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Application Note: Advanced Measurements with the TBVNA-6000 Bode Analyzer

This application note explains how to normalize TBVNA-6000 Bode analyzer measurements and how to

implement customized measurements using the equation feature.

The Bode analyzer option enables simultaneous measurement of four input channels using a dedicated
high-power signal source. It provides full-power operation from DC to 200 MHz and measurements up to

500 MHz with reduced source power.

A configurable frequency—power table allows the entire measurement range to be optimized by defining
the output power, resolution bandwidth (RBW), and input-channel attenuation as a function of frequency.
This enables optimum signal levels and dynamic range across the complete operating frequency range.

In the Measurement tab of the main window, click the "Bode Analyzer" radio button to switch to Bode

Measurement mode.

Please note that when switching to Bode mode, the Bode Sweep List window is displayed automatically.
This window remains open and cannot be closed while the instrument is operating in Bode Measurement

mode.

The Bode Sweep List allows the user to configure the frequency sweep by specifying the signal output
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Fig. 2.1: Main Window — Measurement Tab
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Fig 2.2: Bode Sweep List

power, measurement bandwidth (RBW), and input attenuator setting for each frequency range. This
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Application Note: Advanced Measurements with the TBVNA-6000 Bode Analyzer

enables the sweep parameters to be optimized across the entire measurement frequency range. An
unlimited number of sweep ranges can be added, with each range configured independently. This allows
different signal power levels, measurement bandwidths (RBW), and input attenuator settings to be applied
to different segments of the frequency sweep.

In addition to these individual settings, several global parameters apply to the entire sweep, including the
total number of measurement points and the sweep type (linear or logarithmic).

In Bode Mode all four Inputs are enabled for measurement, with some minor restrictions.

e Channel A and B: +/- 0.5V, +/-5V and +/- 20V range with IMOhm input impedance in parallel with
15 pF of input impedance. This will allow to use standard oscilloscope passive probes using
standard frequency compensation.

e Port1and 2 with 50Q, 0 dBm max. or +/- 350 mV, no attenuator switch.

All inputs work well to above 500 MHz without any compression.
The BNC output port can deliver up to 12 Vpp into 50 Q systems and 24 Vpp in high impedance loads. The
full power bandwidth of the output is approximately 200 MHz.

Following pre-defined trace functions are available for diagrams in BODE mode:

Trace Function Short Description

CH1 Level Channel 1

CH2 Level Channel 2

CHA Level Channel A

CHB Level Channel B

CHA/CHB Channel A to Channel B ratio

CHB/CHA Channel B to Channel A ratio

CHA/CH1 Channel A to Channel 1 ratio

CHA/CH2 Channel A to Channel 2 ratio

CH1/CHA Channel 1 to Channel A ratio

CH2/CHA Channel 2 to Channel A ratio

CHB/CH1 Channel B to Channel 1 ratio

CHB/CH2 Channel B to Channel 2 ratio

CH1/CH2 Channel 1 to Channel 2 ratio

CH2/CH1 Channel 2 to Channel 1 ratio

CLA pos B/A Closed loop analysis for positive loop gain
CLA neg B/A Closed loop analysis for negative loop gain
Impedance U/I - Impedance measurement with CH A = voltage and CH B = current

Table 4.1: Trace functions
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The predefined trace functions cover the majority of common measurement tasks. More complex calculations

and custom trace operations can be implemented using the Equation function, providing virtually unlimited
flexibility for data analysis.

Accurate Bode measurements require a normalization procedure to achieve accurate results. Four available
memory slots, Memory 1 — Memory 4, provide the capability to store reference traces. Reference traces are
used to perform normalization and to compensate the frequency response of the measurement setup. One
Memory slot will hold the reference data for all four inputs.

The Level functions (CH1, CH2, CHA, and CHB) do not provide accurate absolute measurements of the
input voltage and should therefore be used only in conjunction with a normalization procedure.

Absolute measurement levels are still reliant on the applied signal power even after normalization.
Consequently, it is not advised to use Levels alone to characterize electrical networks. Instead, normalized
ratio functions should be utilized for precise gain or transfer-function measurements..

