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|ntr oducti on

Hstory

The history of nagnetism began wth the discovery of the
properties of a mineral called nagretite (Fe,0,). The nost
petifu deposits vere found inthe dstrict of Mgnesiain Asia
Mnor (hence the nineral’s nang) where it was observed, cen-
tuies befare the birth of Qrist, that these netwrdly occuring
stones would attract iron. Later on it found gppication in the
| odestone of early navigators. In 1600 WIliamGlbert publ i shed
De Magnete, the first scietific study on nagnetism In 1819
Hans Ghristian QGrsted observed that anelectric current inawre
affected a nagnetic conpass need e, thus wth later contribu
tions by Faraday, Mwxvell, Hertz and others, the newsci ence of
el ect ronagneti smcane i nto bei ng.

Bven though the existence of naturally occurring nagnetite, a
veak type of hard ferrite, had been known since antiquity,
produci ng an anal ogous soft nagnetic nateria inthe laboratory
proved el usive. Research on nagnetic oxides was going on
concurrently during the 1930's, prinarily in Japan and the Neth-
erlands. Hwever, it vas not until 1945 that J. L Swoek of the
Philips’ Research Laboratories in the Netherl ands succeeded in
producing a soft ferrite” nateria for conmercial applications.

Fair-Rte Products Qrp. was not far behind in the nanufacture
adsded soft ferrites for useinthe dectronics industry. It vas
forned in 1952 and officially started operations in 1953 The
ensuing years have seen a rather crude product, which was
available in only a few shapes and naterias, develop into a
nor line of ferrite conponents for inductive devices, produced
in nany core configurations wth a wde selection of naterias.
The application of ferrites in BEM suppression as shield beads
and broadband chokes, where an effective resistive i npedance
is produced at high frequencies, has gromn so fast in the |ast
decade, that their use as BEM suppressors is limted only by the
inagi nation of the end user.

Sft Ferrites

The singe nost inportant characteristic of soft ferrites, as
conpared to other nagnetic naterial's, is the high vol une resis-
tivity exiibited in the nondithic form S nce eddy current |osses
areinversey proportiona toresistivity andthese | osses i ncrease
wth the square of the frequency, high resistivity becones an
essentia factor in nagnetic nateriads intended for high fre
quency operation. The nagnetic properties of ferrite conponents
areisotropic, and by enpl oyi ng vari ous pressing, injection nol d
ing, and/ or grindi ng techni ques, a w de range of conpl ex shapes
can be forned. Thereis noother class of nagnetic naterial that
can natch soft ferrites in perfornance, cost and vol unetric
efficiency, over the range fromaudi o freguenci es to above 500
MHz.

Dring the last 50 years the basic constituents of ferrites have
changed little, but purity of rawnaterias and process contro
have i nproved dranatically. Ferrites are ceranmic naterials wth
the general chemical formla M2Fe,O,, were MDis one or
nore dival ent netal oxides blended wth 48 to 60 nol e percent
of ironoxide. Fair-Rte nanufactures three broad groups of soft
ferrite naterids:

Minganese zinc (Fair-Rte 31, 33, 73, 75, 76, 77 and 78 naterial)
Nckd zinc (Fair-Rte 42, 43, 44, 51, 61, 67 and 68 naterial)
Minganese (Fair-Rte 85 naterial)

Minganese zinc ferrites are conpletely vitrified and have very
low porosity. They have the highest perneabilities and exhibit
vol une resistivities ranging fromone hundred to severa thou
sand ohmcentineter. Minganese zinc ferrite conponents are
used in tuned circuits and nagneti c power designs fromthe | ow
kilohertz range into the broadcast spectrum These ferrites have
a linear expansion coefficient of approxinately 10 ppni °C

The nickel zinc ferrites vary in porosity, and frequently contain
oxides of other netals, such as those of nagnesium nan-
ganese, copper or cobalt. \olune resistivities range fromsev-
eral kilohmcentineter to tens of negohmcentineter. In gener-
a, they are used at higher frequencies (above 1 M), and are
suitablefor lowflux density gpdlications. Nckd zinc ferrites have
a linear expansion coefficient of approxinately 8 ppmi°C

The nanganese ferrite is a dense, tenperature stable naterial
displaying a high degree of squareness in its hysteresis |oop.
This nakes this nateria uniquely suited for such applications as
mitiple output control in swtched-node power supplies and
hi gh fregquency nagnetic anplifiers.

Msis evident fromthe fl owdi agramon page 3, there i s consi der-
abl e processi ng i nvol ved, and the nanufacturing cycle wll take
a mninum of two weeks. The parts listed in the cata og
represent a broad cross section of the wde variety of cores
produced by Fair-Rte Products. Large (BM quantitites are
nanuf actured by Fair-Rteto order. Mst of the nore conmonl y
used parts are stocked by our distributors, offering pronpt
Hiveries. For acoplete listing of or dstribuors visit our site
onthe Internet a wwfair-rite com

Miny of the parts produced by Fair-Rte are nade to cust oner
speci fications, and we wel cone inqui ries invaving application
speci fi c desi gns. Ve have the capability todesigntodingrapidy,
and have it fabricated either by our own tool shop or by outside
vendor s.

*Footnote: The d fference between hard and soft ferrite is not tactile, but rather a nagnetic characteristic.
Soft ferrite does not retain significant nagnetization, whereas hard ferrite nagnetization is consi dered pernanent.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

FAX (883) FHRRTE/ (845 8952629 « wwfair-rite.com e
(883) 337-7483 Note: (914) Area (ode has changed to (845) .

P.Q Box J,(ne Commercial Row, Véllkill, Ny 12589-0288

EMil: ferrites@air-rite com
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Magneti c Properties of

Ferrite Miterial s

Property Uhit Synbol 68 67 61 51* 44
Intid Rermeetility m 20 40 125 350 500
@B <10 gauss
. gauss 2700 2300 2350 3200 3000
Aux Density mT B 270 230 235 320 300
Held h oersted 40 20 15 10 10
@ Srengt Al'm H 3200 1600 1200 800 800
il H . gauss 1000 800 1200 1200 1100
R USR8 mT B, 100 80 120 120 110
) oersted 7.0 35 18 0.60 0.45
Qerci ve Force A m H. 560 280 144 48 36
Loss Factor 10 tan (3/;1i 500 150 30 40 125
@ Fr equency MHz 100 50 10 10 10
Tenperat ure Qefficient of oA o
Iritia Rerrestility (2070 °Q % °C 0.10 0.05 0.10 0.8 0.75
Qurie Tenperature °C T, >500 >475 >350 >170 >160
Rsistivity Qcm p 1x107 1x107 1x108 1x10° 1x10°
Pover Loss Density mw c n? P
25kHz - 2000 G- 100°C - - - - -
100kHz - 1000 G- 100°C - - - - -
Reconmended
Frequency Range MHz
Low fl ux density devi ces. <400 <300 <100 — —
Application BM  suppr essi on. - - >200 <1000 20- 250
Areas Pover nagneti cs. - - - - -
Soeciad square loop ferrite - - - - -
See this page for additi onal 6 7 8 9 10
nateria data

42 Mteria, specificaly devel oped for absorber applications in anechoic chanbers, is listed on page 126.

* NwFair-Rte nateria, added inthis edition of the cata og.
Additional ferrite nechanical and thernal characteristics are tabulated on page 159.
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Magnetic Properties of Ferrite Miterial s

33 43 85 31* 77 78 73 75 76
600 850 900 1500 2000 2300 2500 5000 10000
2800 2900 4200 3400 4900 4800 3900 4300 4000
280 290 420 340 490 480 390 430 400
5 10 10 5 5 5 5 5 5
400 800 800 800 400 400 400 400 400
1200 1300 3700 2500 1800 1500 1500 1400 1800
120 130 370 250 180 150 150 140 180
0.60 0.45 0.50 0.35 0.30 0.20 0.24 0.16 0.12
48 36 40 28 24 16 19.2 13 9.6
25 250 30 20 15 4.5 10 15 15
02 10 01 01 01 01 01 01 0. 025
0.10 125 - 16 07 10 0.65 0.6 0.5
>150 >130 >200 >130 >200 >200 >160 >140 >120
1x102 1x105 2x10? 3x103 1x102 2x10? 1x102 3x10? 50
- — - — 200 <115 - 140 -
= = = = = <130 - — -
<3 <10 - - <3 2.5 - <0.75 <0.5
- 20- 250 - <500 - - <30 - -
- <5 - - <0.1 <0.5 - 0.1 -
- - <0. 15 - - - - - -
11 12 13 14 16 18 20 21 22
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68 Materi al

