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Note: Basic procedures such as setting-up, adjusting and calibrating the Bode 100 are described
in the Bode 100 user manual. You can download the Bode 100 user manual at
www.omicron-lab.com/bode-100/downloads#3

Note: All measurements in this application note have been performed with the Bode Analyzer
Suite V3.0. Use this version or a higher version to perform the measurements shown in this
document. You can download the latest version at
www.omicron-lab.com/bode-100/downloads
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1 Executive Summary

This application note explains how Bode 100 can be used to measure and verify various signal
transformer parameters. You will be shown how to detect discrepancies in winding numbers of
transformers and how to measure resonance frequencies and coupling factors.

2 Measurement Tasks

Sometimes it happens that a signal transformer does not show the exact characteristics as described
in its datasheet. Bode 100 offers several functions to verify signal transformer parameters.

The following points are from interest when analyzing a common signal transformer:
1 Transmission ratio
2 Usable frequency range
3 Coupling factor
4 Resonance frequency
5 Parasitic capacitance at the resonance frequency

Note: Basic procedures like setting-up, adjusting and calibrating Bode 100 are described in the
manual of the Bode 100 (see: http://www.omicron-lab.com/bode-100/downloads.html#3).
Therefore these procedures are not described in detail in this application note.

3 Measuring setup and results

3.1 Measurement of the transformer’s transmission ratio

The transformer’s transmission ratio is defined as the ratio of its primary and secondary voltage
(Upim/Usec). By using the gain/phase mode of Bode 100 the transformer transmission ratio can be
measured directly.

Mew measurement® - Bode Analyzer Suite

@ Welcome, please select a measurement type...

Vectar Netwaork Analysis ) Impedance Analysis
New measurement

‘ » Transmission / Reflection

Recent

v Gain / Phase

Options

About Measure Gain/Phase (transfer function H(f)) using the
external reference.

Read user manual

Exit

( Start measurement )

Figure 1: Start menu

OMICRON

4%

Smart Measurement Solutions® -



http://www.omicron-lab.com/bode-100/downloads.html#3

Bode 100 - Application Note
Signal Transformer Measurements
Page 4 of 15

Apply the following settings:

Start frequency: depends on transformer (in this case: 20 Hz)
Stop frequency: depends on transformer (in this case: 20 kHz)
Sweep mode: Linear

Number of points: 201

Source level: 0 dBm

Attenuator for CH1 & CH2: 20 dB

Receiver Bandwidth: 1 kHz

Perform a “Full-Range” calibration to remove cable influences as described in the user manual.

Note: In our measurement we use a 1:1 transformer. If you have another transformer ratio, please
note the points below.
e To avoid an overload on input Channel 2 (CH2) please use transformers only in the down
conversion mode (side with more windings connected to CH1)
e Input CH1 serves as the reference channel and CH2 is connected to the side with less
windings

The pictures below show how we have connected our transformer to the Bode 100:

Figure 2: Measurement setup Figure 3: Measurement setup - close-up

Set Trace 1 Format to Magnitude leads to a chart where the ratio can directly red.

Trace 1 v
Measurement Gain

Display | Measurement - |
Format | Magnitude v |
o s
Yomin | s0om 4
Y-axis scale | Linear v |

Figure 4: Trace 1 settings
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After we set up Trace 1, we can now start the frequency sweep, where you should get a frequency

curve comparable to the one below.
1

Frequency Trace 1
990m 10000 Hz 978582 m

.£ 950m

Trace 1: Gai
O O O
N w N
o o o
3 3 3

910m

5k 10k 15k 20k
Frequency (Hz)

Figure 5: Magnitude measurement

Activating a cursor and put it on the optimal frequency (shown in the data sheet) leads us to get a
precise value of the ratio.

. . . .U :
Bode 100's gain measurement is defined as the ratio —<"2 . Since we have connected the secondary
CH1

winding to CH2 and the primary winding to CH1 we have directly measured the transformers
transmission ratio: —™
Sec
To find out if the measured value fits the data sheet value we can calculate the transmission function
U prim I\Iprim _ 200

as follows = = =1 and compare it with our measurement (0.979), which is

U N 200

sec sec
acceptable precise.
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3.2 Measurement of the usable frequency range of the Transformer

One of the many functions of transformers is to forward signals from one circuit to another while
providing galvanic isolation. To find out in what frequency range a certain transformer can be used
you need to know the transfer function of your transformer.

For this measurement we applied the following settings in the Gain / Phase measurement:

Start frequency: 10 Hz

Stop frequency: 10 MHz
Sweep mode: logarithmic
Number of points: 201 or more
Source level: 0 dBm
Attenuator for CH1 & CH2: 20 dB
Receiver Bandwidth: 1 kHz

Check if you have the Bode 100 still calibrated, if not, perform a new THRU calibration. Additionally,
the transformer has to be connected as shown in the measurement before (3.1 ).