Following example shall illustrate this effect

Measurement Setup: A 5m RG-58 cable is connected between the Bode Output and Channel A. No
termination is used. The sweep list is configured as below:

Freq[Hz] 'ower[dBm BWI[Hz] Att A AttB
1 [ o 100 +/-20V v [+/-20V ~
2 100k 0 10k +/-20V ~ | +/-20V ~
3 10M 1] 10k +/-20V ~ | +/-20V ~

Fig. 4.1: Example Sweep list from 100 Hz to 10 MHz

Cable: Output to Port A
100

0 J{“_i—j—i‘
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-30.0
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100 1k 10 k 100 k 1.000 M 10.000 M
Frequency[Hz]

Fig. 4.2: Sweep result

As shown in Figure 4.2, the level measurement of Port A does not produce a flat trace at 0 dBm. Moreover,
it and exhibits a step at approximately 1.5 kHz. These artefacts are caused by internal filter switching
within the TBVNA and do not represent actual changes in the input signal level.

Furthermore, the measured level does not equal 0 dBm because Port A is not terminated with a 50 Q load.

Consequently, the measured voltage differs from the voltage that would be obtained with a matched 50 Q
termination.
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Next, transfer the measurement to memory slot 1. Click on “Copy from Data” on the main windows

“Memory” Tab.

Stimulus Receiver Measurement De-Embed Memory

Memory Slot 1~ Select Memory Slot

Memory Slot Operation

Copy from  Load from Save to C‘ear
[zta File File Slot

— Valid
st i |:| Data present
B 86

Measurement

Fig. 4.3: Copy current sweep to Memory

After completing this operation, the "Valid Data Present" indicator will be enabled, confirming that the
current sweep has been stored in the selected memory slot. Now, the active trace can be normalized using
Memory Slot 1 as the reference. This is configured in the Trace Edit dialog by selecting the appropriate

normalization function.

Display Function Normalize by
Source Trace Function
@ Searom | <CH 1> Voltage Channel 1, for gain phase me ~ | O Magnitude O Hone
<CH 2> Violtage Channel 2, for gain phase me O Phase
o ﬁfﬁ 12 <CH A> Voltage Channel A, for gain phase me g :::”““de nd O srarom
M;mr__ - <CH B> Voltage Channel B, for gain phase me O maginary @ Menory 1
Vemory s | <CH A/ CH B> Channel A to Channel B ratio, o
<CH B/ CH A> Channel 8 to Channel A ratio, T res—
Aperture[%] <CH A / CH 1> Channel A to Channel 1 ratio, 1 - Memory 4
LU AIC8 2 Pt Ao et 3 i ® e
O loaded Edit Limits

[] create Copy before overwrite

[ keep name Variable: VAR A [0 | Variable:VAR B [0 | VarablesvaRC[0 |
[] Average Enable Average Number Clear Avg. [1 xeep Average cCurrentavg: 0

Equation
[ equation

|2

@ Left
O Right

2
Optional Value
50
[ use Correction
Setup Corr.
Create Corr.
Avg. Function
@ Trace Func
O bisplay Func

Add/Modify Cancel

G

Fig. 4.4: Trace Edit Menu, setting trace normalization
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Fig. 4.5: Sweep result after normalization

Now, the trace is flat at 0 dB , meaning 0 dB with respect to the normalization power.

The output power can be configured arbitrarily. See the example below:
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Freq[Hz] 'ower[dBm BWI[Hz] Att A Att B
1 100 0 100 +/-20V ~ | +/-20V ~
2 100k 10k +-20V v | +/-20V ~
3 10M 0 10k +-20V v | +/-20V ~

Fig. 4.6: ascending / descending power ramp

Which results in:

Cable: Output to Port A

10.0 ]

-10.0

-20.0

dB(CH_A)

-30.0

-40.0

-50.0

-60.0
100 1k 10 k 100k 1.000 M 10.000 M

Frequency[Hz]

Fig. 4.7: Power ramp corresponding with the settings in Fig. 4.6

A slight nonlinearity can be observed in the power sweep at approximately 5 MHz. This is caused by the
programmable attenuator of the signal source and further illustrates, why absolute level measurements
are not recommended. Such measurements are influenced by cumulative tolerances and accuracies of the
instrument's internal signal path.

For accurate characterization of electrical networks, normalized ratio measurements should be used
whenever possible.