68 Material Specifications:

Our highest frequer_u:y Nizn ferrite mte_nde_d for broadband transformers, [0 o onit Symbol Value
antennas and HF high Q inductor applications up to 100 MHz. [ T—
This material is only supplied to customer-specific requirements @B <10 gauss i 2
and close consultation with our application staff is suggested. Flux Density gauss B 2700
@ Field Strength oersted H 40
Strong magnetic fields or excessive mechanical stresses may result Residual Flux Density gauss B: 1000
in irreversible changes in permeability and losses. Coercive Force oersted A 7.0
Loss Factor 106 tand/p 500
@ Frequency MHz 100
Te_rr_1perature Cc_)t_efficient of %/°C 0.10
Initial Permeability (20 -70°C)
Curie Temperature °C Te >500
Resistivity Qcm p 1x107
Complex Permeability vs. Frequency
100
'
W's "\\
N
10 f
¥
|
|
IJJS! lJv"s ’
W
1
i
]
7
VA
4
0.1
108 107 108 10°
Frequency (Hz)
Measured on an 18/10/6mm toroid using
the HP 4284A and the HP 4291A.
Initial Permeability vs. Temperature Hysteresis Loop
35 3000
(¢}
30 2500 25°C —
//
P / 100°C
25
2000 d

L—1
i 20 — — // /
L B

|_— (gauss) 1500
15 /
1000

10
5 500 1 /
; i
-50 0 100 200 300 400 500 -10 0 10 20 30 40
Temperature(°C) H (oersted)
Measured on an 18/10/6mm toroid at 100kHz. Measured on an 18/10/6mm toroid at 10kHz.

Faj r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288
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67 Materi al

A high frequency Nizn ferrite for the design of broadband transformers,
antennas and HF, high Q inductor applications up to 50 MHz.

This material is only supplied to customer-specific requirements

and close consultation with our application staff is suggested.

Strong magnetic fields or excessive mechanical stresses may result
in irreversible changes in permeability and losses.

Complex Permeability vs. Frequency

100
\
A\
Ws (RN
N N{
10 \
Wey Ws
W's
1
/
/
0.1
108 107 108 10°

Frequency (Hz)

Measured on an 19/10/6mm toroid using
the HP 4284A and the HP 4291A.

Initial Permeability vs. Temperature

200
150 ﬁ
i
100
50 —
|1
0 L
-50 0 100 200 300 400 500
Temperature(°C)

Measured on a 19/10/6mm toroid at 100kHz.

67 Material Specifications:

Property Unit Symbol Value
Initial Permeability W 40
@ B < 10 gauss '
Flux Density gauss B 2300
@ Field Strength oersted H 20
Residual Flux Density gauss B, 800
Coercive Force oersted H. 3.5
Loss Factor 106 tand/y; 150
@ Frequency MHz 50
Tgmperature ngfficient of %/°C 0.05
Initial Permeability (20 -70°C)
Curie Temperature °C e >475
Resistivity Qcm p 1x107
Hysteresis Loop
2500
25°C /7/
2000 / /,,
1500 /1 /
B /
(gauss)
1000
100°C
500 /
o LZ
-5 0 5 10 15 20

H (oersted)

Measured on a 19/10/6mm toroid at 10kHz.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p
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A high frequency Nizn ferrite developed for a range of inductive
applications up to 25 MHz. This material is also used in EMI applications
for suppression of noise frequencies above 200 MHz.

EMI suppression beads, beads on leads, SM beads, wound beads,
multi-aperture cores, round cable EMI suppression cores, rods,
RFID rods, and toroids are all available in 61 material.

Strong magnetic fields or excessive mechanical stresses may result
in irreversible changes in permeability and losses.

Complex Permeability vs. Frequency

1000
Ws -\\
100 \
II ‘\
/ N ~—
Wss U's \ \\
NI IRN
10 / \
i
J \
/
/
/
1
10¢ 107 108 10°
Frequency (Hz)
Measured on a 19/10/6mm toroid using
the HP 4284A and the HP 4291A.
Initial Permeability vs. Temperature
250
200 ﬂ
W, 150 //
T
100
50
0

-50 0 50 100 150 200 250 300 350 400 450
Temperature(°C)

Measured on a 19/10/6mm toroid at 100kHz.

61 Material Specifications:

Property Unit Symbol Value
Initial Permeability n 125
@ B < 10 gauss '

Flux Density gauss B 2350
@ Field Strength oersted H 15
Residual Flux Density gauss B, 1200
Coercive Force oersted He 1.8
Loss Factor 106 tand/p; 30
@ Frequency MHz 1.0
Tgmperature C(l)f-)fficient of %/°C 0.10
Initial Permeability (20 -70°C)

Curie Temperature °C Te >350
Resistivity Qcm p 1x10°8

Percent of Original Impedance vs. Temperature

125
100 A
~ Se=—_50MHz
\
———100mHz
75 250MHZ
(%)
50
25
0
40 -20 0 20 40 60 80 100 120 140
Temperature(°C)
Measured on a 2661000301 using the HP4291A.
Hysteresis Loop
2500
=
= ﬁ
|
2000 i
25°C // 4
/ 100°G
1500
B
(gauss)
1000
500
0
-2 0 2 4 6 8 10 12 14 16

H (oersted)

Measured on a 19/10/6mm toroid at 10kHz.

Fair-Rte Products Corp.

(888) FAR RTE / (845) 895-2055 -
(888) 324-7748

Phone:

P.Q Box J, (he Conmerci al
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51 Materi al

51 Material Specifications:

A new Nizn ferrite developed for low loss inductive designs Property onit Symbol Value
for frequencies up to 5.0 MHz. — "
Initial Permeability n 350
@ B < 10 gauss '
Flux Density gauss B 3200
@ Field Strength oersted H 10
Residual Flux Density gauss B, 1200
Coercive Force oersted Hc 0.60
Loss Factor 106 tand/p; 40
@ Frequency MHz 1.0
Temperature Coefficient of %/°C 0.8
Initial Permeability (20 -70°C) '
Curie Temperature °C Te >170
Resistivity Qcm o 1x10°
Complex Permeability vs. Frequency
1000 :
T
T
W's
™
/1 N
100 / N
l'
N\
AN
Wer W's /
W
10 =
/I
174
1 i
[ —
1
10° 10° 107 108
Frequency (Hz)
Measured on a 17/10/6mm toroid
using the HP 4284A and the HP 4291A.
Initial Permeability vs. Temperature Hysteresis Loop
1000 3500
3000 =
800 /¢/
7/
2500 /‘
. 25°C
Hi 600 5 2000
v (gauss) //
P 1500 A 1/
400 o v / hdodc
1000 / /
L —1 /
200
500
. . | /
-50-25 0 25 50 75 100 125 150 175 200 -0.5 0 0.5 1 5 10
Temperature(°C) H (oersted)
Measured on a 17/10/6mm toroid at 100kHz. Measured on a 17/10/6mm toroid at 10kHz.
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44 Nat eri al

44 Material Specifications:

A NiZn ferrite developed to c_ombine a high suppr_es_si_on performance, Property Unit Symbol value
from 30 MHz to 500 MHz, with a very high dc resistivity. — "
Initial Permeability ™ 500
@ B < 10 gauss '
SM beads, PC beads, wound beads, split round cable EMI suppression Flux Density gauss B 3000
cores, round cable snap-its, and connector EMI suppression plates @ Field Strength oersted H 10
are all available in 44 material. Residual Flux Density gauss B, 1100
Coercive Force oersted Hc 0.45
Loss Factor 106 tand/p,; 125
@ Frequency MHz 1.0
Temperature Coefficient of %/°C 0.75
Initial Permeability (20 -70°C) ’
Curie Temperature °C Te >160
Resistivity Qcm p 1x10°
Complex Permeability vs. Frequency Percent of Original Impedance vs. Temperature
1000 125
—]
[ uvs S
e 100 — B— ~—
5MHz
// w\\ \
100 / A N
ya 50 Z
Vi h 75 \\ N \
o 7***”"’%**”””7**# N (%) 1(0MH2\
Wss W's % “
q 50
1
10 ol
25
1 0
5 6 7 8
10 10 10 10 40 -20 O 20 40 60 80 100 120
Frequency (Hz) Temperature(°C)
Measured on a 17/10/6mm toroid
using the HP 4284A and the HP 4291A. Measured on a 2644000301 using the HP4291A.
Initial Permeability vs. Temperature Hysteresis Loop
1000 3500
3000
800 p==
v A
/ 2500 7

~N

400 / 1500 /’
d
1000 // i
500 Vi

: : /

200

) |
W 600
/// \\ (ga%ss) o y/‘ | e
\
\
\

50 -25 0 25 50 75 100 125 150 175 200 -0.5 0 0.5 1 5 10
Temperature(°C) H (oersted)
Measured on a 17/10/6mm toroid at 100kHz. Measured on a 17/10/6mm toroid at 10kHz.
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33 Materi al

An economical Mnzn ferrite designed for use in open circuit
applications for frequencies up to 3.0 MHz.

