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Overview

Chapter 1 - Overview

Welcome

Thank you for purchasing the Picotest Non-Invasive Stability Measurement (‘NISM’)

software product.

Summary of Benefits:

Measure the stability margin of all types of control loops

Ability to determine stability margin of regulators, switchers, POLs, and opamps,
even if the control loop is not accessible or exposed outside of the device.

Ability to find the phase margin of regulators and switchers that have multiple loops;
even if one or more of those loops are internal to the device.

Ability to derive the phase or stability margin from output impedance measurements

Easily perform the Non-Invasive Stability Measurement on the Keysight E5061B,
E5071C ENAs, or the Rohde & Schwarz ZNL/ZNLE VNAs.
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What'’s Included

Your Picotest Non-Invasive Stability Margin software is available in one of the
following configurations:

¢ Option 1 —Software only -Non-invasive Stability Margin software

¢ Option 2 —Option 1 Non-Invasive Stability Measurement Software with one Picotest
1-Port PDN Probe and one DC blocker. Probe accessory kit included.

¢ Option 3 —=Option 2 Non-Invasive Stability Measurement Software with one Picotest
1-Port PDN Probe, one 2-Port PDN Probe, and one DC blocker. Probe accessory
kit included.

Specific NISM software versions are available for the Keysight E5061B and the E5071C and
the R&S ZNL and ZNLE instruments.

Documentation and Support

This documentation details the use of the Non-Invasive Stability Measurement software.
Details on the use of the Picotest 1-Port or 2-Port PDN probes are available at
https://www.picotest.com/products PDN Probe.html.

The support section of Picotest’s web site, https://www.picotest.com/support.html,
contains additional documentation and various publications on testing power supplies,
regulators, and other equipment using Picotest products.



https://www.picotest.com/products_pdn_probe.html
https://www.picotest.com/support.html
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Chapter 2 -Measuring Non-Invasive Stability
(Phase) Margin

Introduction

The Non-Invasive Stability Margin Measurement is performed by a licensed software
program that uses proprietary mathematical conversion algorithms, based on minor loop
gain. The conversion transforms impedance, normally output impedance, and the associated
group delay waveform into phase margin.

Keysight E5061B Notes

For the E5061B, a ‘nism’ file folder is provided with several files (VBA, EXE, STA, etc.).
The measurement macro used by the instrument is called NISM.VBA.

NISM.VBA-Works with the 2-port shunt thru measurement using the low frequency T/R
Gain-Phase analyzer and both the 1-port (S11 reflection) and 2-port (S21 shunt thru)
measurements using the high frequency channel (Port 1 and Port 2).

Please note that the low frequency T/R channel does not requite a common mode coaxial
transformer, since these inputs are semi-floating in the E5061B. A common mode coaxial
transformer is required when using the high frequency channels of the E5061B. The Picotest
J2102B is made for this purpose.
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Keysight E5071C Notes
For the E5071C, one macro is provided since the same macro works with 1 or 2 port
impedance measurements.

The file is called E5071CNISM.VBA.

E5071CNISM.VBA- Works with both the 1-port (S11 reflection) and 2-port (S21 shunt

thru) measurements using any combination of the high frequency channels (Ports 1-Port 4).

A common mode coaxial transformer may be required when using the E5071C (in order to
attenuates the effects of low frequency ground loops when making 2-Port shunt thru
impedance measurements). The Picotest J2102B (www.picotest.com/products J2102B.html)
is made for this purpose.

R&S ZNL Notes

For the R&S VNAs, there is a software installer which installs a ‘nism’ file folder on the
instrument with several files. Currently the ZNL and the ZNLE support NISM.


http://www.picotest.com/products_J2102B.html
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Installing and Running the Software - Keysight

For the Keysight E5061B/E5071C
To install and run the NISM software:

1. Install and run the VBA macro files by first copying the ‘nism’ folder to the analyzet’s
D:/ drive. You must copy the entire folder.

You may have to unzip the nism folder if the software was shipped via email in a zip file.
In some cases, due to email system constraints, the zip file may need to be renamed from
nism.txt to nism.zip, before being unzipped.

2. Press [Macro Setup], (Load Project), and load the macro NISM.VBA. Press [Macro Run]

to run the macro.
Making Non-Invasive Stability Measurements - Keysight

Instructions on running the software are shown below.

PLEASE NOTE: This measurement is limited to phase margins of approximately 71

degrees OR LESS. Above this value, there are no imaginary roots in the output impedance
data and, therefore, there will not be a peak in the effective (Q waveform. Therefore, in these
cases, the software will only say that the margin exceeds 71 degrees. In some cases, you may
only be able to measure phase margins of less than 65 degrees depending on the
accuracy/noise of the measurement and the group delay waveform conversion.

To measure the stability (phase) margin of your circuit using a T/R measurement
(gain/phase ports, E5061B only):

1. Load the Macro, NISM.VBA as instructed above. Please refer to the E5061B’s user
manual for instructions on loading and running the macro.

2. Click the [Macro Run] hardkey. The instrument is now in the macro state.
3. Select ToverR from the mode menu
4. Perform a THRU calibration.

Optional: Load a setup file if available. Several example setup files can be found at
https://www.picotest.com/supporthtml in the Setup Files tab.



https://www.picotest.com/support.html
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It is important to make sure that the instrument be in the correct configuration,
otherwise, the macro may not be able to process and display the impedance data and
computed margins propetly.