However, there may be circumstances where this kind of measurement feature will be convenient and the
intrinsic errors and tolerances can be accepted.

This measurement can alternatively be implemented using an equation. Open the Trace Edit dialog and
enable the Equation checkbox. The equation replaces any pre-defined trace function. The displayed trace
will be calculated according to the equation entered in the Equation field.

Equation
Equation |DB20(CH.A/M1.A) |

=)

Fig.4.8: Equivalent measurement Equation

Where:

DB20() function............ corresponds to 20*log10()

CHA .o Level Measurement Channel A

ML A Memory slot 1, reference data for Channel A

Running the measurement will give exactly the same trace as shown in Fig. 4.7
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Use following setup to normalize ratio measurements:

TBVNA-6000
Output Port A PortB

_
S

Fig. 4.9: Ratio Measurement Setup

In this setup, a short coaxial cable is used to connect the signal output to Port A. A coaxial T-adapter is then
used to connect Port B to Port A. In this configuration, Port A serves as the reference channel, while Port B

is the measurement channel.

The quantity of interest is the transfer gain from Port A to Port B. For example, if the cable between Port A
and Port B is replaced with a different cable or any device under test, the measured transfer function
directly represents its gain or attenuation relative to the reference channel.

Sweep list setup-example:

Freq[Hz] 'ower[dBm BW][Hz] Att A Att B
1 100 0 100 +-20V ~ | +f-20V ~
2 100k 10K +-20V v +f-20V ~
3 10M 10k +-20V ~ | +f-20V ~

Fig. 4.10: Sweep list for ratio measurement

Perform a reference measurement and save it to memory slot 1:

Stimulus Receiver Measurement De-Embed Memory

Memory Slot 1~ | Select Memory Slot

Memory Slot Operation

Copy from  Load from Save to C‘E
Hata File File Slot

— Valid
| w8 | w2 | D Data present
o tw Q

ar

Measurement

Fig. 4.11: Copy current sweep to Memory

Change the trace setup to CHB/CHA and uncheck the equation checkbox. Normalize by Memory 1.

source Trace Function Display Function Normalize by Axis
i O magnitude O none pier
@ s-param <CH 1> Voltage Channel 1, for gain phase me ~ O 9 O right
o <CH 2> Voltage Channel 2, for gain phase me ® ase e o
;"“E”UW 12 <CH A> Voltage Channel A, for gain phase me¢ :ag‘mt“ e in d8 SParam 2o
Mermory ea
Optional Value
P —— <CH B> Voltage Channel B, for gain phase me @ Ty ® Menary 1 P
Memor s | <CHA/CH B> Channel A to Channel B ratio, Memory 5
<CH B/ CH A> Channel B to Channel A ratio, Complex Memory 3 [] Use Correction
Aperture[%] <CH A/ CH 1> Channel A to Channel 1 ratio, 1 o
LFU A KUY Pl A 41 Plannal 3 eabin 47 -~ Setup Corr.
¢ 3 O Delay (-dphi/aw)
O loaded Edit Limits Create Corr.,

[] Create Copy before overwrite Avg. Function

[ keep name Variable: VAR A [0 | Variable: VAR B [0 | Variale: var_c [0 | @ Trace Func
(O Display Func

Dlaversgemnae  [2 3] Averageomber | iy ag | (] keop average currentavg: 0

Equation Add/Modify Cancel

[ equation [ 1l2 ‘)U“\:?J

Fig. 4.12 Trace Edit Menu, setting trace normalization
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Cable: Output to Port A to Port B
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b &L A &
s & o ©°
@ o o o

i
S
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Fig. 4.13 Sweep result after normalization.

Now the power is ramped up at 100 kHz and then ramped down to 10 MHz:

Freg[Hz] ‘'ower[dBm BWIHz] Att A AttB

1 100 0 100 +/-20V ~ | +/-20V ~
2 100k Q 10k +/-20V v |+/-20V v
0

3 10M 10k +/-20V ~ | +/-20V ~

Fig.4.14 Power ramp to 10 dBm

The measurement result will be normalized with respect to the output port power:

Cable: Output to Port A to Port B
200

10.0

-10.0

-20.0

-30.0

dB(CH_B/CH_A)

-40.0

-50.0

-60.0

100 1k 10 k 100 k 1.000 M 10.000 M
Frequency[Hz]

Fig. 4.15: Sweep result with power ramp.

