Het meten van spoelen met Ferriet
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Basis kenmerken

Algemeen
Wat is ferriet
Hoe wordt het gemaakt

Wat heb je er aan

Er aan meten

Inductie
Werk frequentiebereik

p'r _ ”"r

Tools:

MiniRingkern , van inductie = winding aantal
Coil64, voor simpele p bepaling

VNA voor het echte meten

Poeder/lJzer

lJzerdeeltjes met een isolerende bindmiddel
geperst en gebakken.

KL max 75

Ferrites (een soort ceramic)
lizer oxide +ander metaal+bindmiddel:
( Resonant, WB)
-Nickel/Zink (NiZn, >1MHz, 10-1000MHz)
-Mangaan/Zink (MnZn, < 3MHz, 10-100MHz )
-Magnesium (MgZn)

Gemixt, voorgebakken ->granulaat, in vorm geperst
en gesinterd

K max 15000

Nanocrystalline > 15000



Soorten & Merken

Ferrite is uitgevonden door Dr. Kato en Dr. Takei in 1930 en is een

e EMC / Suppression magnetisch oxidemateriaal met als belangrijkste ingrediént ijzer.
) Ferriet is geclassificeerd in zacht ferriet (magnetische kernmateriaal)
* Inductive / Resonant en hard ferriet (magneetmateriaal).
e Power RF & LF TDK was opgericht voor de productie van zacht ferriet in 1935.
* Wideband / Broadband Transformer e
26 13116 657 |0 2
- Ferrite Cores (AMIDON, Fair-Rite) FT50-43  wole [ ol ]
* Iron Powder Cores (AMIDON, Fair-Rite) T50-2 e )
* Ferroxcube (ex Philips) TN36/23/15 3C90/4C65
* WE (WURTH ELEKTRONIK) 742 725 95
e TDK-Epcos (SIFFERIT, ex Siemens) B64290

* NEOSID F100b



Meten - Tools

Inductie berekenen/voorspellen
» Mini Ringkern-Rechner V1.32
»Coil32/64 (RFsim99, Qucs)

Inductie meten
»LC Meter

» Antenne analyzer
»DG8SAQ VNWA
»Nano VNA
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Co
vvvvvv
| s
AL= 49 1.30




VSWR
Tabel

VSWR=Lineair
Return loss=Log(dB)

14-6-2020

Voltage Z1= Z1=
2172 Reflectie 50 50
Returnloss| Coéfficient | TxPow |Refl.pow |Refl.pow

VSWR dB X % % dB 2= Z2=
1.020 40 0.010 99.99 0.01 0.000 51.01 49.01
1.065 30 0.032 99.90 0.10 0.004 53.27 46.93
1.119 25 0.056 99.68 0.32 0.014 55.96 44 68
1.152 23 0.071 99.50 0.50 0.022 57.62 43.39
1.222 20 0.100 99.00 1.00 0.044 61.11 40.91
1.253 19 0.112 98.74 1.26 0.055 62.64 39.91
1.499 14 0.200 96.02 398 0.176 74 93 33.37
1.977 13 0.224 94 .99 5.01 0.223 78.84 31.71
1.671 12 0.251 93.69 6.31 0.283 83.54 29.92
1.785 11 0.282 92.06 7.94 0.359 89.24 28.01
1.925 10 0.316 90.00 10.00 0.458 96.25 25.97
2.000 9.54 0.333 88.88 11.12 0.512 100.02 24 .99
2.100 9 0.355 87.41 12.59 0.584 104.99 23.81
2.323 8 0.398 84.15 15.85 0.749 116.14 21.53
2615 7 0.447 80.05 19.95 0.967 130.73 19.12
3.000 6.02 0.500 75.00 25.00 1.250 150.01 16.67
3.570 5 0.562 68.38 31.62 1.651 178.49 14.01
4419 4 0.631 60.19 39.81 2.205 22097 11.31
5.848 3 0.708 49 .88 50.12 3.021 292 .40 8.55
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Main Audio Aux Audio
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AD9859
X
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Kalibratie

e Zonder Cal lijkt het op Spectrum Analyzer + TG

* Open

* Short

* Load

* Coax Kabels wegrekenen

 Laten zien dat het klopt in Smith kaart

» Referentievlak (Reference plane)