5. Acquire the magnitude of the output impedance IN LOG FORMAT using the T/R
ports in trace 1. This data would normally be taken at the output of your regulator,
switcher, POL, opamp, filter, etc. Make sure the trace is the LOG MAGNITUDE. You
can display the phase of the output impedance in trace two if you want, but the macro
you will run in the next step will acquire it if you don’t.

You can use any measurement configuration (1 port reflection, 2-port shunt, etc. as long
as the measurement is suitable for the impedance level you are measuring). MAKE SURE
to keep the measurement acquiring data (probe on the test point or cable connected to
the DUT) WHILE you run the macro. That way the macro can acquire the phase data.

E5061B Network Analyzer

fTrace 2Response 3 5tmulus 4 Mkr/fAr

sis 5 Instr State
R Log Mag 10.00 dB/ Ref 0.000 dB

Resize

40.00
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Held
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Disp Channels
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Internal

Trigger Event
On Sweep

Trigger Scope
~10.00 All Channel

Restart

Trigger
E—————-
Ext Trig Input
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Trigger Delay

0s
e

Extt Trig Output
OFF

T

[1 'start 100 Hz IFBW 70 Hz Stop 30 MHz [EEE|

T1MQ20dB| R50Q0dB 2015-04-16 12:56

Figure 1: Step 4. Acquire the log magnitude of the output impedance using the T/R
ports in trace 1.
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6. Click Calculate Q in the Command Menu window. The macro will process the
impedance data. After the macro runs, a second waveform will be displayed in trace 2; the
Effective Q, which is related to the group delay/phase of the output impedance as shown
in the next figure.

E5061B Network Analyzer

ce 2Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize

R Log Mag 10.00 dB/ Ref -10.00 dB m

1 100.00000 krz -29.787 dB
>2 100.00000 kHz -29.787 dB calculate Q

Calculate PM

Instructions

Edit MNotes

Auto Scale

R Real 1.000 u/ ref 3.000 u

Save to File

1 100.00000 kHz
2 100..00000 kHz

Find Marker 1 Peak

Find Marker 2 Peak

Button 9

|
Y 'I‘I‘II|||I||I\ \ " " /
' W A B Button 10

IFBWW 70 Hz

NISM Command Men: l

1 | output Impedance
> )
“ Calculate PM

| effective q

Calculate Q Instructions

l\ r 1 at the output Impedance peak (On Trace 1) Marker 1Peak Finder | Marker 2 Peak Finder AutoScale
r 2 at the eff q P nearest the output
equency (On

. Once the mar s are placed, click Calculate PM

Edit Notes Save to File

TIMQ20dB R50Q0dB 2015-04-16 13:02

Figure 2: Step 5. After the macro runs, the impedance conversion process will occur
and display the Effective Q trace.

7. Position marker 1 on trace one (output impedance) at the impedance peak. Position
marker 2 on trace two (Effective Q waveform) on the peak nearest in frequency to the

impedance peak.

The Marker Peak Finder buttons (Marker 1 Peak Finder/Marker 2 Peak Finder) on the
NISM command menu assists in finding a local maximum once you place the marker
near the impedance peak. It is useful to first move the marker near the peak.
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E5061B Network Analyzer

h/Trace 2 Response 3 Stimulus 4 Mkr) sis 5 Instr State Resize

Trl T/R Log Mag 10.00 dE/ Ref -10.00 dB m
4 )

1 16.528525 kHz -11.669 dB
»>2 16.528325 kHz -11.669 dB

Calculate Q

Calculate PM

Instructions

Edit MNotes

Auto Scale

rReal 1.000 U/ ref 3.000 U
Save to File

Find Marker 1 Peak

Find Marker 2 Peak

Button @

____________ Button 10

IFBVY 70 Hz

1 | output Impedance
2 | effective qQ

alculate Q Calculate PM Instructions

INSTRUCTION

1. Place Mal 1 at the output 2 e Peak (On Trace 1) Marker 1Peak Finder

2. Place marker 2 at the Effectiv Pe nearest the output
impedance peak freque

. once the m s are

Marker 2 Peak Finder AutoScale

Edit Notes Save to File

TIMQ20dB| R50Q0dB 2015-04-16 13:04

Figure 3: Step 6. Position marker 1 on trace 1 and marker 2 on trace 2 as detailed in
the instructions at the bottom of the screen.

8. Click the “Calculate PM” button in the User menu. The phase margin will be displayed at
the bottom of the instruction window. You may move the markers and click the Calculate
button repeatedly to update the Phase Margin computation.
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E5061B Network Analyzer

h/Trace 2 Response 3 Stimulus 4 Mkr) sis 5 Instr State Resize

Trl T/R Log Mag 10.00 dE/ Ref -10.00 dB m
4 )

1 16.528525 kAz -11.669 db
»2 16.528525 kHz -11.669 dB Calculate Q

Calculate PM

Instructions

Edit MNotes

Auto Scale

rReal 1.000 U/ ref 3.000 U
Save to File

Find Marker 1 Peak

Find Marker 2 Peak

Button @

____________ Button 10

[1 start 100 Hz IFBVY 70 Hz

H301 100Hz - 30MHzZ T/R NISM Command Meni [ J

Phase Margin: 22.34

Z Frequency: 16528.53
Q Frequency: 16528.53
effective-q: 2.41 Marker 1Peak Finder

alculate Q Calculate PM Instructions

Marker 2 Peak Finder AutoScale

/16/2015 1:05:14 PM

Edit Notes Save to File

TIMQ20dB| R50Q0dB 2015-04-16 13:05

Figure 4: Step 7. After positioning the markers, click the “Calculate PM” button. The
phase margin will be displayed at the bottom of the instruction window.