Rods are available in 33 material.

Note: This material is not recommended for new designs.

Complex Permeability vs. Frequency
10000

1000 Hs

u'ss u"s y
N
100 / \

LT

10

10° 108 107 108
Frequency (Hz)

Measured on a 17/10/6mm toroid
using the HP 4284A and, the HP 4291A.

Initial Permeability vs. Temperature

1000

800 —

400

\

K, 600 \
\

\
\

200

0
-50-25 0 25 50 75 100 125 150 175 200
Temperature(°C)

Measured on a 17/10/6mm toroid at 100kHz.

33 Material Specifications:

Property Unit Symbol Value
Initial Permeability ™ 600
@ B < 10 gauss '
Flux Density gauss B 2800
@ Field Strength oersted H 5
Residual Flux Density gauss B, 1200
Coercive Force oersted H. 0.60
Loss Factor 106 tand/p; 25
@ Frequency MHz 0.2
Tgmperature ngfficient of %/°C 0.10
Initial Permeability (20 -70°C)
Curie Temperature °C Te >150
Resistivity Qcm P 1x102
Hysteresis Loop
3000
2500 /’
2000 25°C A
L/ —= |
v o /
B
(gauss) 1500 ,/ [
/ 100°C
1000 // 7
500
0
-0.5 0 0.5 1 3 5

H (oersted)

Measured on a 17/10/6mm toroid at 10kHz.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p

Phone: (888) FAIR RTE / (845) 895-2055 + FAX (888 FHRRTE/ (845 8952629 -
(883) 337-7483 Note: (914) Area (ode has changed to (845) .

(888) 324-7748

wwfair-ritecom « EMil: ferrites@air-rite com
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43 Material Specifications:
This NiZn is our most popular fern?e for suppression of condupted . Property Uit Symbol Value
EMI from 20 MHz to 250 MHz. This material is also used for inductive = "
. X . Initial Permeability n 850
applications such as high frequency common-mode chokes. @B <10 gauss ‘
Flux Density gauss B 2900
EMI suppression beads, beads on leads, SM beads, multi-aperture @ Field Strength oersted H 10
cores, round cable EMI suppression cores, split round EMI suppression | Residual Flux Density gauss Br =00
cores, round cable snap-its, flat cable EMI suppression cores, Coercive Force °er5‘§d He 045
flat cable snap-its, miscellaneous suppression cores, bobbins, Loss Factor 10 tandk, 250
. . . . @ Frequency MHz 1.0
and toroids are all available in 43 material. —
Temperature Coefficient of %/°C 1.25
Initial Permeability (20 -70°C)
Curie Temperature °Cc Te >130
Resistivity Qcm P 1x10°

Complex Permeability vs. Frequency

10000
1000 Ws
Wes W' Euas
K] NN
100 \ N
\\
AN
N\
N
A'
10
108 108 107 108

Frequency (Hz)

Measured on a 17/10/6mm toroid
using the HP 4284A and the HP 4291A.

Initial Permeability vs. Temperature

2000
1600
/|
u; 1200 // \
800 // \\
400 /,/ \
0
50 25 0 25 50 75 100 125 150
Temperature(°C)

Measured on a 17/10/6mm toroid at 100kHz.

Percent of Original Impedance vs. Temperature

125
\
T
100
|_—1 §25MH
N
75 \\WQ ~
(%) 100M%\
\
50
25
-40 -20 0 20 40 60 80 100 120
Temperature(°C)
Measured on a 2643000301 using the HP4291A.
Hysteresis Loop
3000
ﬁ’
/744
2500
2000

B
(gauss) 1500

?

i f
1000 / ’/ |
500 / //lOOOC
/AN
-0.5 0 0.5 1 5 10

H (oersted)

Measured on a 17/10/6mm toroid at 10kHz.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

P.Q Box J, (he Conmerci al

FAX (833) FERRTE/ (845 8952629 -«
(883) 337-7483 Note: (914) Area (ode has changed to (845) .

wwfar-rite.com e

Row, Véllkill,

NY 12589- 0288
EMil: ferrites@air-rite com
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85 Materi al

A square hysteresis loop Mn ferrite developed for use in
output regulators and magnetic amplifier designs.

Toroids are available in 85 material.

Complex Permeability vs. Frequency

10000
1000 He
' " /’\*\\
Wss U's / ™

W
\\\

100 m

Ws

/'
//
I
!
//
10 4
104 108 10¢

Frequency (Hz)

Measured on a 13/8/6mm toroid at 25°C
using the HP 4284A and the HP 4291A.

107

Initial Permeability vs. Temperature

6000

5000

/)

4000

M

\

3000

2000

1000

\
\
\
\
\
\
|

0
50 -25 0

Measured on a 13/8/6mm toroid
at 100kHz using the HP 4275.

25 50 75 100 125 150 175 200 225 250
Temperature(°C)

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p

. FAX (883) FERRTE/ (845 8952629 »

Phone:
(888) 324-7748

(888) FAR RTE / (845) 895-2055

85 Material Specifications:

Property Unit Symbol Value
Initial Permeability ™ 900
@ B < 10 gauss '
Flux Density gauss B 4200
@ Field Strength oersted H 10
Residual Flux Density gauss B, 3700
Coercive Force oersted H. 0.50
Loss Factor 106 tand/y; 30
@ Frequency MHz 0.1
Temperature Coefficient of %/°C —
Initial Permeability (20 -70°C)
Curie Temperature °C Te >200
Resistivity Qcm p 2x102
Hysteresis Loop
4500
4000 camill
25°C /.-———’——/
3500 // //
3000 4
/ 100°C /
B ]
(gauss)
2000
1500
1000
500
0
-0.5 0 0.5 1 5 10

H (oersted)

Measured on a 13/8/6mm toroid at 10 kHz.

wwfar-rite.com e

(883) 337-7483 Note: (914) Area (ode has changed to (845) .

EMil: ferrites@air-rite com
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85 Materi al

Power Loss Density vs. Flux Density

Power Loss Density vs. Temperature

10000 1000
\\
800 Qe 06
4D0 kHiz / L
1000 ; ) 100 kHiz AN
2 600 50 kHz, 1500 G
P / 7 P
(mW/cm3) 25 KHz (mW/cms3)
/ 7 // 400 25 Kz, 2000 G B
10|KH;z
100 L LA / ~— D
7 VA 7
VA
—
/ 200 —— 10k 2008 ]
\
10 0
10 100 1000 10000 -25 0 25 50 75 100 125
Flux Density (gauss) Temperature(°C)

Measured on a 13/8/6mm toroid at 25°C
using a Clark Hess 258 VAW.

Measured on a 13/8/6mm toroid
using a Clark Hess 258 VAW.

Flux Density, Coercive Force and
Squareness Ratio vs. Temperature

5000 1.00
4500 | 0.90
4000 0.80 °r
3500 — —~ 070
B 3000 \\ 0.60
(gauss) 2500 \\ 0.50
2000 ™~ 0.40
H, =
1500 0.30 ( He 0
oerstel
1000 1 0.20
500 0.10
0 0.00
25 0 25 50 75 100 125
Temperature (°C)
Measured on a 13/8/6mm toroid at
10 kHz. B is measured at H=10 oersted.
Fair - H te P OdUCt S (bl’ p P.Q Box J, ne Conmercial Row, VMllkill, NY 12589-0288

Phone: (888) FAIR RITE / (845) 895-2055 - FAX

(888) 324-7748

(883) FHRRTE/ (845) 8952629 -

ww fair-rite com

EMil: ferrites@air-rite com

(883) 337-7483 Note: (914) Area (ode has changed to (845) .
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31 Materi al

