 6 Printed in U&
Release Date: 08016



| F Bandwidth Selection
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tuning requirements, selecting IF Bandwidth of 100 Hz will provide both reasonable accuracy
and faster display update®ML recanmends using maximum IF Bandwidth setting of 100 Hz.

File Trace/Chan

Response MarkerfAnalysis Stimulus

Utility Help

50.00

40.00

30.00

20.00

Measure > [
Format 4
Scale »
Display »

Cal >

Restart Average
Average...

Smaothing...
Group Delay Aperture...

IF Bandwidth...

Scale...
Cal Wizard...

10.00
0.00
-10.00
-20.00
-30.00

-40.00

-50.00

>Ch1: Start 67.0000 GHz —

IF Bandwidth

foor

[+ Reduce IF BYY at Low Frequencies

OK ‘

Cancel ‘ Help ‘

Stop 110.000 GHz

Cont.

CH1:. s Ho Cor

LCL
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L oad Calibration Kit Information (Step 1)

Prepare for calibration by importivgaveguidecalibration kit information fromOM& s U S B
Memory Stick In the Response menuaitiate the import byselecingt he Cal [/ Mor e |/
keystrokes.

File Trace/Chan | Response MarkerfAnalysis Stimulus Utility Help
Measure B

50.00 Format
Scale

40.00 Display
Avg

30.00 Start Cal

Correction onfOFF

Scale...
20.00 Cal Wizard... Power Cal
Manage Cals

10.00

0.00 Port Extension ...

-10.00 — Fixtures ’

ECal > ol
System Z0...

-20.00
-30.00

-40.00

-50.00
>Ch1: Start 67.0000 GHz — Stop 110.000 GHz

Comt.  CH1: S11 Ho Cor LCL
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O|\/| Llnc.

Load Calibration Kit Information (Step 2)

In the popup window, glectdmport Kitband themavigate taXperothe desiredCalKit file. 6

The following screen captures give an example of this sequence.

Edit PNA Cal Kits =1E]]

Open... | Save As... | Restore Defaults

Installed Kits |

ImportKit 2| x|

Import Kit...

Kit Name Loakin: |2 factory | +&EcrEy
85032F (% My Recent Documents =l
85032B/E L@rDaakmp £ = 85059A Da
85054B ‘? mv guwmf"'ﬁ t EBSOSQA Da
850540 v LnmaLer )
b0n6E/E 1 7 Flopay (%) t @BSOSQAP P.
e SYSTEM (C) t S Example Ki
gggggg () Program Files t = Example Ki
1= Ailent
85052D (53 Netwark Analyzer t @K11644AC|
850330/E 3 PraCalkits «ckt Maury 8771
85052C . 5 factony t B Maury 8771
85056A 24 < DATA (D) B
atabased.ckt P11644A.cl
850660 X q = < RECOVERY (E7) - 3
Maury 87... 2. . emovabls Disk (F) Polynomial.ckt BQ11644A.c
Maury 87.. 2. atabased.ckt TR11644A.cl
85056K 2.4 mm/2.92 1 g Shered Docurerts Polynomial.ckt BU11644A.c
ocuments
85056K01 2.4 mm/2.92 r a Mz Documeants _’l
85058B D... 1.85 mm Prec & My Metwork Places
85058E D... 1.85mm Ecol
Fils name [yt - open |
i Files of type [Proacalki Files (-.ck) | Cancel

-50.00
Ch1: Start 67.0000 GHz — Stop 110.000 GHz

Hold CH1: S11

Edit PNA Cal Kits

Cpen... | Save As... | Restore Defaultsl

Logkin: [ OMLCALKIT (G)

=JOML WR10 Demo CalKit.ckt]

Import Kit... | Save As.. =] smaE-

1D | Kit Name Description WhiFEcen:
22 85059AP ... 1.00 mm (Reduced Accura Documents
23 85038A 7-16 Calibration Kit '
24 85050B APC 7 with sliding load Deskiop
25 85050C APC 7 TRL Calibration Kit
26 85050D APC 7 Calibration Kit
27 85031B APC 7 Calibration Kit My Documents
28 Example .. Example Cal Kit with male
29 Example.. Example Cal Kit with unse> .
30 X11644A  X-band Waveguide SOLT/ [
31 P11644A P-band Waveguide SOLT/ ﬂ!
32 K11644A K-band Waveguide SOLT/ Mmelmw
33 Q11644A Q-band Waveguide SOLT/ Flaces
34 R11644A R-band Waveguide SOLT/
35 U11644A U-band Waveguide SOLT/
36 V11644A V-band Waveguide SOLT/
37 W11644A  W-band Waveguide SOLT/
38 National S.. Cal Kit for Yun at National ¢
WR10 Cal... OML WR10 Universal Waveguide ..

Edit Kit... Delete "

File name: ‘DMLWRW Demao CalKit ckt

Files of type: [PriacaiitFiles ¢~ cky

Cancel |

-50.00
Ch1: Start 67.0000 GHz — Stop 110.000 GHz

Hold CH1: S11 No Cor LCL
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The Calibration Process (Setup Step 1)

As shown in the following sequential screen captusesiecommend using the SmartCal
(Guided)menus to calibrate the millimeter wave system

1. Inthe Response menwunch the Cal Wizard
a. Select SmartCal
b. Select 2Port Cal

File Trace/Chan | Response MarkerfAnalysis Stimulus Utility Help

Measure > [
Format
Scale

Display
Avg
Cal

Scale...