Note: if you change or re-measure the output impedance, you will need to click the ‘Calculate Q'

button to re-measure the impedance and re-compute the Effective Q waveform.
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To Measure Stability (Phase) Margin of your circuit using Port 1/Port 2 High Frequency
Ports (for 1-port or 2-port) measurements:

1. Load the Macro. For the E5061B, use NISM.VBA. For the E5071C, use E5071C
NISM.VBA.

2. Click the [Macro Run] hardkey.
3. Perform an OPEN/SHORT/THRU calibration.

4. Select Port 1 - Port 2 from the mode menu

o

Adjust the scopes settings as required for your particular measurement.

6. Acquire the output impedance in LOG MAGNITUDE format (S11) in trace 1. Next,
open another trace and set trace 2 to also be in LOG MAGNITUDE format (S11). For a
more detailed example of how to appropriately setup the instrument for a NISM 1Port-
2Port measurement, see Example 2 in Chapter 3 below.

50618 Network Analyze
1 Active Ch/Trace 2 Res

ES061B Menu
910 kHz -9.5973 dB ,—
589 kHz -10.182 dB =
] Measurement

Impedance

Scale

Display

ort 1 Ref1) 90.00 */ rRef 0.000 °
- Average

Calibration |
e

Stimulus |

Sweep Setup |

Trigger |

|1 Start 100 Hz IFBWY 100 Hz Stop 10 MHz |[eaeatl [oed| Marker !

NISM Command Meni

Marker Search |

Caleulate Calculate FM Instructions

Marker Function |

AutoScale

Marker 1Peak Finder | Marker 2 Peak Finder

Save to File

Edit Notes

TIMQ20dB/R 1M Q 20 dB i 2017-06-28 14:50

Figure 5: Step 4. Make sure that trace 1is in log magnitude S11 Format.
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7. Click Calculate Q in the Command Menu. After the macro runs, phase of the output
impedance waveform will be replaced by a new waveform; the Effective Q, which is
related to the Group Delay of the output impedance. As the macro runs, make sure your

test probe is on the test point and the output impedance data that is being collected is
valid.

50618 Network Analyz:

3 Stimulus 4 Mkr/Anal 5 Instr State

20.00 de [F1] System

29.255616 MHz
30. 000000 MHz

Printer Setup...

Invert Image
OM

Dump
Screen Image...

Misc Setup |

Backlight
ON

S-Param Port Cou plelz
DC

Overload |
Recovery
—_—e——————
Firmware
Revision
-

Service Menu |

IFBW 100 Hz

NISM Command Meny 2
1 | output Impedance —_—
2 ective
2 | effective q Calculate Q Calculate PM Instructions
Return

INSTRUCTION -
. Place Ma r a {On Trace 1) Marker 1Peak Finder | Marker 2 Peak Finder | AutoScale
. Place ma 2 fective Pe nearest the output :
impedanc q )
3. once the r d, cli alculate PM

Edit Notes Save to File

TIMQ20dB R1MO 20 dB ; 2017-06-28 14:56

Figure 6: Step 5. After the macro runs, the impedance conversion process will begin
and the phase trace will be replaced with the Effective Q waveform.
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8. Position marker 1 on trace 1 (output impedance magnitude) at the impedance peak.
Position marker 2 on trace two (Effective Q) on the peak nearest in frequency to the
impedance peak. The Marker Peak Finder buttons on the NISM command menu assist in
finding the local maxima once you place the marker near the impedance peak.

E50618 Network Analyze
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize

Trl z(Port 1 Refl) Z Log Mag 10.00 de/ rRef 20.00 de [F1] System

Printer Setup...

Invert Image
ON

Dump
Screen Image...

Misc Setup |

Backlight
ON

S-Param Port Cou plt?
DC

Overload
Recovery

Firmware
Revision

Service Menu |

IFBW 100 Hz

Help
1 | output Impedance —_———
2 aCTive
2 | effective q Caleulate Calculate FM Instructions
Return

INSTRUCTION
1. Place Marker 1 at the output Impe e Peak (On Trace 1) Marker 1Peak Finder
2 he Effective Pe nearest the output

impedanc r (on Tra X
. once the s ar d, cli culate PM R

Marker 2 Peak Finder AutoScale

Save to File

TIMQ20dB/R 1M Q 20 dB i 2017-06-28 14:58

Figure 7: Step 6. Position marker one on trace 1 and marker 2 on trace 2 as detailed in
the instructions at the bottom of the screen.
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9. Click the “Calculate PM” button. The phase margin will be displayed at the bottom of the
instruction window. You may move the markers and click the Calculate PM button
repeatedly in order to update the Phase Margin computation.

ES0618 Network Analyze
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize
Z(port 1 Refl) Z Log Mag 10.00 de/ ref 20.00 dB [F1]

Print

Printer Setup...