31 Material Specifications:

A new MnZn ferrite designed specifically for EMI suppression_ Property Unit Symbol Value
applications from as low as 1 MHz up to 500 MHz. This material does - "
. . R . . Initial Permeability ™ 1500
not have the dimensional resonance limitations associated with @B < 10 gauss !
conventional MnZn ferrite materials. Flux Density gauss B 3400
@ Field Strength oersted H 5
EMI suppression beads, round cable EMI suppression cores, Residual Flux Density gauss B 2500
round cable snap-its, flat cable EMI suppression cores, and flat cable Coercive Force Oersfd He 035
shap-its are all available in 31 material. Loss Factor 10 tand/u, 20
@ Frequency MHz 0.1
Temperature Coefficient of %/°C 16
Initial Permeability (20 -70°C) '
Curie Temperature °C Te >130
Resistivity Qcm P 3x10°
Complex Permeability vs. Frequency Percent of Original Impedance vs. Temperature
10000 120
10MHz
100 25| HA
<
“—‘s \Q\ \ \
1000 N 80 oo\
= ANANIN
- — N (%) lOOMI—z\\\\\
Wss U's Ws NN~ 60 N \
/ NN N \
100 _/ N 40 N\
4 \
\
20
10 5 6 7 8 0
10 10 10 10 40 20 0 20 40 60 80 100 120
Frequency (Hz) Temperature(°C)
Measured on a 17/10/6mm toroid at
25°C using the HP 4284A and the HP 4291A. Measured on a 2631000301 using the HP4291A.
Initial Permeability vs. Temperature Hysteresis Loop
5000 3500
/™N\ — |
250C /7
3000
4000 / ]
/ 2500 /
3000 /
Wi / 5 2000 1009C
/ (gauss) I
2000 // 1500 T
/ I
L~ 1000
1000 -
v 500
0 0
-50 0 50 100 150 05 0 05 1 3 5
Temperature(°C) H (oersted)
Measured on a 17/10/6mm toroid at 100kHz. Measured on a 17/10/6mm toroid at 10kHz.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .
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77 Material Specifications:
A MnZn ferrite for use in a wide range of high and low flux density Property onit Symbol Value
inductive designs for frequencies up to 100 kHz. — "
Initial Permeability W, 2000
@ B < 10 gauss '
Pot cores, EP cores, PQ cores, ETD cores, E&I cores, U cores, rods, Flux Density gauss B 4900
tack bobbin cores, toroids, and bobbins are all available in 77 material. @ Field Strength oersted H 5
Residual Flux Density gauss B, 1800
Coercive Force oersted H¢ 0.30
Loss Factor 106 tand/p, 15
@ Frequency MHz 0.1
Temperature Coefficient of %/°C 07
Initial Permeability (20 -70°C) '
Curie Temperature °Cc e >200
Resistivity Qcm P 1x10?
Complex Permeability vs. Frequency
10000
Ws
1000 -
\\ N
N
AN
1 " N
lls’ ll s
W
100 = ¢
7 A |
1|
A
'/
prd
/
10
104 108 10¢ 107
Frequency (Hz)
Measured on an 18/10/6mm toroid
using the HP 4284A and the HP 4291A.
Initial Permeability vs. Temperature Hysteresis Loop
4000 5000
/f
3500 //
4000 /
3000 P
L p e, ] /1
2500 v — / |
W, 3000 7
B /
2000 (gauss) / / 100°C
Y. 2000 7/ /
1500 P 4
1000 /
1000 /
500
0 0
-50 0 50 100 150 200 250 0.5 0 0.5 1 3 5
Temperature(°C) H (oersted)

Measured on an 18/10/6mm toroid at 100kHz.

Measured on an 18/10/6mm toroid at 10kHz.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

P.Q Box J, (he Conmerci al

FAX (833) FERRTE/ (845 8952629 -«
(883) 337-7483 Note: (914) Area (ode has changed to (845) .

wwfar-rite

Row, Véllkill,

com e

NY 12589- 0288
EMil: ferrites@air-rite com
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77 NMateri al

Amplitude Permeability vs. Flux Density
10000

8000

100° :'/—\

N
6000 / AN
25°C /-——A

4000 \

Ha

2000

0 500 1000 1500 2000 2500 3000 3500
B (gauss)

Measured on an 18/10/6mm toroid at 10kHz.

Power Loss Density vs. Temperature

300
250 /
50kHz,|1500G /
200 //
—]
P 150 \ //
(mW/cms3) /
— [ 25kHz,2000G
100
50
0

0 20 40 60 80 100 120
Temperature(°C)

Measured on an 18/10/6mm toroid using the
Clarke Hess 258 VAW.

Power Loss Density vs. Flux Density

10000
TOOKHZ
1000 w4
S sk
A4
// 20kHz
P 100 = ,/
(mW/cm3) £ TOKHZ
y iy
yARED A4
T/ /
4
10 AL
1
100 1000 10000
B (gauss)
Measured on an 18/10/6mm toroid using the
Clarke Hess 258 VAW at 100°C
Flux Density vs. Temperature
6000
5000 — \
4000 N
B
(gauss) \
3000
2000
1000
0

-25 0 25 50 75 100 125
Temperature (°C)

Measured on an 18/10/6mm toroid at 10kHz
and H=5 oersted.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .
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78 Materi al

A MnZn ferrite specifically designed for power applications for
frequencies up to 200 kHz.

RFID rods, toroids, pot cores, EP cores, PQ cores, ETD cores,
U cores, and E&I cores are all available in 78 material.

Complex Permeability vs. Frequency

10000
Us BT
N TN
1000 /.\\ \\
\ \
\ N
Wss W's
u"
100 \
/
)4
10
104 10° 108 107

Frequency (Hz)

Measured on an 18/10/6mm toroid
using the HP 4284A and the HP 4291A.

Initial Permeability vs. Temperature

5000
N
4000 —— ’/
|
//
W; 3000 //
//
2000 / /
/
|~
1000
0
-50 0 50 100 150 200 250
Temperature(°C)

Measured on an 18/10/6mm toroid at 100kHz.

Fair-Rte Products Corp.

(888) FAR RTE / (845) 895-2055 -
(888) 324-7748

Phone:

78 Material Specifications:

Property Unit Symbol Value
Initial Permeability n 2300
@ B < 10 gauss '
Flux Density gauss B 4800
@ Field Strength oersted H 5
Residual Flux Density gauss B, 1500
Coercive Force oersted H¢ 0.20
Loss Factor 106 tand/p,; 45
@ Frequency MHz 0.1
Te_rr_1perature Cc_)c_afficient of %/°C 1.0
Initial Permeability (20 -70°C)
Curie Temperature °C Te >200
Resistivity Qcm P 2x102
Hysteresis Loop
5000
-
5o
4000 2c s/
3000 / —
B 100°C
(gauss)
2000 /
1000 /
0
-0.5 0 0.5 1 3 5

H (oersted)

Measured on an 18/10/6mm toroid at 10kHz.

P.Q Box J, (he Conmerci al

FAX (833) FERRTE/ (845 8952629 -«
(883) 337-7483 Note: (914) Area (ode has changed to (845) .

Row, wvéllkill,
wwfar-rite.com e

NY 12589- 0288
EMil: ferrites@air-rite com




14th Edition

19

78 Materi al

Amplitude Permeability vs. Flux Density
10000

0
8000 100°C

6000
u /
a 25°C N

4000 \

2000

0 500 1000 1500 2000 2500 3000 3500
B (gauss)

Measured on an 18/10/6mm toroid at 10kHz.

Power Loss Density vs. Temperature
250

200

150

N
\ <)0k Hiz, 1000G
AN

P

A\
e 100 \\\\ /

25kHz| 2000G &g :/V

50

0 20 40 60 80 100 120
Temperature(°C)

Measured on an 18/10/6mm toroid using the
Clarke Hess 258 VAW.

Power Loss Density vs. Flux Density

10000
200kHZ
1000 .
/4 100kH
—
v |/ Jso ITS
P /
(mW/cm3) / F—F25k
7 7
]/ 7
V4 A /
A
=
4
1
100 1000 10000
B (gauss)

Measured on an 18/10/6mm toroid using the
Clarke Hess 258 VAW at 100°C

Flux Density vs. Temperature
6000

5000

4000

B
(gauss) \

3000

2000

1000

0
-25 0 25 50 75 100 125

Temperature (°C)

Measured on an 18/10/6 mm toroid at 10kHz
and H=5 oersted.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .
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73 Material Specifications:
A MnZn ferrlte_, supplied only in small cores, to suppress conducted Property Unit Symbol Value
EMI frequencies below 30 MHz. ” -
Initial Permeability ™ 2500
@ B < 10 gauss '
EMI suppression beads, beads on leads, SM beads, and multi-aperture Flux Density gauss B 3900
cores are all available in 73 material. @ Field Strength oersted H 5
Residual Flux Density gauss B, 1500
Coercive Force oersted Hc 0.24
Loss Factor 106 tand/y, 10
@ Frequency MHz 0.1
Temperature Coefficient of %/°C 0.65
Initial Permeability (20 -70°C) ’
Curie Temperature °C Te >160
Resistivity Qcm p 1x102

Complex Permeability vs. Frequency

10000
Us
A
1000 AN
N
\\
uvs’ uus \\
ws \| N
100 \
. \
/ \
ol \
T \
/
10
10¢ 105 10¢ 107 10¢

Frequency (Hz)

Measured on a 2673000301 bead using the
HP 4284A and the HP 4291A.