Adjust the settings for Trace 1 and Trace 2:

Measurement Gain

Display | Measurement v
Measurement Gain Format | Phase (%) - |
Display | Measurement - | Unwrap phase

Format | Magnitude - | | Hz
T 2 |
Vi | 0 3 Yimax | 200 4|
Y-axis scale | Linear v | ¥ rnin | -200 *° :|
Figure 6: Settings Trace 1 Figure 7: Settings Trace 2

Now we can start a frequency sweep.
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5 ; 200
Frequency Trace 1 Trace 2
4'5 30 Hz 963,899 m 3842° 150
() 100000 Hz 1,02 -775,464 m*
© 4 Delta C2-C1 93447,401 Hz 56,361 m -4,617 ° 5
2 ' 100 ~~
p | (]
c 3,5 E g
Q | 50 <
3 : o
= \ -
C 25 I Oy s o o I oy e B I ey e 0 ‘©
© | )
O 2 ! ..
— : -50 N
i [}
L 15 ' Q
O ! ! ©
© | -100 =
= 1 0 08 1 1 L0 L o S BN =
/5 -150
500m i
0 -200
10 100 1k 10k 100k 10M

Frequency (Hz)
Figure 8: Measurement result — Usable frequency range

The transformer shows a stable magnitude and phase in the range from 30 Hz ~ 100 kHz.
Therefore, the transformer we have analyzed can be used in exactly this range (30 Hz to 100 kHz).

3.3 Measurement of the coupling factor

The coupling factor k indicates how much of the magnetic field induced by the primary winding flows
through the secondary winding and vice versa. It is therefore a measure for the leakage inductance of
a transformer. For an ideal transformer with no leakage inductance the coupling factor equals 1 (k=1).
Since real world transformers do have leakage inductances the coupling factor k is always smaller
than 1 (k<1). The coupling factor is defined as follows:

M

k =— 1
v L1 L2 o

L, ... primary inductance L, ... secondary inductance M ... mutual inductance

To calculate the coupling factor of a transformer we need to be able to measure the above
impedances. Since it is not possible to measure M directly we use the following formulas for the
primary and secondary voltages as a starting point:

Ui=Jjo - (Li- .+ M- 1) (2)
U2=ja)'(|\/|.|1+|_2-|2) (3)

V1 = primary voltage I, = primary current
V, = secondary voltage I, = secondary current
OMICRON
I LAB
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By shorting the secondary pins of the transformer the secondary voltage equals O:

O O

V, V,=0

o O

Figure 9: Transformer - one side shorted

In this specific case of operation equation 3 can be adapted as follows:

Uz=Jo (M- l1+La-12) =0 > 2=~

This new formula for I, can be used to replace I, in equation 2:

2 2
. M . M
U= Jo '(ll'l—l_ll'_ > U= jo- - (Li——)
L. Lo
This equation can be simplified by replacing the bracket with the new variable Ls.

2

. M
U=jo h-Lg = Li=Li—— > M=L-(L-L)

2

Ls is the inductivity measured at the primary winding of the transformer, with shorted secondary
winding. Now we can replace M in equation 1 with /Lz 'iLl_ Ls)

VLo (Li-Ly)

k =
VL Lo K

After reducing the equation we get the final formula for the coupling factor:

(4)

The two unknown inductances L; and Ls can be measured by Bode 100. Based on the measurement
results it is possible to calculate the coupling factor k.

Note: Due to its design, the Bode 100 is able to measure low impedances very precisely.
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To measure these impedances, we have to switch the measurement type to One-Port.

@ Welcome, please select a measurement type...

| Vector Metwark Analysis | |Impedance Analysis ||

Mew measurement

v One-Port
Cpen

- Measure impedance/reflection at the output port.

Recommended impedance range: 500 mQ ... 10 kQ
Save

Save as

| Start measurement |

Export

Figure 10: Start menu

Set the Frequency to Fixed 1 kHz (or the nominal frequency of the transformer) which is in the linear
area of the transformer as well as the measurement settings as follows:

Frequency Sweep _“ Fixed

Source frequency
Level

Attenuator  Receiver 1 Receiver 2

‘ 10 dB vH 10 dB v‘

Receiver bandwidth 10Hz =

Figure 11: measurement settings

Connect a cable to the source output of Bode 100 and perform an OPEN, SHORT and LOAD
calibration to remove the cable influences as described in the user manual.

After you calibrated the Bode 100 connect your DUT (primary winding to source) like shown in the
picture below.

Figure 12: Measurement setup ’4 ’4
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101 Series equivalent circuit
8k
6k | Rs = 7,130 kO
g
g o
S Ls =1,010H
E
g = 889,839 m
é ] tan(g) = 1,124
-4k-|
-6k |
-8k |
-10k-|

-10k -5k 5k 10k

0
Impedance Real (Q)

Figure 13: single frequency measurement primary side
Result: Primary inductance L; (open secondary winding) =1 H

To measure Ls you can use the same measurement setup but this time you have to short circuit the
secondary winding as shown below.