Invert Image
ON

Dump
Screen Image...

Misc Setup |

Backlight

|O
=

S-Param Port Cou pl.c-T
DC

Overload
Recovery

Firmware
Revision

A Service Menu |

[1 start 100 kHz IFBW 100 Hz Stop 30 MHz A G|

P Help

Calculate Caloulate PM Instructions
o Return

Marker 1Peak Finder | Marker 2 Peak Finder AutoScale

Edit Notes Save to File Mode Exit

Figure 8: Step 7. After positioning the markers, click the “Calculate PM” button. The
phase margin will be displayed at the bottom of the instruction window.

Note: if you change or re-measure the output impedance, you will need to click the Calculate Q
button to gather the waveform data and re-compute the Effective Q waveform.
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Saving Data

Once you have calculated and displayed the phase margin, you can save the information by
clicking the Save to File button on the Command Menu. Save to File will prompt you to
enter measurement notes if you have not already, then it will save all the files to the location
of your choosing with the measurement notes as the prefix for the file name.

Annotating Your Measurement
You can save a note detailing your measurement along with the data.

To set a note for the measurement:

1. Click the Edit Note button on the Command Menu.
2. Enter your notes and click OK.

To set the location where data will be saved:
1. Click Save to File. A file browser will pop (if it doesn’t, it may be hidden behind the

network analyzer window).
2. Navigate to the desired location and click OK.

Note: The Save dialog may be hidden behind the Network Analyzet’s main window.
You will have to move the Save dialog to the foreground.

Several files will be saved to disk. They will have a filename made up of your Measurement

Note plus the name of the waveform. The data is saved in CSV file format; the images are
saved in PNG format.

Installing and Running the Software — Rohde & Schwarz

For the Rohde & Schwarz ZNL/ZNLE
To install and run the NISM software:

1. Copy the “Picotest Non-Invasive Stability Measurement for R&S ZNL(E) xxx.msi” file to
the instrument

2. Run the Picotest Non-Invasive Stability Measurement for R&S ZNL(E) xxx.mst installer.
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ﬁ Picotest Mon-Invasive Stability Measurernent for R&5 ZML(E).. — >

THIS NOMN-INVASIVE STABILITY MEASUREMENT
{"HISM"}) SOFTWARE LICEMSE AGREEMENT
("AGREEMENT") IS A LEGAL DOCUMENT BETWEEN
YOU (OR "CUSTOMER™) AND 5M SANDLER
HOLDINGE, LLC ("PICOTEST™). FLEASE READ
THIS AGREEMENT CAREFULLY BEFCORE INSTALLING

YOUR NISM SOFTWARE (THE "NISM SOFTWRARE") .

THE NISM SOFTWARE IS THE PROFERTY OF &M
SANDLEE HOLDINGS, LLC AND IS PROTECTED EY
COFYRIGHT . BY YOUR USE, INSTALLATION,
TEAHNSFER OR TRANSMISSION OF THE NISM
SOFTWARE, YOU (AS AN INDIVIDUAL OR AS AN

1S3102Id

3. When installation is complete, select Finish.

ﬁ Picotest Mon-Invasive Stability Measurement for R&S ZML(E)... — et
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4. 'To run the software, select Non-Invasive Stability Measurement.

Making Non-Invasive Stability Measurements - Rohde &
Schwarz

Instructions on running the software are shown below.

PLEASE NOTE: This measurement is limited to phase margins of approximately 71
degrees OR LESS. Above this value, there are no imaginary roots in the output impedance
data and, therefore, there will not be a peak in the effective Q waveform. Therefore, in these
cases, the software will only say that the margin exceeds 71 degrees. In some cases, you may
only be able to measure phase margins of less than 65 degrees depending on the
accuracy/noise of the measurement and the group delay waveform conversion.

To measure the stability (phase) margin of your circuit using an impedance
measurement:

1. Run the Non-Invasive Stability Measurement program.
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Z[PDN] ENIESYAN Log Mag Min 10 mQ/Max 10 O 1w~
ZMax 3.676037 GHz 1.571 mQ

AX/HENE B

Chl Start 5kHz Pwr -10dBm Bw 10kHz Stop 6GHz
Q[Tg] E<¥AM) Log Mag Min 10 mU/Max 10 U 2w
~QffgiMax 5000000 kHz 119208 nl}

A
R
(2]

Data->Mem
Calculate Q

Calc Phase Margin

6:31 PM

N ) 9/24/2018

Figure 9: Initialized state of the instrument after running the NISM software. Not
the NISM dialog to the right.

There are three functions/buttons in the NISM dialog:
Data -> Mem — Saves Trace 1

Calculate Q — Computes the Q(Tg) response based on the Group Delay function. It is
the Q of the impedance waveform

Calc Phase Margin — Takes data from the Trace 1 impedance waveform and Trace 2
Q(Tg) waveform and displays the phase margin)

B NISM P

Data-=Mem
Calculate Q

Calc Phase Margin
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2. Measure the impedance of the control loop (or other loop) whose phase margin you
would like to test.