Initial Permeability vs. Temperature

5000
4000 N
P4
/]
Wi 3000 74 \
//
pd
2000 P
/1
1000 \\
0
-40 0 40 80 120 160 200
Temperature(°C)

Measured on a 17/10/6mm toroid at 10kHz.

Percent of Original Impedance vs. Temperature

125
[
100
// \ww—u
75 TR
(%) 25MHz \
50
25
0
40 -20 0 20 40 60 80 100 120 140
Temperature(°C)
Measured on a 2673000301 using the HP4291A.
Hysteresis Loop
4000
=
3500 S Zadl
L /
3000 by
280c YV /
2500 Ay s’
B
(gauss) 2000 [/ t1oc
1500 /
1000 / /
500 /
0
-0.5 0 0.5 1 3 5

H (oersted)

Measured on a 17/10/6mm toroid at 10kHz.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

P.Q Box J, (he Conmerci al

FAX (833) FERRTE/ (845 8952629 -«
(883) 337-7483 Note: (914) Area (ode has changed to (845) .

Row, wvéllkill,
wwfar-rite.com e

NY 12589- 0288
EMil: ferrites@air-rite com
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75 Materi al

A high permeability MnZn ferrite intended for a range of broadband
and pulse transformer applications and common-mode inductor designs.

Toroids, E&I cores, and EP cores are all available in 75 material.

Complex Permeability vs. Frequency

10000
H-'s N
ATNIN
/ N
1000 / \ N
/ \
7/ \ \
// \
IJJS! lJv"s \
A W's
100
10
10* 10° 106 107
Frequency (Hz)
Measured on a 17/10/6mm toroid
using the HP 4284A and the HP 4291A.
Initial Permeability vs. Temperature
10000

8000 //
]

W, 6000 /
4000 /

i

2000

0
-50 -25° 0 25 50 75 100 125 150 175200
Temperature(°C)

Measured on a 17/10/6mm toroid at 10kHz.

75 Material Specifications:

Property Unit Symbol Value
Initial Permeability W, 5000
@ B < 10 gauss '

Flux Density gauss B 4300
@ Field Strength oersted H 5
Residual Flux Density gauss B, 1400
Coercive Force oersted Hc 0.16
Loss Factor 106 tand/p, 15
@ Frequency MHz 0.1
Te_rr_1perature C(_Jt_efficient of %/°C 0.6
Initial Permeability (20 -70°C)

Curie Temperature °C Te >140
Resistivity Qcm p 3x102

Power Loss Density vs. Flux Density

10000
100
4
1000 A 2
s
h/ 200
K kHz
100 e, s eraz
3 / II 7
P (mW/cm3) /, V4 ~
10 =
/
Vi
1 =
0
10 100 1000 10000
B (gauss)
Measured on a 17/10/6mm toroid using the
Clarke Hess 258 VAW at 100°C.
Hysteresis Loop
4500
l’-
4000
3500
25°C
3000 VAR
/ 100°C
B 2500 =
(gauss)
2000 / 74
1500 [
1000 /
500 / /
0
-0.5 0 0.5 1 3 5

H (oersted)

Measured on a 17/10/6mm toroid at 10kHz.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com

(888) 324-7748

(883) 337-7483 Note: (914) Area (ode has changed to (845) .
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76 Material Specifications:

A MnZn ferrite with a 10K permeability and an accepta_ble Curie Property Unit Symbol Value

temperature for broadband and pulse transformer designs and - —

. X Initial Permeability W, 10000

common-mode choke applications. @B <10 gauss '
Flux Density gauss B 4000

Toroids are available in 76 material. @ Field Strength oersted H 5
Residual Flux Density gauss B, 1800
Coercive Force oersted Hc 0.12
Loss Factor 106 tand/p; 15
@ Frequency MHz 0.025
Temperature Coefficient of %/°C 05
Initial Permeability (20 -70°C) ’
Curie Temperature °C Te >120
Resistivity Qcm p 50

Complex Permeability vs. Frequency

100000
uY
10000 =
N
N\
—N
' " 7/
Wss U's //’ \\ N
N N
1000 Hs / N
/I
V1
I
100
10° 104 10 106

Frequency (Hz)

Measured on a 17/10/6mm toroid
using the HP 4284A and, the HP 4291A.

Initial Permeability vs. Temperature
15000

12500 AN

//

10000

D%

7500 /

/

5000 /

2500

-50 -25 0 25 50 75 100 125 150
Temperature(°C)

Measured on a 17/10/6mm toroid at 10kHz.

Fair-Rte Products Corp.

(888) 324-7748

Amplitude Permeability vs. Flux Density

24000
20000
10p°C
16000 // AN
.
252C
%a 12000 /// \\\

8000 \
4000 \ \
0

0 500 1000 1500 2000 2500 3000 3500 4000
B (gauss)

Measured on a 17/10/6mm toroid
using the HP 54510A.

Hysteresis Loop
4500

4000

3500
0
3000 Eoss /|

B 2500
(gauss) / /
2000 / 1009C

| —1
L1

1500 / —

1000 I

500 I

—

-0.5 0 0.5 1 5 10
H (oersted)

Measured on a 17/10/6mm toroid at 10kHz.

P.Q Box J,(ne Commercial Row, Véllkill, Ny 12589-0288
Phone: (888) FAIR RTE / (845) 895-2055 « FAX (838) FERRTE/ (845) 8952629

wwfair-ritecom « EMil: ferrites@air-rite com
(883) 337-7483 Note: (914) Area (ode has changed to (845) .
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EM Suppressi on Beads

Listed in ascending order of “B’ di nension.

Far-Rte offers a broad sel ection of BM suppressi on beads wth guarant eed i npedance speci fi ca-
tions over a wde frequency range.

e Beads wth a “1" asthelast digit of the part nunier
are not burnished, those wththe last dgit “2 are suppied B
burni shed to break the sharp edges.

« Beads can be supplied Paryl ene coated upon request. %
Thelast ddgt of the Parylene coated part nunbber is a “4".
The nini numcoating thi ckness for beads is 0. 005nm (.002"). A ~—— C ————=
See page 159 for nateria characteristics of Parylene C

e The “H co unm gi ves for each bead size the calcu ated dc hias fieldin
oersted for 1turnand 1 anpere direct current. The actud dc Hfieldin
the gpplicationis thisvaue of “H tines the actual N (anpere - turn) product. For the effect of the dc bias on the i npedance
of the bead naterial, see the graphs on pages 179-180, F gures 16-20.

e For typica inpedance vs. frequency curves for these parts, see FHgures 1-6.

e Beads are controlled for inpedance linmts only. They are tested for inpedance wth a single turn, using the Hewett Packard
HP 4193A \ector | npedance Meter for beads in 73, 31, and 43 material and the HP 4191A R | npedance Anal yzer for
61 nateria beads.

e For larger size cores, please refer to our Round Gabl e BEM Suppressi on Gxres section found on pages 94-97.

e For any BM suppression bead requirenent not listed in the catal og, please contact our custoner service group for
availahlity ad pricing

« The EM Suppression Bead Kit (part nunber 0199000019) contains a sel ection of these cores.

See page 92.
Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.) Impedance(Q)
Part Number** A B C* Wt (g) | H(Oe) 10 MHz 25 MHz 100 MHz 250 MHz
2673901301 | 0.95:0.05 0.45+0.1 3.8:0.2 .01 6.0 13 Min. | 24+20% - s
.036 .020 .150
2673903301 1-(_’0'3%05 0-4_%;3-15 5-?;2%25 01 | 57 19 Min. | 35+20% - -
2673004601 Lt 0o 4193 01 | 47 | 10Min. | 19+20% - -
2643004601 1-_{);131 0-?5;80-1 4-_11ég-3 01 47 - 10 Min. | 31 Typ? -
2673004701 | PSSO | OO 23845 1 o1 | 40 | 10Min. | 17+20% - -
2643004701 | 4505 | 0101 23045 01 | 40 - | 10Min. | 26Typ! | -
2643004101 3o’ 0o Dt | AT a1 | 26 - 39 Min. | 70 Typ! -
2643004201 | 22302 070l | 8305 | 2o | 26 - | 78min. | 140Typl| -
**Bold part numbers designate preferred parts. 1 Guaranteed Z Min is Z Typ -20%

*This dimension may be modified to suit specific applications.
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EM Suppressi on Beads