As shown in Figure 4.15, the measurement result is now independent of the sweep power. The ratio
measurement effectively cancels variations in the source output level, resulting in highly stable and
repeatable measurements that are largely unaffected by internal instrument errors, component tolerances,
or output level variations.

Consider proper termination of the high-impedance input ports at higher frequencies. Depending on the
operating frequency and the length of the connecting cables, appropriate input terminations are required to
minimize reflections and measurement errors.

The corresponding equation for a normalized ratio measurement is:

Equation
Equation |DB20((CH.B/M1.B) /(CH.A/ML.A)) |

")

Fig. 4.16 Ratio measurement equation.
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A 4:1 audio power transformer shall be characterized in the range from 30 Hz to 250 kHz. The transformer
output shall be loaded with 0.5Q. This transforms to an input impedance of 2 Q. An auxiliary power amplifier
is required to drive the low impedance of the loaded transformer. The setup is shown below:

Port B

Output

Port A

Transformer

Fig. 4.17: Normalization setup

Output PotB
Port A
ﬁ ﬂ h
Audio
Transformer
Fig. 4.18: Measurement setup
The sweep list is setup as:
Freq[Hz] Power[dBm] BWI[Hz] At A AttB
130 3 100 H20V v SV v
2 1k 3 100 +/-20V v 20V v
3 250k § 1k -0V v 20V v

Fig. 4.19: Sweep List Setup

Set the amplifier gain to 0 dB and the input impedance to High Z.
Perform a reference measurement using the normalization setup depicted in Fig. 4.17.
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The trace setup is configured to CHB/CHA, uncheck the equation checkbox.

Display Function Normalize by Axis
Source Trace Function

@ Left
@ sFaram | <CH 1> Voltage Channel 1, for gain phase me A 8 Mhagmtude O Hone ® o
o <CH 2> Voltage Channel 2, for gain phase me o Elias e a
Menory 1 ; Magnitude in dB S-Param
<CH A> Voltage Channel A, for gain phase me Zo
Memary 2 o gamp O Real
Memary 3 <CH B> Voltage Channel B, for gain phase me ® s @ Menory 1 Optional Value
Memory 3
Memory s | <CHA/ CH B> Channel A to Channel B ratio, Memony 2
<CH B/ CH A> Channel B to Channel A ratio, e oD | () @
Aperture[%] <CH A/ CH 1> Channel A to Channel 1 ratio, 1 . Mamory 4
-  Chanmal A e Channal 2 etia g Setup Corr.
(ruf\/ru’) Pas LA +n R 17 et )< O Delay (-dphifdw)
O loaded @ Edit Limits Create Corr.
[] Create Copy before overwrite Avg. Function
[] keep name Variable: VAR A [0 | Variable: VAR B [0 | Variable:vARC[0 | (@ Trace Func
Display Fi
[] Average Enable Average Number Clear Avg. [ keep Average  Currentavg: 0 O Display Func
Equation Add/Modify S?nce\
[] Equation || | 2 ‘ Jo»« \,j

Fig. 4.20: Trace Edit Menu, setting trace normalization

Perform a measurement.

Transformer normalization setup

30 300 30k 30.0k 2500k
Frequency[Hz]

Fig. 4.21: Normalization measurement

Save it to memory slot 1.

Stimulus Receiver Measurement De-Embed Memaory

Memeory Slot 1~ Select Memory Slot

Memory Slot Operation
Copy from Lua_F from Save to C‘ear

[ata File File Slot Valid
- ali

i 4 G ; [J Data present
= =

Measurement

Fig. 4.21: Copy current sweep to Memory

The transformer’s turns ratio of 2:1, would introduce an additional loss of 6 dB, if the measurement only
considers the output and input voltage. The real insertion loss is obtained by the ratio of output power to
input power. As we know the voltages and the load impedances, we can set up following equation:

Vout2 2
. Pout 0.50 Vout 20 Vout
Insertion Loss [dB] = 1010g( o ) = 10log | = = 10log + 10log (—) = ZOIog( ) + 10log(4)
P; Vin2 Vin2 0.50 Vin
2Q

Insertion Loss [dB] = 20log(Vyy:) — 201log(Vyy,) + 10log(4) [1]
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The Equation function provides a convenient way to implement the formula so that the displayed gain

directly represents the transformer's insertion loss.