Z[PDN] BIESYAN log Mag Min 10 mQ/Max 10 O Bw Avg Power

ax 8.753000
ZMax 8.753000 kHz 74. Bandwidth

1 KHz Power

Band-
width

10 Hz
100 Hz Average

1kHz

10 kHz

Gh Start 5kHz Pwr 0dBm Bw 1kHz Stop 100 MH; || 100KHz

Q[Tg] E<¥AM) Log Mag Min 10 mU/Max 10 U 2w
Selectivity
+QfTgiMax—5. kHz—119:209 7| | Normal

|
(=)
-
e,
= -
5|
Q
(1]
)
Ly

Data-=Mem
Calculate Q

Calc Phase Margin

- Sweeping... Ch1: Ava 1 El g9 5 24082018

Figure 10: Impedance is measured as trace 1. Click Calculate Q. N
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3. Click the Calculate QQ button.

Z[PDN] SLVVIR YAl Llog Mag  Mem[Z[PDN]] Log Mag 1w

16.150000 kHz 221.237 ¢ i

Params
Ratios
Wave
Z&Sij

Y<-Sij

AS5HEDE B

Ghi Start 5 kHz Pwr 0dBm Bw 1kHz Stop 100 MHz ¥z

Params

Q[Tg] LAl Log Mag Min 10 mU/Max 10 U 2w Balanced Ports

*QTgiMax 0-lcHz 40,486 mU g g Stability

€3 NISM

ﬁ
&y
ko
(2}

Data->Mem
Calculate Q

Calc Phase Margin

N . . Avg E o, 24092018
Sweeping... Chl: 99% 150008

Figure 11: The Q(Tg) waveform is created in trace 2 from the impedance waveform
in trace 1.
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4. Position the cursor on Trace 1 at the impedance peak. Position the cursor on Trace 2 at

the Q(Tg) peak nearest the impedance peak.

This is normally the bandwidth of the control loop or power circuit you are trying to measure.

Other (higher frequency) resonances may be passive or active.

Z[PDN] SLVVIR YAl Llog Mag  Mem[Z[PDN]] Log Mag 1w
16.150000 kHz 225689 m

AfIMroE B

Chl Sfart 5kHz Pwr 0dBm Bw 1kHz Stop 100 MHz
Q[Tg] WYPAN Log Mdg Min 10 mU/Max 10 U 2w
*QfTgiMax-15.651000kHz— 1316 U

=
&y
ko
(2}

Figure 12: Place the cursors are the waveform peaks.

5-
Params

Ratios
Wave
Z&Sij

Y<-Sij

Yz
e Params
Balanced Ports
g g Stability
©3 NISM

Data->Mem
Calculate Q

Calc Phase Margin

6:43 PM
9/24/2018

D)}
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5. Click the Calc Phase Margin button.

Z[PDN] SLVVIR YAl Llog Mag  Mem[Z[PDN]] Log Mag 1w

16.150000 kHz 225651 m 5

Params
Ratios
Wave
Z&Sij

Y<-Sij

AS5HEDE B

Ghi Start 5 kHz 0dBm Bw 1kHz Stop 100 MHz ¥z
e Params
Q[Tg] LAl Log Mag Min 10 mU/Max 10 U 2w Balanced Ports

*Q[TgjMax 15.651000 kkz 1.316 U g g Stability

€3 NISM

=
&y
ko
(2}

Data->Mem
Calculate Q
Calc Phase Margin

Phase Margin

36.73°

6:43 PM
9/24/2018

T dn)
Figure 13: After clicking the Calc Phase Margin button the Phase Margin is
displayed in the dialog.
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You can measure the loop in the off state to see if the resonance is impacted by power-on
state. This is a useful pairing of impedance measurements since it will tell you whether the
resonance is passive or part of the active control loop. You can then choose to change the
circuit design accordingly to address either resonance.

In the figure below, since the high frequency resonances are always present, they are passive
and not part of the active control loop resonance at lower frequency.

ELVVIRYAl Log Mag  Mem[Z[PDN]] Log Mag 1v

16.150000 kHz 115822 ¢ 5

Params
Ratios
Wave
Z2¢-5ij
Y<-Sij

oL
Chl Start 5kHz Pwr 0dBm Bw 1kHz Stop 100 MHz

AS5HEDE B

Y-Z-

Params

Q[Tg] B¥A}] Log Mag Min 10 mU/Max 10 U 2w Balanced Ports

* QTgjMax—15.651000kHz 1.316 U (3 g Stability

Q[T%Max | [ © NISM

=
(3%
L)
(2]

Data->Mem
Calculate Q
Calc Phase Margin

Phase Margin

36.73°

~ Sweeping... Chl: ;::—:E E 99 % 241394140;221
Figure 14: The powered on state (blue) is shown against the power-off state (yellow,
impedance measured in the off-state). The powered-on trace was saved to memory

using the Data -> Mem button in order to do the comparison.
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Chapter 3 - Examples

This chapter provides several example Non-invasive stability measurements using the
Picotest VRTS3 demonstration board.