Listed in ascending order of “B’ di nension.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)
Part Number+ A B c* Wt(g) | H©Oe) | 10MHz | 25MHz | 100MHz | 250 MHz
2673030101 | 124013 08401 33045 | o1 | 41 | 11Min. | 21:20% - -
2673025301 | %5, 01 08491 | 3802 | 01 | 40 | 8Min |15:20% - -
2673010101 | 195792 08t | 10924 | 08 | 33 | a4min. | 77:20% - -
2643706001 | -2 080 | 2T 2% | 06 | 25 - 21 Min. | 45 Typ! -
2673025001 | 142200 08501 3820.2 02 | 36 | 10Min. |20£20% - -
2643020501 | TO%00% | 0801 1 368°025 1 52 | 34 - 17 Min. | 35 Typ! -
2673004801 21,01 085> | 29,04 | 03 [ 31 | 16Min. |28+20% - -
2643004801 2'1.68%15 0-?5;2-1 2-?1'005-45 .03 3.1 - 14 Min. | 31 Typ? -
2673028602 2'1.Sé20'1 0-*_35;)-1 5-?;20615 .09 2.7 25 Min. | 50+20% - -
2673012401 | OooiOt | 09AS | 42025 1 g5 | 33 9 Min. | 19+20% - -
2673002201 1-?87'20-2 1-?(;5:30-1 10-_‘:—1%-25 .08 2.9 30 Min. | 55+20% - -
2643002201 19592 LOSHOL | 1094025 1 08 | 29 - 27 Min. | 58 Typl -
2673000501 20,015 100401 | 165-025 1 o1 | 28 6 Min. | 12+20% - -
2643000501 | 20;%1° 10091 | 16852 | o1 | 28 - 7Min. | 22 Typ? -
2673000201 2-967%15 1-‘_’;:??-1 3?1150625 .03 2.8 15 Min. | 27+20% - -
2643000201 20,015 LOoHO-1 38025 | 03 | 28 - 13 Min. | 31 Typt -
2673000101 3:f§g-2 1:8;2-1 3-'{512%25 10 2.0 20 Min. | 35+20% - -
2643000101 3oy Lol | 32025 1 10 | 20 - 21 Min. | 40 Typ? -
2661000101 35007 13801 | 32925 1 10 | 20 - - 22 Min. | 43+20%
2673000301 35202 13201 | 00925 | 18 | 20 | 35Min. | 62£20% - -
2643000301 35202 13201 60292 | 18 | 20 - 37 Min. | 60 Typ! -
**Bold part numbers designate preferred parts. 1 Guaranteed Z Min is Z Typ -20%

*This dimension may be modified to suit specific applications.
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EM Suppressi on Beads

Listed in ascendi ng order of “B’ di nension.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)

Part Number** A B C* Wt (g) | H (Oe) 10 MHz 25 MHz 100 MHz 250 MHz
2661000301 3502 18201 00X | 18 | 20 - - 40 Min. | 70+20%
2673000701 3_-%3-2 1_-3;5-1 12-_;%%35 38 2.0 70 Min. | 125+20% - -
2643000701 35202 13201 | 1272035 | 38 | 20 - 71Min. | 125Typl| -
2661000701 35202 13201 | 1272035 | 38 | 20 - - 100 Min. | 170£20%
2643200101 >1%0.25 144025 | 34-045 | 19 | 15 - 24 Min, | 41 Typ! -
2673022401 5'.1500625 1-{%;2-25 6-3.521;8-25 .38 1.5 43 Min. | 58+20% - -
2643022401 5'_15000-25 1'4_%‘;32'25 6'3‘%%25 .38 1.5 - 44 Min. | 82 Typ? -
2661022401 5'.1500625 1'4%23'25 6-3.52‘;%25 38 15 - - 45 Min. | 85+20%
2673021801 | LA | 14025 | 111035 1 67 | 15 | 75Min. |110420% | - -
2643021801 | 025 | 1AM0Z5 | 111035 | g7 | 15 - 77 Min. | 131Typ! -
2661021801 | °oo2® | LAO02S | LI035 1 57 | 15 - - 95 Min. | 163+20%
2643023801 5'.1500625 1-‘{%‘&2-25 22-§95§g-75 1.4 1.5 - 154 Min. | 266 Typ?! -
2661023801 | 5025 | L4025 ) 2289075 144 | 15 - - | 190 Min. |326+20%
2643001501 35202 1oL | 32203 | g0 | 17 - 17 Min. | 35 Typ? -
2643025601 35202 1o201 005025 18 | 17 - 30 Min. | 55 Typ! -
2643023201 285201 LO015 | 3722025 | 06 | 1.8 - 12 Min. | 30 Typ? -
2673018001 285201 LO015 | 0058025 | 12 | 18 23 Min. | 41£20% - -
2673004901 285201 1054015 | 10454025 | 18 | 1.8 | 32Min. | 58+20% - -
2643013801 3'_?2‘;-2 1-6%*7%25 4-051%%25 12 | 16 - 19 Min. | 38 Typ! -
2673001601 | >°9501% | 1E3025 1 33-94 1 09 | 16 | 13Min. | 24+20% - -
2643001601 | 3°%°0.45 | 1654025 ) 33°04 1 09 | 16 - 15 Min. | 30Typ? -

**Bold part numbers designate preferred parts. lGuaranteed Z Min is Z Typ -20%

*This dimension may be modified to suit specific applications.
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EM Suppressi on Beads

Listed in ascending order of “B’ di nension.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)

Part Number* A B c* wt(g) | H©Oe) | 10MHz | 25MHz | 100 MHz | 250 MHz
2643001301 | 3595045 | 1.6540.25 | 5.9520.25 18 | 16 - 25 Min. | 48 Typ! -
2673015301 | 41/0.25 182015 | 6.85:0.25 26 1.5 33 Min. | 54+20% - -
2643005701 >1%0.25 23002 12.720.35 81 | 12 - 62 Min. | 120 Typ? -
2673000801 e 225025 | 755025 1.0 | 1.0 | 38Min. | 52+20% - -
2643000801 7%90625 2254025 7-552’3‘;-25 1.0 1.0 - 50 Min. | 92 Typ! -
2643300101 7.620.25 2251025 | 1512975 2.1 1.0 - 92 Min. | 200 Typ?! -
2673200201 5-?218)5-15 2-6_51’(1)‘;-25 20-.‘?3*12-75 1.3 1.1 70 Min. | 125+20% - -
2673003201 >6.9° 20580.25 | 127405 87 | 11 | 47Min. | 85:20% - -
2643003201 >0 00 20540.25 | 127205 87 | 11 - 50 Min. | 88 Typ! -
2643250402 6-?2’;%-15 2-?51;%45 12_5500-5 1.2 91 - 55 Min. | 102 Typ? -
2643250302 6-?32%-15 2-9_51;%45 15.69;50'5 1.5 91 - 68 Min. | 122 Typ! -
2631250202 | 352015 | 299:045 | 2544075 25 | 91 | 72Min. | 110 Min. | 230+20% -
2643250202 | 0352045 | 299045 | 2ADTS | o5 | o1 - 108 Min. | 200 Typ! -
2643375102 952025 o | 00 14 | .60 - 28 Min. | 50 Typ! -
2643375002 952 Sl 145706 3.1 60 - 62 Min. | 115 Typ! -
2643006302 952025 4TS | 1042025 22 | .60 - 42 Min. | 80 Typ! -
2643023402 95002 ATS | 1o00As 34 | .60 - 66 Min. | 120 Typl -
2643023002 95:0.25 47303 | 190507 1 41 | 60 - 80 Min. | 145 Typl -
2673002402 | %05:02° 50102 | 505°045 1 11 | 59 [ 15Min. | 20£20% - -
2643002402 | *°502° 20202 | P04 | 11 | 59 - 21Min. | 43Typ! | -
2643012702 | O304 | 035015 | 7.3520.25 13 | 51 - 19 Min. | 38 Typ! -

**Bold part numbers designate preferred parts. lGuaranteed Z Min is Z Typ -20%

*This dimension may be modified to suit specific applications.
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Beads on Leads

Beads are supplied assentl ed on tinned copper wre to aid autonated circuit assenly.

«Rrtsvitha“2 asthe last dgt of the part nunber are 'f
Sandard R5296-E  Taped and reel ed parts are ! #

suppl i ed taped and reel ed per | EC 60286-1 and HA @ A
i

suppl i ed 4500 pieces on a 14" reel. Inside tape L
spacing is 52.4+1.5 nm These parts can al so be

supplied not taped and reel ed and are then bul k packed. C
The last digit of bulk packaged part nuner is a “1". B

= -—

* Wres are oxygen free high conductivity copper with a
tinlead coating The resistance of the wreis
3.5 M maxi umfor the 22 A/Gwire and 2.2 mQ naxi numfor the 20 A/Gwre.

e Beads are controlled for inpedance linmts only. They are tested for inpedance wth a single turn, using a Hewett Packard
HP 4193A \ector | npedance Meter for beads in 73 and 43 naterial and the HP 4191A R= | npedance Anal yzer for
61 naterial beads.