* Poort extensie, om extra aansluit kabel te compenseren



Balun, ook wel symmetreer trafo

PRI SEC
PIN 1 ¢ « PIN 3
LA NAANAL e

¢ INPUT OUTPUT Z0
o/ Y Y Y o
é PIN 2 o > PIN 4

Z0

v
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Met center aan aarde om de balans te meten

PIN 1

p—
¢ INPUT

M)

p—
PIN 2

Z0
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®

PRI SEC
0.5
PIN 3 >0

OUTPUT

PIN 4

PIN 1

PRI SEC

-O-
¢ INPUT

YV

N
A
PIN 2
é ‘

Z0

v
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2Xx Balun in serie om het verlies te meten

6 Apr 2020 16:46:09 FT240-43-Balun-60mm+Wurth-Balun-60mm

PRI SEC "
PN 1 ® PIN 3 |—| d . L 3 Ref3
W © © W —'--....-—-\vmuds
InPUT OuTPUT 1:7.174MHz~  -44.33dB" -0.07dB e
o o o O 2:10.03MHz  -38.84dB  -0.10dB
QS FiNe o PIN 4 u R 3:289MHz _  -23.04dB_  -0.29dB /—-..../-\
70 A
)
70 /j/
A
J/
1?,/
0.3/2=0.15dB = 1.035x /
—t
100/ 1.035 =96.6W
Is dus een verlies van 3.4W in de balun
Sm
Cal
Start = 0.02 MHz Laog Frequency Sweep Stop = 500 MHz
;;Att. =0dB 541 dB

511 de
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Balun meten 1

26 Mar 2020 12:50:36 Wurth-60mm-BalunSerieTwisted

PRI SEC 1:1.007MHz| -2077dB  -0.05dB
® 10dE/ 2:7.247MHz| -2806dB  -0.08dB
PIN 1 PIN 3 . 3:51.36MHz. -21.23dB. -0.28dB
M\ M\
O
L e M -
2 2]
s Refz
IHPUT DUTPUT "“::=_=\ -F\O 0de
NN VoV Vo W ] L a )i
PIN 2 PN 4 ] ~
® \\
. 2 '_/ N
DC niet verbonden L LLE -

Return loss van af 1MHz

Sm
Cal

Start =002 MHz Log Freguency Sweep Stop =A00 MHz

=
TX At =0dB g1 B
511 dB

74270097-61x35x13-4W620
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Balun meten 2

PRI SEC
PIN1 @ PIN 3
o0 NAAANS O
INPUT OUTPUT
C) //’—"\\(/’—5\\v/’—‘\\v/"~‘\\ C}
PIN 2 o PIN 4

DC verbonden
Return loss tot OHz

74270097-61x35x13-4W620
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6 Apr 2020 15:46:19

Wurth-74270097-Common-mode-60mm

1048/

cla

1048/

Ref3

Ref2
0de

"'-\\ /‘\/f\'- 0B
/)

1: 7.174MHz"  -22.18dB" -0.01dB /‘
2:10.03MHz -19.40dB -0.05dB // \ ’\_
3:289MHz _  -10.18dB. -054dB z /
P2 v
Py
L]
L~
d/
L]
|
__.._---"'"""

Sm
Cal

Start = 0.02 kHz

=
Tx Attt =0dB
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511 dB

Log Frequency Sweep

521 dB

Stop = 500 MHz
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Balun meten 3

26 Mar 2020 09:19:40 Wurth-60mm-BalunParalell

PRI SEC
® 1:0.1022MHz| -11.01dB  -0.48dB
PIN 1 PIN 3 . 2:3.271MHz -0.20dB  -20.00dB
3:28.29MHz | -0.22dB. -29.00dB
1048/
- "27 "3’ Refd
—— L el '\p\ 0de
O—O /_/ ST
PIN 4 /ir R \
A1
- ‘ d ™~ AV
Isolatie, commonmode |~ RN /
: T gLt
signal wordt onderdrukt
Sm
Cal
Start = 0.02 MHz Log Freguency Sweep Stop = 500 MHz
?;ﬂktt. =0dB g21 B
511 db

FT240-43

14-6-2020 Timo Lampe - PE1FOD 14



s 20dB demping genoeg?