Example 1— T Over R Measurement

In this example for the E5061B, we will assess the stability of a low-drop out linear regulator
using only the LDO’s output impedance. Referring to the VRTS3 manual

(https:/ /www.picotest.com/downloads/VRTS03/VRTS3-User-Guide.pdf) we will measure
test point H301 on the Picotest VSRT3 Demo board. The test setup can be found in this
document, https://www.picotest.com/articles/Agilent-App-Notes/Non-Invasive
Assessment of Voltage Regulator Phase Margin.pdf. A setup diagram is shown below.



https://www.picotest.com/downloads/VRTS03/VRTS3-User-Guide.pdf
https://www.picotest.com/articles/Agilent-App-Notes/Non-Invasive%20Assessment%20of%20Voltage%20Regulator%20Phase%20Margin.pdf
https://www.picotest.com/articles/Agilent-App-Notes/Non-Invasive%20Assessment%20of%20Voltage%20Regulator%20Phase%20Margin.pdf
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Network Analyzer

Input Regulator or Switcher

Power ||, Out
DUT . Cun"rent
Monitor Signal
Filter & Load
Analyzer Modulation (Oscillator) | Modulated Injector
. Current Output

(Simple Voltage Connection)

High PSRR Power J211A-Solid State
Adapter Current Injector

Figure 15: The impedance test setup. Connections to the injector can be made with
BNC cables. The connections from the E5061B to the VRTS3 board can be made
with simple voltage probes.

The test setup to measure impedance of regulators uses the J2111A Current Injector,
https://www.picotest.com/products J2111A.html. An Injector user manual can be found
here, https://www.picotest.com/downloads/INJECTORS /Injector-Manual-1.3.pdf.

We are going to use the T/R (GP) ports to measutre the LDO impedance. The circuit and
board image are shown below. Once you have your hardware set up correctly, you can begin
adjusting the instruments measurement settings. Follow the step-by-step instructions below.


https://www.picotest.com/products_J2111A.html
https://www.picotest.com/downloads/INJECTORS/Injector-Manual-1.3.pdf
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VRTS3 LDO circuit and H301 test point.

Instrument Setup: from the instrument’s main menu,
1. Click Measurement S11

Click Measurement Port [S-Parameter]
1. Click Gain-Phase
ii. Click Return

b. Click Gain-Phase Setup

1. Click R Input Z
1. Click 500hms

it. Click R Attenuator
1. Click 0 dB
c. Click Return

2. Click Average
Click IF Bandwidth
i. Change IF Bandwidth to 70Hz

ii. Click Return

a.

a.

3. Click Stimulus

a. Click Start
1. Change Start to 100Hz

i. Click Return
4. Click Sweep Setup

a. Click Sweep Type
1. Click Log Freq

The instrument should now be set up correctly.

Next, we’ll measure stability (Phase) margin of the circuit.
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1. Load and run the macro, NISM.VBA.
2. Probe the board at H301 and measure the impedance magnitude in trace 1.

3. Click the [Macro Run] hardkey.

4. Make sure to keep the measurement active (probed) while you run the macro. That way
the macro can acquire the phase data.

E5061B Network Analyzer
1Active Ch/fTrace 2 Response 3 5timulus 4 MkrfAnalysis 5 Instr State Resize

R Log Mag 10.00 dB/ Ref 0.000 dB

. Hold

Continuous

Held
All Channels

Continuous
Disp Channels

Trigger Source

|
Internal

Trigger Event
On Sweep

Trigger Scope
All Channel

Restart

Ext Trig Input
Negative Edge

Trigger Delay

0s
e

Extt Trig Output
OFF

T

[1 'start 100 Hz IFBW 70 Hz Stop 30 MHz [EEE|

T1MQ20dB| R50Q0dB 2015-04-16 12:56

Figure 16: Step 4. Acquire the magnitude of the output impedance using the T/R
ports in trace 1.
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5. Click the Calculate Q button in the Command Menu. The macro will process the
impedance data. After the macro runs, a second waveform will be displayed in trace 2; the
Effective Q, which is related to the Group Delay of the output impedance, as shown

below.

E5061B Network Analyzer

hfTrace 2Response 3Stmulus 4 MkrfAnalysis 5 Instr State

Resize

R Log Mag 10.00 de/ ref -10.00 dB

1 100.00000 kHz -29.787 dB
>2 100.00000 kHz -29.787 dB

R Real 1.000 u/ ref 3.000 U

00000, kHz

1 100.
2 00000 kHz

100.
| |
||| ||| I‘Iﬁ II I

'.'\ <.\.||

H‘ If
"‘ 1
UJ i |‘|

[1 start 100 Hz IFBVY 70 Hz

NISM

Calculate Q

Meni

Calculate PM

Calculate Q

Calculate PM

Instructions

Edit MNotes

Auto Scale

Save to File

Find Marker 1 Peak

Find Marker 2 Peak

Marker 1Peak Finder

Marker 2 Peak Finder

Edit Notes

Save to File

Button @
A Button 10
stop 30 MHz IS
Instructions
AutoScale i
Mode Exit
B 0 04-16 0

Figure 17: Step 5. After the macro runs (Calculate Q button), the impedance
conversion process will occur and display the Effective Q trace.
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6. Position marker 1 on trace one (output impedance) near the impedance peak. Position
marker 2 on trace two (Effective Q waveform) on the peak nearest in frequency to the
impedance peak frequency. The Marker Peak Finder buttons on the NISM command

menu assist in finding a local maximum once you place the marker near the impedance
peak.