* Reconmended storage and operating tenperature is -55°Cto 125°C

e For inpedance vs. frequency curves and OC bias curves for these parts, see Hgures 1-30.

e For any bead on lead requirenent not listed in the catal og, please contact our custoner service group
for avdlaility ad pricng

e The Expanded Bead on Lead EM Suppressor Kit (part nuniber 0199000010) is available for prototype eval uation.
See page 92.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* | A B c D |Wi() Impedance(Q) B ovs| pCBias
10MHz | 25MHz | 100MHz | 250MHz | cyrve Curve
2773001112 [ 352025 | 0208154452025 DO | 4 |38 Min. | 61:20% - - Figure 1A | Figure 1B
2743001112 | 357025 | 02091.51445:0.25) DO | 4 | - 39Min. | 68 Typl - Figure 2A | Figure 2B
2761001112 | 355:2° |020°4.51445:0.25) D | 4 | - - 45Min. | 80+20% |Figure 3A |Figure 3B
2773015112 | 3°702% | 020615 |52500251 DO | 4 [44Min. | 68:20% | - - |Figure 4A | Figure 4B
2743015112 [ 3°702% | 0208155258025 Dee | 4 | - | 43Min. | 82Typ? - |Figure 5A |Figure 5B
2761015112 | 3°702% | 0506155258025 Do | 4 | - - 55Min. | 100£20% |Figure 6A | Figure 68
2773005112 | 3°0.2° | 02051 007025 | 020 | 4 |somin. | 78:20% | - - |Figue 7A | Figure 78
2743005112 | 3250.2° (0208151 605025 Do | 4 | - | 48min. | o1Typ! - |Figure8A |Figure 8B
2761005112 | 37020 [ 05000 | 605025 | 02| 4 | - - 60 Min. | 113£20% |Figure 9A | Figure 9B
2773003112 | 35570 |05 0ea0 | 0925 | oo | 5 [seMin. | ser20m | - ~ | Figure 10A| Figure 108
* Bold part numbers designate preferred parts. 1Guaranteed Z Min is Z Typ -20%
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Beads on Leads

TR
W O
i

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* | A B c D |w Impedance(Q) e acee| pcBias
10 MHz 25 MHz 100 MHz 250 MHz Curve Curve
2743003112 | 3% 02% | 050515 0720251 08 I 5 | - | 52Min. | 100Typ! | - |Figure 11A| Figure 118
2761003112 | 35920 | 0505101 67025 DO | 5| - - 70Min. | 125+20% | Figure 12A| Figure 128
2773004112 | 307 | 05 0etS | 1003 | Do | 5 [64Min. | 99r20% | - ~ | Figure 13a| Figure 138
2743004112 | 3507 | 59001 P50 | aes | B | - | 60Min. | 110Typ! |~ |Figure 14A| Figure 14B
2761004112 | 355025 | 620215 76203 1 D& 1 5| - - 75Min. | 144+20% | Figure 15A| Figure 158
2773002112 | 3750y | 05 0etS | 803 | Do | 6 [75Min. | 115¢20% | - — | Figure 16| Figure 168
2743002112 | %92 [ 05050 803 | 20| 6 | - | 70Min. | 133Typ! - | Figure 17| Figure 178
2761002112 | 3020 |050815) 8903 ) Do | 6| - - 90 Min. | 168+20% | Figure 18| Figure 188
2773007112 | 350 | 5060 | O’ | op e | 6 |88 Min. | 135¢20% | - - | Figure 194 Figure 198
2743007112 | 35920 | 5 0e0| 95208 | Ol 6| - | 77Min | 150Typt | - |Figure 20A| Figure 208
2761007112 | 35520 | 050e15| 92208 | M| 6| - — | 100Min. | 180£20% | Figure 21A| Figure 218
2773008112 | >*507° | S5t | et | ppame | 7 {100 Min| 156+20% | - ~ | Figure 22A| Figure 228
2743008112 | *%555” | e | "m0 | 2oawe | 7| - | 93Min | 180Typ! - | Figure 23A| Figure 238
2761008112 | >igr | %oas | aso L oamwe | 7| - - | 115Min. | 213+20% | Figure 24A| Figure 24B
2773000112 | %0 | 50t | B | 2o | 8 [121Min| 190+20% | - ~ | Figure 25A| Figure 258
2743000112 | 710 | 5% | Pan | e | 8 | - | 14Min | 220Typ' |~ |Figure 26A] Figure 26B
2761000112 | e | 506> | o | spmma | 8 | - - 140 Min. | 258+20% | Figure 27A Figure 278
2743012201+| 502 | O500° | et | ooSo | 45| - | 154Min. | 271 Typ! ~ | Figure 28A| Figure 288
2743013211+ | “550> | 5007 | o | ohove | 55 | - | 188Min. | 331Typ' | - |[Figure 29A| Figure 298
2743014221+ 25003 | 20| 102005 | e | 85| - | 224Min | 391Typl | - |Figure 30A| Figure 308
* Bold part numbers designate preferred parts. Guaranteed Z Min is Z Typ -20%

+ Not available taped and reeled.
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Beads on Leads
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Beads on Leads
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Figure 11A Impedance, reactance, and resistance vs.
frequency for bead on lead 2743003112.
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Figure 12A Impedance, reactance, and resistance vs.
frequency for bead on lead 2761003112.
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Figure 10B Impedance vs. frequency with dc bias as
parameter for bead on lead 2773003112.
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Figure 12B Impedance vs. frequency with dc bias as
parameter for bead on lead 2761003112.
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Figure 19B Impedance vs. frequency with dc bias as
parameter for bead on lead 2773007112.

Figure 19A Impedance, reactance, and resistance vs.
frequency for bead on lead 2773007112.
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Figure 20B Impedance vs. frequency with dc bias as
parameter for bead on lead 2743007112.

Figure 20A Impedance, reactance, and resistance vs.
frequency for bead on lead 2743007112.
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Figure 21B Impedance vs. frequency with dc bias as
parameter for bead on lead 2761007112.

Figure 21A Impedance, reactance, and resistance vs.
frequency for bead on lead 2761007112.
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Figure 22A Impedance, reactance, and resistance vs.
frequency for bead on lead 2773008112.
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Figure 23A Impedance, reactance, and resistance vs.
frequency for bead on lead 2743008112.
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Figure 24A Impedance, reactance, and resistance vs.
frequency for bead on lead 2761008112.
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Figure 22B Impedance vs. frequency with dc bias as
parameter for bead on lead 2773008112.
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Figure 23B Impedance vs. frequency with dc bias as
parameter for bead on lead 2743008112.
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Figure 24B Impedance vs. frequency with dc bias as
parameter for bead on lead 2761008112.
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Figure 25A Impedance, reactance, and resistance vs. Figure 25B Impedance vs. frequency with dc bias as
frequency for bead on lead 2773009112. parameter for bead on lead 2773009112.
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Figure 27A Impedance, reactance, and resistance vs. Figure 27B Impedance vs. frequency with dc bias as
frequency for bead on lead 2761009112. parameter for bead on lead 2761009112.
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Figure 28A Impedance, reactance, and resistance vs.
frequency for bead on lead 2743012201.
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Figure 29A Impedance, reactance, and resistance vs.
frequency for bead on lead 2743013211.
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Figure 30A Impedance, reactance, and resistance vs.
frequency for bead on lead 2743014221.
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Figure 28B Impedance vs. frequency with dc bias as
parameter for bead on lead 2743012201.
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Figure 29B Impedance vs. frequency with dc bias as
parameter for bead on lead 2743013211.
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Figure 30B Impedance vs. frequency with dc bias as
parameter for bead on lead 2743014221.
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SM Beads

Qurface nount beads and common-node surface nount beads are available fromFair-Rte in
several sizes. Their rugged constructi on decreases dc resistance and increases current carrying
capacity conpared wth plated beads.

The CGormon- Mbde surface nount bead provides a conmon path for the nagnetic flux generated
by the current to the load and the return current fromthe load. The current conpensation results
inzero nagnetic flux inthe core.

* 12mmtaped SM Beads are supplied taped and reel ed per HA Sandard 481-1-A and | EC 60286-3. 16nmand 24nm
taped SMBeads are supplied taped and reel ed per BA Sandard 481-2 and | EC 60286-3. Taped and reel ed parts are
supplied on a 13’ red.

e Parts can al so be supplied not taped and reel ed and then are bul k packed.
This packing nethod wll change the last digit of the part nuniber to a “6'.

« The copper conductors have a 200 uinch thickness tin/lead coating.

e SMBeads neet the sol derability specifications when tested in accordance wth ML-STD 202, nethod 208. After dipping the
nounting side of the bead, the sol der surface shall be at |east 95%covered with a snooth sol der coating. The edges of the
copper strip are not specified as sol deradl e surfaces.

o Mter preheating the beads to wthin 100°C of the sol dering tenperature, the parts neet the resistance to sol dering
requi renents of H A 186-10E tenperature 260+5°C and tine 10+l seconds.