The voltages of channel A and B are entered as CH.A and CH.B. To normalize it, divide the voltages by the
values saved in Memory slot 1: CH.A/M1.A and CH.B/M1.B
Enter the equation into the diagram window: DB20(CH.B/M1.B) -DB20(CH.A/M1.A)+DB10(4)

I Trace Edit
Source Trace Function
<CH 1> Voltage Channel 1, for gain phase meter
S
O taom <CH 2> Voltage Channel 2, for gain phase meter
O Menary:t <CH A> Voltage Channel A, for gain phase meter
Memory 2 <CH B> Voltage Channel B, for gain phase meter
<CH A/ CH B> Channel A to Channel B ratio, for gain pha
~ <CH B/ CH A> Channel B to Channel A ratio, for gain pha
<CHA/ CH 1> Channel A to Channel 1 ratio, for gain pha
<CHA/ CH 2> Channel A to Channel 2 ratio, for gain pha
Aperture[%) <CH1/CHA> Channel 1to Channel A ratio, for gain pha
1.250-23 <CH 2/ CH A> Channel 2 to Channel A ratio, for gain pha
[ create Copy before overwrite
[_) Keep name Variable: VAR_A 0 Variable: VAR_B
([ Average Enable 2 2 Average Number Clear Avd:
Equation
quabon [DB20(CH.B/M1.B) -DB20(CH.A/M1.A)+DB 10(4)
8 cquato

0

Display Function

() Magnitude

O Phase

© Magnitude in dB
() Real

O Imaginary

) Delay (-dphi/dw)

O loaded Q

Variable:

O Keep Average

Normalize by

© None

O s-Param

") Menory 1

Edit Limits

VARC 0

Current avg: 0

Fig. 4.22: equation for transformer insertion loss

50 2
Optional Value
50

[ use Correction
Setup Corr.
Create Corr.

Avg. Function

© Trace Func
O Display Func

AddModify  Cancel

2 €

Setup the measurement according to Figure 4.18 and press the measurement button.
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Fig. 4.23: Normalized measurement result
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To predict the voltage drop of the transformer based on load resistance RL, it is necessary to know the
transformer's source resistance RI.

Ri
{1

Fig 4.24: Equivalent circuit of the loaded transformer

A standard method for measuring source resistance is to measure the freewheeling voltage Vo and the
output voltage under load V.. Knowing both voltages and the load resistance value R, allows you to
calculate the source resistance R,.

Measuring the unloaded transformer gain in dB and subtracting the loaded transformer gain in dB will give
the required ratio in dB, which will be transformed to the linear domain to calculate the resistance.

First, configure a CH_B/CH_A measurement.

Setup the normalization according to Fig. 4.17, but disconnect the 0.5 Q load resistor.

Perform a measurement with the normalization setup and copy the result to Memory slot 1.

Setup the measurement according to Fig. 4.18, but disconnect the 0.5 Q load resistor.

Enable an equation to compensate for the winding ratio: DB20(CH.B/M1.B) -DB20(CH.A/M1.A)+DB20(2)
Perform a measurement.

Open the diagram properties window and create a copy of the unloaded transformer gain trace.

I preferences = X B2 preferences = X

Y-Axis  X-Axis  Traces Y-Axis  X-Axis  Traces

Trace Select Trace Select

|dB(CH_B/CH_A) | Setup Appearance <1_dB(CH_B/CH_A) Setup Appearance
dB(CH_B/CH_A)
Setup Source Setup Source

{2 | LoadTrace Data
.

' Load Trace Data

| | SaveTraceData §+ | SaveTraceData

Create Copy of Trace Create Copy of Trace

| p
() DeleteTrace () DeleteTrace
N LY

[z11| Export Trace Data to.csv
Ly

[Z11| Export Trace Data to .csv
A4

(] Use Horizontal List for .csv exprt ) Use Horizontal List for .csv exprt

. ListFile Name .,  ListFile Name

Setup

() Dark Background comnee Back \')) ) Dark Background ::'l Back \r))
Fig 4.25: Diagram properties, traces tab traces tab with copy of trace

The copy of the trace is static, which means that the trace data will not change with any further
measurement. Click on “Setup Appearance” and change the name to “Vo” and change the color of the
trace to blue.