E5061B Network Analyzer

hfTrace 2Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize

1 16.528525 kHz -11.669 dB

»>2  16.528325 kHz -11.669 dB

Calculate

Calculate PM

Instructions

Edit MNotes

Auto Scale

R Real 1.000 u/ ref 3.000 u

Save to File

Find Marker 1 Peak

Find Marker 2 Peak

Button 9

Button 10

[1 Start 100 Hz IFBVY 70 Hz stop 30 MHz B
NISM Command Men: s
] Calculate Q ] Calculate PM Instructions
Marker 1Peak Finder | Marker 2 Peak Finder AutoScale -

Edit Notes ave to File Mode Exit

Figure 18: Step 6. Position marker 1 on trace 1 and marker 2 on trace 2 as detailed in
the instructions at the bottom of the screen.
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7. Click the “Calculate PM” button in the User menu. The phase margin will be displayed at
the bottom of the instruction window. You may move the markers and click the Calculate
PM button repeatedly to update the Phase Margin computation.

E5061B Network Analyzer

(Trace 2Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize

R Log Mag 10.00 dB/ Ref -10.00 dB m

1 16.528525 kHz -11.669 dB
»2 16.528525 kHz -11.669 dB

Calculate Q

Calculate PM

Instructions

Edit Notes

Auto Scale

f 3.000 U
Save to File

Find Marker 1 Peak

Find Marker 2 Peak

Button @

e Button 10

|1 start 100 Hz IFBVY 70 Hz stop 30 MHz B

H301 100Hz - 30MHZ T/R NISM Command Meni [ J

Phase Margin: 22.34

Z Frequency: 16528.53 | CalaiatzQ
Q Frequency: 16528.53
Effective-g: 2.41 Marker 1 Peak Finder | Marker 2 Peak Finder

Calculate PM Instructions

AutoScale

4/16/2015 1:05:14 PM

Edit Notes Save to File

T1MQ20dB| R50Q0dB 2015-04-16 13:05

Figure 19: Step 7. After positioning the markers, click the “Calculate PM” button.
The phase margin will be displayed at the bottom of the instruction window.

Note: if you change instrument settings or re-measure the output impedance, you will need to
click the Calculate Q button to re-compute the Effective Q waveform.

See the section on Saving Data or the native E5061B print data file dialogs to save your
measurement results.

This concludes Example 1.
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Example 2 — 1Port — 2Port Measurement

In this example, we will use the high frequency Ports 1 & 2 to measure the stability of an
opamp via its output impedance. To do this we will probe theH201 test point on the
Picotest VSRT3 Demo board and use the NISM.VBA macro.

0.1uF S210  GND (202
| 3 5.1pF
v i

| :
2 | Ir
CLC1007
C103
0.33uF o1 GND €203
< 10pF
P 5201
- HHJ B Bl

] A‘1 . — 2
134 5201 13

3000 <(mil)

WWW. picotest. com

Figure 20: Opamp circuit and H201 test point. The H201 test point can be measured
using the Picotest 1 Port PDN probe. The picture above shows the reference being
tested. The H201 test point is just below the reference.
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For more information about the test board required for this example measurement, please
see https://www _.picotest.com/products VRTS03.html. The output impedance of the
opamp can be measured by connecting the Picotest 1-Port PDN probe to Port 1 on the
E50061B.

Once you have your hardware set up correctly, begin adjusting the instruments measurement
settings. Follow the step-by-step instructions below:

From the instrument’s main menu,

1. Click measurement S11
a. + Click impedance analysis menu
i. Click |z|
il. Click Return
b. Click Display
i. Click Num of Ttraces
1. Click 2
2. Click Return
2. Click on Trace two
a. Click measurement S11
1. Click impedance analysis menu
1. Click |z]
2. Click Return
3. Click Average
a. Click IF Bandwidth
1. Change bandwidth to 100Hz
il. Click Return
4. Click Stimulus
a. Click Start
1. Change Start to 100k
b. Click Stop
1. Change Stop to 50M
c. Click Return
5. Click Sweep Setup
a. Click Power
1. Change Power to -20dB
ii. Click Return
b. Click Sweep Type


https://www.picotest.com/products_VRTS03.html
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0.

1. Click Log Freq
c. Click Return
Click Calibration
a. Click Calibrate
i. Click 1Port Cal
1. Click Open (on the VRTS3)
2. Click Short (on the VRTS3)
3. Click Load (on the VRTS3)
4. Click Done
5. Click Return
il. Click Return
b. Click Return

The instrument should now be set up correctly,

Next, you can convert the impedance to Stability (Phase) Margin using NISM.

1.

2.

3.

4.

Load the Macro, NISM.VBA.
Click the [Macro Run] hardkey.
Select Port 1 from the mode menu.

Probe the test point and acquire the output impedance MAGNITUDE data (S11) in
trace 1.

This data would normally be taken at the output of your regulator, switcher, POL, opamp,
filter, etc. You can use any measurement configuration (1 port reflection, 2-port shunt, etc. to
gather the data if the measurement is suitable for the impedance level you are measuring).
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Figure 21: Step 4. Acquire the magnitude of the output impedance in trace 1.
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5. Click Calculate Q. After the macro runs, the output impedance phase waveform will be
replaced by a new waveform; the Effective Q, which is related to the Group Delay of the
output impedance. As the macro runs, make sure your test probe is on the test point and
the output impedance data that is being collected is valid.

1 l 4 Mkr/Analys 5 Instr State

3 Stimulus
Ref 20.00 de [F1] System

29.255616 MHz

30. 000000 MHz Print

Printer Setup...