100 W Tx * S4 =-103dBm Rx

e SWR=1:1.95 * S9 Ruis signaal uit Huis

e 10 W Terug e S9 =-73dBm

e 20dB Loss * Danis 30dB demping nodig

e =0.1W Tx @ coax



1 : 4 Trafo of mantelstroom filter ?

Guanellabalun
Un ced

Balanced Balanced

Is dus geen mantelstroom filter maar een 1:4 trafo
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Unbalanced
ool =« Balanced
L
AN N1
¢ INPUT OUTPUT
o Y Y Y N O
PIN 2 o PIN 4

14-6-2020

Balun + 1 : 4 Trafo

Un ced

Z0
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Balanced
1:4
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Balun + 1 : 4 Trafo met 200Q) afgesloten

1Apr 2020 16:13:37 Balun(Mem1)=Wurth-60mm + 1:4{511)=FT240-43

1r 2.0838MHz -8.29dB 10 2¢dB
. 20 7.161MHz| | | [20.13d8  (20(5]dB
3. 30 28MHz| | | [20.81d5  |2657dB fets
1048/ L] | 0de
_ _ X BUN/AY
Mem1 = Balun = Wurth 60mm zwart N e SN
N vl
R 3/ .
M 4 L
S11 = 1:4 Trafo FT240-43 rood ATV
Sm
Cal
Start = 0.05 MHz Log Frequency Sweep Stop = 500 MHz
T At =048 Mem1 o

511 dB



Definition of Complex Relative Permeability
M*r = p'r - Jutr

2400120512
Keysight : 16454-90020.pdf
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De oplossing van Thomas Baier

The inductance of a coil with b turns on a toroid is
calculated to be L=p _O0*u _r*b”2*A/Length
Where:

L = in Henry

M O = magnetic field constant = 4*pi*10"-7
Newton/Ampere”2

M_T = permeability=p’+j*u” which you are after

A = cross sectional area of the core

Length = magnetic path length, i.e. average
circumference of the core
b = turns

So, if you measure the impedance of a coil wound
onto the core you will obtain

Z=]*w*L
Actually, with a VNA you measure S11.

But you can calculate Z from S11 with the VNWA
function: s2z(s11).

So, you can solve the whole thing for u_r:
M_r=s2z(s1l)*Length/(j*w* p_0*b"2*A)

Copy above formula into a VNWA custom trace and
display the real part and the imaginary part of the
result.

Hope this is helpful.
Best regards,
Tom



n r=s2z(sll)*Length/(J*w* p_0*b"2*A)

= Enter Expression 1 for trace 4:

Expreszion:

522(511) Lengthi(jwu_0"b"2"A)

Global Subexpressions [available in all expressions, subexpressions may use other subexprezsions from above]:

omrekening naar

) ) Subl= |l ength = 010273
wren w’'r metde | == i - |ooooosss
subd= U0 = [4pir10"7
VNWA
Subb = = |1
Aliases: Caption:
521= || 511 = 512 = | 522 = ||.L_r
keml = kemz = kem3 = kemd = kemb =
bl emb = kemy = kems = kem3 = kem 0=
ak, Save Load |
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Ferrieten meten: -

1:0.2336MHz 874.63 32.76
2:1.161MHz g37 76 210.02
3:2.763MHz 1. 742.36. 40651

Met VNWA

Frequentiebereik : 20kHz to 500MHz ~
e in grafiek zijn de p'r en u”’r met de W""\f“"" ﬁ x\\
marker af te lezen \