Cal Wizard...

Calibration Wizard: Begin Calibration

(® SmarCal (GUIDED Calibration): Use tMechanical Standards

(* UNGUIDED Calibration (Response, 1-port. 2-porl). Use Mechanical Standards Select calibration preference.

. N MNat sure about preferences?
(" Use Electronic Calibration (ECal) Azsistance is available in the online

Help.

[ Sawve this choice and don't show this page next time.

Next » | Cancel Helg

Tr1 311 Loghd 10.00dB/ 0.00dEB

hOo0

4000

Select Ports for Guided Calibration
2 Port Cal Configuration

[
FRNES

< Back MNext » | Cancel Help

Tr 1 511 Loghd 10.00dE{ 0.00dB
50.00

40.00
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The Calibration Process (Setup Step 2)

Now that we have previously loaded the waveguide calibration kit information, we can continue
the calibration setup process by spgaif) the DUT Connectors for Port 1 and Port 2. As shown
in the following screen capture, select the appropriate waveguide interface from thevoull
menus (the Cal Kits field will automatically populate with the corresponding values).

Guided Calibration: Select DUT Connectors and X|

DUT Connectors Cal Kits

Cal Method: 2-Por, Defined Thru, TRL
Part1 |[wR10 waveguide > || |[wrio caki

I
Port2 |[wR10Waveguide | || |[wR10 CalKit |

Type N (75 fernale
Type F (75) male
Type F (75) female
. APC 35 male

[ Madify Cal: Cl4PC 35 female
AFCEZ4male
APC 2 4temale
2.92 mmmale

292 mm fernale < Back | Mext » Cancel Help
1.85 mm female
1.85 mm male

LI 1 .00 rmim male
50.00

S

40.00

Type A (50) male
Type A (50) fernale
TypebB

2000 #rhand waveguide
P-band wawveguide
K-band waveguide
C-band waveguide
Frband wawveguide
.00 U-band waveguide

10.00

“-hand waveguide
W-band waveguide

-40.00

-B0.00

Ch1: Start 67.0000 GHz Stop 110,000 GHz

Comt.  CH1: S11 Ho Cor LCL
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The Calibration Process (Setup Step 3)

Check the Modify Cabox to specify thedesired2-port calibration types onepath two-port.
Next, use the Calibration Type pgllo wn menu t o change the defaul't
2 < =Finally, @lick on OKto begin the guided calibration process.

Guided Calibration: Select DUT Connectors and Cal X|
DUT Connectors Cal Kits

Cal Method: 2-Fort. Defined Thru, TRL
FPort1 ||"WHR10 Waveguide - I R0 Calkit

Fort 2 ||WR10 Waveguide - I WRT0 Calkit - I

[v Maodify Cal: Change Cal Method, standards

Cancel Help

Tr1 =511 Logh 10.00dE/ 0.00dE
50.00

40.00

Viewl Modify Properties of Cal for Ports 1 and 2

— Select 2-Fort calibration type —Adwvanced
Flush Thru - Calibration type TRL b | Wiewitodify |
TEL
SOLT
QS0LT 2 <=1
SelectviewMModi non T1 <=2 easured.
i ErhResp 1 <=2 :

TransResp 2 <=1
TransPesp 1¢=2
0K I Cancel
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Guided Calibration Step 1. ¥4 Wave Offset Short

As prompted, connect the calibration standard and click Next. As shown in the following screen
capture with connection overlay, the PNA will theutomatically sweep the specified calibration
standard.

e X|

it T 1| 1/4 WAVE OFFSET SHORT

Slow swaep

.measunng calibration standard

Select [Measure] when connections have been made

< Back Next > Cancel Help

Tr 2 S11LogM 10.00dB; 0.00dB

Single S11 No Cor o LCL
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Guided Calibration Step 2: FlushOffset Short

As prompted, connect the calibration standard and click Next. As shown in the following screen
capture with connectiooverlay, the PNA will then automatically sweep the specified calibration
standard.

e x|

it PORT 1| FLUSH SHORT

Slow swaep

.measunng calibration standard

Select [Measure] when connections have been made

< Back Next > Cancel Help |

Tr 2 S11 LogM 10.00dE/ 0.00dB

Single S No Cor LCL
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Guided Calibration Step 3: Fixed Load

As prompted, connect the calibration standard and click Next. As shown in the following screen
capture with connection overlay, the PNA will then automatically sweep the specified calibration
standard.

Sweeping. X

PORT 1| FIXED LOAD

Slow sweep

..measunng calibration standard

Select [Measure] when connections have been made

¢ Back Mot » Cancel Help

Tr 2 2111 oghd 100048/ 00048

Single S11 No Cor |
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Guided Calibration Step 4: Y2 Wave Offset.oad

As prompted, connect the calibration standard and click Next. Asnsimathe following screen
capture with connection overlay, the PNA will then automatically sweep the specified calibration
standard.

Port 1 a

Reference Plane
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