Next, re-connect the 0.5 Q load resistor to set up the normalization according to Fig. 4.17,.
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Perform a measurement with the normalization setup and copy the result to Memory slot 1.

Enter the equation to compensate for the transformers winding ratio and perform a measurement
according to Fig. 4.18.

Change the name of the measurement trace to “VL” and add a legend. Enter a name for the diagram, such

as “Transformer_measurement”. This name will be used in a global equation and shall not contain any
space character.

Transformer_measurement

10 100 1.00k 10.00 k 100.00 k
Frequency[Hz]

Fig 4.26: blue — unloaded insertion loss; red — loaded insertion loss

For the next steps, it is important to enable “keep name” in the trace properties to prevent the system to
change the name of the trace if anything in the trace properties is changed.

Trace dit = x

Diplay Function Normalize by s
O Left

0es O Hagrinsie O more L
= 95 )
Menory 1 © Magritude ind8. ) SParam
50 o
= Optional Value
Imagnary O Menary 1 =
M
[ Use Correction
N i
L2525 syt sespGor.
loaded Q Exit Limits Creste Carr.
e P—
@ Vs A 0 [P Vasbier R 0 © T unc
. . O teptey s
RVETEgE Ense 2 5 AverageNumber Oear Avg. JKeep Aversge  Curentavg: 0
Eqnton ettty o
8 Equstion  DEID(ICH.BM L8)/[C4.AM LA]) +CE 104) ? ‘ 40« \r;]

Fig. 4.27: diagram, trace setup; “keep name” enabled

Next, create a global equation to calculate the resistance.

I TBVNA-6000 Network Analyzer =

File System Measurement

Stimulus Receiver Measurement De-Embed Memory
Spur reduction Attenuator Port 1 Attenuator Port 2
© High Speed © 0dBm max. © 0d8m max.
() High Accuracy 20 dB B
() Spur Cal valid
Equations '\ Variables Tuner

Bandwidth [Hz]

i Fo) (x) &

(0.005 Hz -200 kHz)

Measurement

single  cont stop Diagram Calibration [_J cal valid

a3 &y

Fig. 4.28: global equation button
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Application Note: Advanced Measurements with the TBVNA-6000 Bode Analyzer

The first equation is named Vo and reads out the trace copy of the unloaded transformer voltage Vo.
The syntax is: TRC.<diagram_name>.<trace_name>(arg). The diagram name was set to
Transformer_measurement and the trace name is Vo.

The second equation is the measurement result of the loaded transformer. It has to be re-entered, as
traces created by equations cannot be used in global equations directly.

I Global Equations - .

Edit
Add

Name Equation Valid

1 Ve TRC.Transformer_measurement.Vo(freq)

2V DB20((CH.E/M1.B)/(CH.A/M1.A))- DB10(4)

3 ratie '\0 {((EQ.Ve-EQ.VL)/20)

Fig. 4.29: Ratio equation

The ratio equation calculates the linear ratio of loaded and un-loaded insertion loss. Hence, the dB values
must be de-logarithmized:

Vo-VL
ratio= 1020 ) [3]

In order to create the final equation, it is useful to define the load resistance as variable. Click the back-
button to close the global Equations editor and open the Variables editor.

[ TBVNA-6000 Network Analyzer -
File System Measurement
St Receiver  Measwement  Defmbed  Memory

Spur reduction Attenuator Port 1 Attenuator Port 2

© Hchspeed © 0 dom max. © 0.dom max
() High Accuracy 20 dB 20 dB
() Spur Cal Valid
o Equations /Variables Tuner

Bandwidth [Hz]

Ja\ (x)) 484
(0.005 Hz -200 kHz)

Measurement

snge  cont stop Diagram Calibration () cal vaid

Weo

Fig. 4.30: Global Variables Button

Define a variable R_Load with a default value of 0.5 Q, a range from 0.3 Q to 10 Q with a step size of
0.1 Q and enable it. Note that R_Load could be entered into the equation for Ri as discrete value. Defining
it as global variable shall only demonstrate the capability of the tuning feature:

2 Ture values = (m] X
Edit

Add
.y
Delete

=

Name Value Min Max Step Enable
1 R_Load 0.5 03 10 0.1

2

3

Fig. 4.31: Global Variables definition
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Application Note: Advanced Measurements with the TBVNA-6000 Bode Analyzer

Re-open the global Variable editor to enter the equation to calculate the transformer’s source resistance R,
using equation [2] depending on the variable R_Load. Ri = VAL.R_Load*(EQ.ratio-1)

I Global Equations - o b4
Name Equation Valid Edit
1 Vo TRC.Transformer_measurement Vol(freq) b
2 DB20((CH.B/M1.B)/(CH.A/M1.A))+ DB10(4) &y
Delete
3 ratio 10((EQ.Vo-EQ.VL)/20) ‘

4 Ri VAL.R_Load*(EQ.ratio-1) o

Fig. 4.31: Equation for R,

Next define a new diagram to display R..

B is visble

Quit

)

Fig. 4.31: Diagram to display R,

Add a new trace with following equation EQ.Ri to create the trace of the transformer’s source resistance:

Equation AddModify  Cancel

.
@ Equation  EQ.Ri 2 ‘ JOK \\,?j

Transformer_Ri

350 m

300 m

250 m

200 m

Ri [Ohm]

150 m

100 m

50 m

10 100 1.00 k 10.00 k 100.00 k
Frequency[Hz]

Fig. 4.32: Trace of the transformer’s source resistance
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Application Note: Advanced Measurements with the TBVNA-6000 Bode Analyzer

As mentioned before, the load resistance could be directly entered into the R; equation. Though making no
sense with respect to measuring Ri, the load resistance was defined as global variable to demonstrate the
capabilities of tuning. Click at the tuner-button to tune the variable:

Stimuus  Receiver Measurement  De-Embed  Memory

Spur reduction Attenuator Port 1 Atteruator Port 2
O High Speed - © 0d8m max.

() High Accuracy o x
) Spur Cal vaiid RLOAD
2,00 = =
Bandwidth [Hz]
.
00k = .)
(0.005 Hz -200 kiz)
Measurement
snge  cont sty foraton [ cal vaid
Pr
i —
0%
Utiity 1
1, [ Le | SWRev: L46
N
Signal Generata 2 s ~[%]- pemod
Action
Quit
Connected Select Setup ;
] m— None Save Setup 0’

Fig. 4.32: R_LOAD tuner

Now the Load resistance can be set conveniently by entering its value or shifting the slider. The effect can
be immediately observed in the diagram.

For frequent use, the whole setting may be saved to the file menu.

As shown throughout this application note, the TBVNA Bode Mode is a versatile and powerful measurement
tool when used correctly. The programmable sweep list, normalization, user-defined equations, and tunable
variables allow for customized and precise measurements across a wide range of applications.

By performing the required calculations and corrections within the instrument, the need for cumbersome
external post-processing tools is significantly reduced or eliminated, resulting in a faster and more efficient

measurement workflow.
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  I n s e r t i o n   L o s s    [ d B ] = 10  log ⁡   (     P  o u t    P  i n ) = 10 l o g  (         V  o u t 2  0 . 5 Ω        V  i n 2  2 Ω ) = 10 l o g  (       V  o u t 2      V  i n 2 ) + 10 l o g  (   2 Ω  0 . 5 Ω ) = 20 l o g  (     V  o u t    V  i n ) + 10 l o g  ( 4 )


  I n s e r t i o n   L o s s    [ d B ] = 20 l o g  (   V  o u t ) − 20  log ⁡   (   V  i n ) + 10 l o g  ( 4 )       [ 1 ]


  I n s e r t i o n   L o s s    [ d B ] = 20 l o g  (   V  o u t ) − 20  log ⁡   (   V  i n ) + 10 l o g  ( 4 )       [ 1 ]


    R  I =   R  L     V 0 −   V  L    V  L =   R  L  (     V 0    V  L − 1 )       [ 2 ]


  r a t i o =    10  (   V o − V L 20 )             [ 3 ]