MBWI1S
3B1¥

104

I
17

103 .
¥
r -~
r ] Ll
8 1" s Mg [T1] M"" e 2 T h\
e ]
i‘. : -

L

Sm
102 - L Cal
- Start = (.02 MHz Leog Frequency Sweep Stop = 500 MHz
Il M, ;;EM =0 dE pr  Real
1 i W Imag

10 ‘ )
10~ 1 10 ¢ MHz) 10
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De Meetkamer

VNA Calibratie

Lege meetkamer als short

buitendiameter

La

binnendiameter

gemiddelde
cirkellengte

14-6-2020

dikte B
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FT37-43

25Mar 2020 14:52:16 FT37-43-10mm

Fair-Rite
FT240-43

Wurth
A\W620

25Mar 2020 11:29:35 FT240-43 25Mar 2020 11:34:19  Wurth-4W620-60mm
1:0.2392MHz 80351 33.40 1: 0.269MHz 759 .54 1511 1: 0.1399MHz 523.04 4589
2:1.606MHz 870 24 167 44 2:2.083MHz $89.76 206 .61 2:3.544MHz 556.02 119.47
3:4.452MHz L 665 63. 3b3.17 3:403MHz LLI 71885. 39797 3:9.063MHz 1 42525. 24386
150/ 150/ 120/
150/ 150/ b 120/
1 T
i S ] \\ .Y, : —"/ \
N v \ - :
i \ d it VAR /'1\
N \ N
3 N
N N N
N N
N N
N
3 e
A T T \ \
/’ T h / e | o \\
/ \\ i/ \\ / LA N
7| By / R o ™M
~ ~ ]
Ry R M. v MR
ey 1 3
1 ,/ "\ . ‘*\ Ao S / \
| y 1 _—
= 5 M Pt 15 P 5
i i i
5m Sm 5m
Cal Cal Cal
Stat = 0.02 MHz Log Frequency Sweep Stop = 500 MHz Start = 0.02 MHz Loa Frequency Swesp Stop = 500 MH: Start = 0.02 MHz Lo Frequency Sweep Stap = 500 MHz
Tha 0 wa  Mag Tha -0 wa Mag T 08 w-s Mag
b Imag b Imag b Imeg

10mm
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n=800

60mm
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Spoel 100uH—>

23May 2020 08:55:49 10uH-Kein

2uH/
10d8/
/ N
200ahmd /
/ i)
[l \
[1:0.2036MH -0 86+i 0 42
2:10.04MHz 098+ 0.17
|3:30. 74MHz _ 1.00+i 0.04 Y
Bail
\\K_ | | e Defin
Sm 7 o
Cal - L] ‘
Start = 0.02 MHz Log Frequency Sweep Stop = 200 MHz
ER 511 L S11 Smith
511 dB 51112|
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10uH klein

23May 2020 09:40:12 100UHTDK

204H/ TT
/ [
2000ahm| -
[T e
h s -
! Il Ll e T
1:0.1016MHz; 8761pH” 011+ 096 55 720hm
2 1.006MHz 89.30uH_ 0.98+i0.18 561 640hm
3: 30 74MHz _ Z 098012 817.850hm
\K_ || £ Tortn
St |
Cal - L~ ‘
Start = 0.02 MHz Log Frequency Sweep Stop = 200 MHz
R 511 L- 511 Smith
51112

23May 2020 09:02:33 10uH-B781085-Epcos

HY L

|
ae
I i

2000hm/ /

=

i

[1:0.2036MH 10.05pH  -0.86+i 0.47 12.81ohm
2:10.04MHz 10.39pH . 0.99+i 0.15 652 67ohm
[3:30.74MHz pH_ 1.00+ 0.03, 3530 .850hm,
et L 1000 -
e~ Butn
Sm |
cd - ||
Start = 0.02 MHz Log Frequency Sweep Stop = 200 MHz
R 511 L- 511 Smith
s1112]

B/781085
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23May 2020 10:05:48 100uH-B73108E-Epcos/TDK.