Figure 14: Measurement setup - shorted secondary winding
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Repeat the measurement with equal settings leads to:

100

Series equivalent circuit

80

-20

60 Rs = 96,045 (2
o — "
g
? 20
£ Ls = 1,098 mH
g /
’ Q=71823m

tan(8) = 13,823

-40
-60

-80

-100

-100 -50 0 50 100
Impedance Real (Q)

Figure 15: single frequency measurement prim with short sec

Result: The inductance Ls (short circuited secondary winding) = 1.1 mH

With the measured values L; and Ls the transformer's coupling factor can be calculated as follows:

ke b — g LAmE 50004
L, 1H

By measuring the inductance on the primary side of the transformer once with open and once with
short circuited secondary winding all values required to calculate the coupling factor are available.
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3.4 Measurement of the resonance frequency

The transformer’s windings also have a parasitic capacity. This capacity, in combination with the
winding’s inductance, causes a parallel resonance. The next pages show you how to find out the
resonant frequency.

Note: The upcoming measurement is also performed by the One-Port measurement type as shown in
Figure 10.

To measure the resonance frequency of your transformer apply the following settings.

Fraquency sweep [JEl™ Fixed Trace 1 v
Start fraquency Measurement | Impedance - |
Stop frequency 40 MHz Display | Measurement - |
Center 20,000005 MHz Format | Magnitude - |
Span 39,99999 MHz Yinax | 50 kO :|

Vorin | 200 4]
sweep Linear [ I Logarithmic Y¥-axis scale | Log(Y) - |
Mumber of points | 201 -

Level constant [IEl™ variable

Source level 0 dem 3§

Attenuater  Receiver 1 Receiver 2

|DdB v|| ods

Receiver bandwidth 3I0Hz *

Figure 16: measurement & trace 1 settings

Connect a cable to the source output of Bode 100 and perform an OPEN, SHORT and LOAD
calibration to remove the cable influences as described in the user manual.

After the calibration, connect the cable to the primary winding of your transformer and leave the
secondary winding open. If you have more than one primary winding connect them in series. The
figure below shows the setup with our transformer.

Figure 17: Resonance frequency setup I4 I4
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Start the frequency sweep and use Bode 100’s zoom function to optimize the diagram around the
peak impedance. By using the cursors you can measure the exact frequency of the highest
impedance (Right click into the chart, Cursor 1, Jump to Max (Trace 1)). While zooming, you can
adjust the frequency settings with the zoom by pressing the “Get from zoom” button. If the curve is still
not precise enough, try to lower the receiver bandwidth or higher the humber of points.

Trace 1

Frequency
39639,001 Hz

47,724 kQ

=
o
=~

Trace 1: Impedance Magnitude (Q)

100

10 100

Figure 18: Measurement result

1k

10k
Frequency (Hz)

100k 1M 10M

Result: The chart shows a magnitude peak of the impedance curve close to 40 kHz. The cursor
function allows measuring the exact resonance frequency — in our case 39.639 kHz.
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3.5 Parasitic capacitance of the transformer

Above a parallel resonance was detected at 39.639 kHz. The transformer windings are producing a
small capacity. The winding inductance and capacity are specifying the resonance frequency.

Equation for LC-resonance: f P
Remark: Since the resonance frequency of the transformer was measured with open secondary

winding the inductivity L1 measured in 3.3 has to be used to calculate the parasitic
capacity C.

By converting the resonance formula you get a formula to calculate the parasitic capacity C:

2
1 1 2
2r-f 271-39639H
r T Z
- - —16.1pF
C L 1H ¥

4 Conclusion

In this application note it has been shown how to measure a signal transformer’s characteristics with
Bode 100. You were able to measure the transformer ratio, transfer function and the resonant
frequency. In addition it was demonstrated that it is possible to calculate the coupling factor and the
parasitic capacity based on values measured with Bode 100.

4%
OMICR&I\BI

Smart Measurement Solutions® .




Bode 100 - Application Note
Signal Transformer Measurements
Page 15 of 15

OMICRON Lab is a division of OMICRON electronics specialized in
providing Smart Measurement Solutions to professionals such as
scientists, engineers and teachers engaged in the field of electronics.
It simplifies measurement tasks and provides its customers with more
time to focus on their real business.

OMICRON Lab was established in 2006 and is meanwhile serving
customers in more than 50 countries. Offices in America, Europe, East
Asia and an international network of distributors enable a fast and
extraordinary customer support.

OMICRON Lab products stand for high quality offered at the best
price/value ratio on the market. The products' reliability and ease of use
guarantee trouble-free operation. Close customer relationship and more
than 30 years in-house experience enable the development of
innovative products close to the field.
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