Invert Image
OM

Dump
Screen Image...

Misc Setup |

Backlight

ON
—_—e——————
S-Param Port Cou plelz
DC
—_———————————

Overload

Recovery :

Firmware
Revision

Service Menu |

IFBW 100 Hz
NISM Command Men =
Trace 1 | output Impedance

B ———
Trace 2 | effective q

Calculate Q Calculate PM Instructions

Return

INSTRUCTION .
1. Place r 1 at the out o ce Peak (On Trace 1)
2 at the Eff k nearest the output

‘| Marker 1Peak Finder \rﬁarker 2 Peak Finder AutoScale
freque “

Save to File

TIMQ20dB R1MO 20 dB ; 2017-06-28 14:56

Figure 22: Step 5. After the macro runs, the impedance conversion process will begin
and the Effective Q waveform will appear in trace 2.

6. Position marker 1 on trace 1 (output impedance magnitude) at the impedance peak.
Position marker 2 on trace two (Effective Q) on the peak nearest in frequency to the
impedance peak. The Marker Peak Finder buttons on the NISM command menu will
assist in finding a local maximum one you place the marker near the impedance peak.
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E50618 Network Analyze
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize
Trl z(Port 1 Refl) Z Log Mag 10.00 de/ rRef 20.00 de [F1] System
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Invert Image
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Screen Image...

Misc Setup |

Backlight
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Recovery

Firmware
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IFBW 100 Hz Stop 30 MHz IETEend Il
# x [ Help

Caleulate
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Return
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impedanc 2 .
. once the mar L ' calculate pPM R SRR

Marker 2 Peak Finder AutoScale
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Figure 23: Step 6. Position marker one on trace 1 and marker 2 on trace 2 as detailed
in the instructions at the bottom of the screen.

7. Click the “Calculate PM” button. The phase margin will be displayed at the bottom of the
instruction window. You may move the markers and click the Calculate button repeatedly
to update the Phase Margin computation.
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E50618 Network Analyze
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Figure 24: Step 7. After positioning the markers, click the “Calculate PM” button.
The phase margin will be displayed at the bottom of the instruction window.

Note: if you change settings or re-measure the output impedance, you will need to click the Initial
Setup button to re-compute the Effective Q waveform.

See the section on Saving Data or the native E5061B print data file dialogs to save your
measurement results.

This concludes Example 2.

Example 3— 1-Port Measurement

In this example for the R&S ZNL, we will assess the stability of a high frequency opamp
using only the opamp’s output impedance. Referring to the VRTS3 manual
(https://www.picotest.com/downloads/VRTS03/VRTS3-User-Guide.pdf) we will measure
S11 at H201 S201 on the Picotest VSRT3 Demo board.



https://www.picotest.com/downloads/VRTS03/VRTS3-User-Guide.pdf

Measuring Stability (Phase) Margin 40

PLANES

Figure 25: Test setup for a 1-port impedance measurement using a Picotest P2100A
1-Port 50 ohm Transmission Line PDN Probe and the Picotest P2130A DC block.

Note: Using a 1-Port 500hm probe and a DC blocker allows measurements greater than
about 100milliOhms.

The steps are as follows:

1.

2.

Connect the 1-port probe and DC block to Port 1

Perform the SOL calibration using the calibrator on the VRTS3 board.

Select Start->Run->Non-Invasive Stability on the ZNL to run the NISM software
Select Z11 and make the measurement

Click Data->Mem in the NISM dialog

Click Calculate Q in the NISM dialog

Place markers on the impedance and Q(Tg) peaks

Click Calc Phase Margin
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Figure 26: VRTS3 Opamp - 1-Port S11 measurement at H201 S201-On-Off shows the

opamp’s phase margin to be 5.2 degrees.

Example 3— 2-Port Shunt-Through Measurement

In this example for the R&S ZNL, we will assess the stability of an LDO using only the
LDO’s output impedance. Referring to the VRTS3 manual
(https://www.picotest.com/downloads/VRTS03/VRTS3-User-Guide.pdf) we will measure
S21 at H301 on the Picotest VSRT3 Demo board.



https://www.picotest.com/downloads/VRTS03/VRTS3-User-Guide.pdf
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Fiure 27: Test setup for a 2-port hﬁﬁ't:tﬁrough impedance measurement using a
Picotest J2102B coaxial transformer ground loop breaker. The SMA cables connect to
the output of the LDO on the VRTS3 board.

The steps are as follows:

1. Connect 2 50 ohm SMA cables to the VIRS3 board and the ZNL. Through Port 2
connect the Picotest ]J2102B group loop breaker.

2. Perform a thru calibration.

3. Select Start->Run->Non-Invasive Stability on the ZNL to run the NISM software
4. Select Z21 and make the measurement

5. Click Data->Mem in the NISM dialog

6. Click Calculate Q in the NISM dialog

7. Place markers on the impedance and Q(Tg) peaks

8. Click Calc Phase Margin
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Figure 28: VRTS3 LDO - Shunt-S21 at H301 S301-On-Off-Off-Off PM 37.78 shows
the LDOs phase margin to be 37.78 degrees. This is slightly different from the
picture above due to different output capacitance settings (the VIRS3 allows the
LDO to be tested using a variety of output capacitors).
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