20uH/

2000k /

/ ooo\

1:0.1016M 23+i 0.95| 63.420hm
2:1.005MH 99+ 0.16/ 666 170hm
8:30.74MH 94-i 0.30 326.050hm|

E
i

k/ |
L
P~

Gufhn

Sm
cal o |
Start = 002 MHz Log Frequency Sweep Stop = 200 MHz
S 511 L- 511 Smith
51112
28 May 2020 10:53:14 15uH-B781085-Epcos/TDK
SpH/ ‘ ‘ ‘
[1:0.1016MHz  15.04uHZ-0.91+0.36,  9.580hm r N
2:10.17MHz 1753uH | 1.00+0.09- 11165660hm | | | |
i 362 GMHz  2.26pH | 099011 880 210hm [
-
AR
\ e
sk
Sm
Cal |~
Start = 002 MHz Log Frequency Sweep Stop = 200 MHz
S 511 L- 511 Smith
51112
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Ferriet-Kraal
Smoorspoel

14-6-2020

28 May 2020 11:19:24 Smoorspoel-Ferroxcube-3C11

M:0.1364MHz
2:1.01MHz
ek 3- 56 D5MHz

10uH/

48 43pHE -0.17+i 0.93
37.08pH  0.79+i 0.24
-036pH  0.91-i 0.01

‘ d

rd

R Zain 7

41.38ohm r~
281.140hm
1036 240hm ™ 1T

!
[
T

/
| 2
Il -

[IHXBAEH

I Bebhn
Sm 4370 |4 ‘
cal L
Stat =002 Mz Tog Frequency Sweep Stop - 200 Mz
. 511 L= 511 Smith
511 12
28 May 2020 11:13:27 Smoorspoel-Groen
2/ e T T /
r \l——\ﬁz\i\\
1000/ / |1
f
1:0.1016 2_850hm
2:1.01MHz | .85- 28.I4ohm]
3:33.38MHz 2.10pH  0.89+i0.08 695 460hm
RN =
£< B
==l Bt
1l | | e By
Sm 70 |
cal S0 | L+
Stat =002 bz Log Frequency Sweep Stop = 200 MHz
. 511 L 511 Smith
511 12
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10uH/

Sm
Cal

=
TR A

1uHe

40chr/|

Sm
cal

=
TR At

28 May 2020 11:15:48 Smoorspoel-Blauw-Ferroxcube-3C 11

Ie LITT
| IS
[1:01364MHz[  5553uH -0 05+i 0.941 47 460hm {\ 100
2:1.01MHz 3957u0H  0.80+i 021 309 000hm
2=t 3- 56 05MHzZ -0.30pH  0.91-10.01 | 1115970hm [ I TT]
| i "‘g
L~ | ¥
H = =
T A
M TN
(| R ) vy e i N
\f R Bafn
Start =0.02 MHz Log rreque};c"y Sweep Stop = 200 MHz
_0de 511 L 511 Smith
S11121
28 May 2020 11:22:41 FerrietKraal-5x10mm
[1:0.1364MHz"  368uH>-099+ 013 3 140hm
2:1.01MHz 3.95pH~-0.654+i 0.73.  25.100hm
3: 56.06MHz 0.07uH 051+ 0.06 161 480hm{ |
I ._j—— ~
Lot
. ,;__.s-—"ﬂ
Fell
| HuHn
Start = 0.02 MHz Log Fveque‘r;n;-y Sweep Stop = 200 MHz
—ods S11 L~ S11 Smith
SMIZI
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* Info:

e Fair-Rite-Catalog-17th Edition.pdf
e Ferroxcube HB2013.pdf

* Keysight: 16454-90020.pdf

* Reeve-P1-Hagen FerriteBeads.pdf

* Reeve-P2-Hagen-Poulsen FerriteBeads.pdf
* Reeve-P3-Hagen-Poulsen_FerriteBeads.pdf
* RinKkernMetenMetMeetkamer.xls

* neoFerrit_Werkstoffdat.pdf

TDK : eemc_basic_06.pdf

Dank U voor uw aandacht
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http://www.fair-rite.com/files1/Fair-Rite_Catalog_17th_Edition.pdf