« Quggested | and patterns are in accordance wth the reconmendati ons of “Surface Munt Land Patterns
(@nfiguration and Design Rules) ANS/IPGSM782".

e SMBeads are controlled for inpedance linmts only. They are tested for inpedance wth a single turn, using a Hewett
Packard HP 4191A R I npedance Anal yzer with spring clip fixture H? 16092A

* Recommended storage and operating tenperature is -55°Cto 125°C

e For inpedance vs. frequency curves and OC bias curves for these parts, see Hgures 7-21.
e The naxi numcurrent rating for these beads is 5 anps.

« Gonmon- node beads can withstand a mini num br eakdown vol t age of 500VDC

e For any SMbead requirenent not listed in the catal og, please contact our custoner service group for
availadlity ad pricing

e The Qurface Munt Bead Kit (part nunber 0199000014) is available for prototype evaluation. See page 92.
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SM Beads

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* Fig. A B C D E Wt (g) Tap:anvrxidth Pm'tﬁ]h Parts/Reel
2773019447 1 | 285402 305£01 /51 085 1.5405 - 15 12 8 2800
2743019447 | 1 | 28502 | 30550.11 51 085 15405 - 15 12 8 2800
2761019447 | 1 | 285292 | 30530.11 51 085 15205 - 15 12 8 2800
2773021447 | 1 | 28302 | 305:0.11 9.6-095) 15405 - 30 16 8 2800
2743021447 | 1 [ 285:02 | 3051011 06-005] 15:05 - 30 16 8 2800
2761021447 | 1 [ 28502 | 305:0.11 9.6-095) 15405 - 30 16 8 2800
2773037447 | 1 | 270502 | 465021 9.25-07) 14°04 - 45 16 8 2800
2743037447 | 1 | 270502 | 465021 9.25-07) 1494 | — 45 16 8 2800
2773044447 1 | heapax | 3101 ] 56580451 15560.25 ) .09 12 8 4500
2744044447 | 1 [LooMax.| 3030115050045 1540251 _ 09 12 8 4500
2773055447 | 1 [2BSMax.) 305011 5.1-085) 15405 - 15 12 8 2800
2744055447 | 1 |385Max-| 30530.11 51085 15205 - 15 12 8 2800
2773056447 | 1 [3B5Max-) 3.05:0.119.6-095) 15405 - 30 16 8 2800
2744056447 | 1 [F55MX | 3055011 96-0951 15405 | _ 30 16 8 2800
2744041447 | 2 | 28302 | 565021 50°06 | 13540251 25401 | 39 12 8 2400
2744045447 | 2 | 28302 5602 | 89°08 | 1.350025| 25401 | 53 16 8 2400
2744040447 | 3 | 145202 | 45202 62°06 ) 14004 | 1272005 14 12 8 4000
e I P e e T el e I I I
2744555577 | 5 _357’\,’\'%‘ 5-0%(;-25 _1413-g ’,\\"Agxx .%%“ﬂ?ri. - 96 24 12 1500
2744555677 | 6 .51’5’7"{\'/"’{:*. 5-02’;3-25 .1413;2) Max. .gfg","\jl?ﬁ. - 96 24 12 1500

* Bold part numbers designate preferred parts.
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SM Beads

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)) R Land Pattern Dimensions Z, Rg, X, VS. DC Bias

Part Number® 10 MHz | 25MHz | 100 MHz | 250 MHz raelme) Vo [Wief) X Y z Freglljjr?/récy curve

2773019447 | 25Min. | 40+20% | — - |oeMax _(1) fo _‘1‘-507 _3781 i 108 - Figure 7A Figure 7B
2743019447 - 23 Min. | 47 Typ? - |oeMax.| 32| 191 18 |30 1 _ Figure 8A Figure 8B
2761019447 - - 30 Min. | 50£20% [0.6 Max.| & fo _‘1‘-507 '3781 2108 - Figure 9A Figure 9B
2773021447 | 48 Min. | 78+20% | — - |oomax| 12| _3781 _?108 - | Figure 10A | Figure 10B
2743021447 - 45 Min. | 95 Typ? - |ooMax.| $2 | = | 58 [ 39 | - | Figure 11A | Figure 11B
2761021447 - - 60 Min. |100+20% | 0.9 Max. .‘1‘757 ;-955 .8781 2108 - | Figure 12A | Figure 12B
2773037447 | 48 Min. | 78x20% | — - o7 Max. jg°7 2105 .3781 ilos - | Figure 13A | Figure 13B
2743037447 - 45 Min. | 95 Typ! — formax| %] 80| 18 130 | - | Figure 14A | Figure 14B
2773044447 | 20 Min. | 33+20% | — - |o8Max. .3559 _‘1‘-757 '3781 2108 - | Figure 15A | Figure 15B
2744044447 - 17 Min. | 36220% - losmax| 32| 12| 52 [ 3% | - | Figure16A | Figure 168
2773055447 | 25Min. | 40£20% | - - Josmax| 32| 421 &8 1308 | - | Figure7A | Figure 7B
2744055447 - 23 Min. | 47£20% —  |oéMax.| 30| 491 18 | 30 Figure 8A Figure 8B
2773056447 | 48 Min. | 78+20% | — - |09 Max. .‘1‘757 .5955 .3781 2108 - | Figure 10A | Figure 10B
2744056447 - 45 Min. | 95:20% | -  [o9Max.| T | S| o | 3 | - | Figure11A | Figure 118
2744041447 - 16Min. |33:20% | - [o8Max.| 59| 12| 38| 30 |25 | Figure 17A | Figure 178
2744045447 - 30 Min. | 60+20% = iz2max| $2 | S| 52| 3% |45 | Figure 18A | Figure 18B
2744040447 - 23 Min. | 56+20% - 1.4 Max. .(1)781 .11889 .8382 _?108 10% Figure 19A | Figure 19B
2744051447 - 80 Min. |200+20% é%go'm-z 3oMax.| 29| S| 5919 | 30 | Figure 20A | Figure 208
2744555577 - 340 Min.|600£20% |  —  [75Max.| 5% | a5 | 5% | Soy | - | Figure 21A | Figure 218
2744555677 | - | 340Min.|60020%| = [75Max.| 3% | 5% | &% | 3% | 3% | Figure21A | Figure 218

* Bold part numbers designate preferred parts. 1Guaranteed Z Min is Z Typ -20%
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Figure 7A  Impedance, reactance, and resistance vs.
frequency for SM bead 2773019447 and

2773055447.
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Figure 8A  Impedance, reactance, and resistance vs.
frequency for SM bead 2743019447 and

2744055447.
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Figure 9A  Impedance, reactance, and resistance vs.
frequency for SM bead 2761019447.
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Figure 7B Impedance vs. frequency with dc bias as
parameter for SM bead 2773019447 and

2773055447.
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Figure 8B  Impedance vs. frequency with dc bias as
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Figure 9B  Impedance vs. frequency with dc bias as
parameter for SM bead 2761019447.
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frequency for SM bead 2773021447 and parameter for SM bead 2773021447 and
2773056447. 2773056447.
120 120
I 0A SR
100 = 100 =il
A :/4/’—
~ 80 7 80 | ~2A L
<] ; Ml sa 1] s
><J z a /1 /// A
. 60 ~ 60 1A 4
o // /
N Rq /
40 ~ 40 A AL oA
///’ h N X 7y / AE
20 | ///, NLX. 20 // (A / // b //
1| LA Vg pr
A N /4// A P A
[ L~ \\\ E—1 1l 1T L1
0 I W ——— ==
108 107 108 10° 10¢ 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 11A Impedance, reactance, and resistance vs. Figure 11B Impedance vs. frequency with dc bias as
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frequency for SM bead 2761021447.
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Figure 13A Impedance, reactance, and resistance vs.
frequency for SM bead 2773037447.

Figure 13B Impedance vs. frequency with dc bias as
parameter for SM bead 2773037447.
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Figure 14A Impedance, reactance, and resistance vs.
frequency for SM bead 2743037447.

Figure 14B Impedance vs. frequency with dc bias as
parameter for SM bead 2743037447.

50 50
40 i 40 ANy
p /IS
a v // 2A
S 30 30 4 A
< @ //1
j23
~ 20 " ™ 20 d Al A
N 4 Y
// A A
/ // R / q A
A A 5N A AN LA A
10 7 10 7 w T ATV
/ /’/ / ///’ (
» |1 i 4 5: L1
N | 1 L —
===
0 0
108 107 108 10° 108 107 108 10°

Frequency (Hz) Frequency (Hz)

Figure 15A Impedance, reactance, and resistance vs.
frequency for SM bead 2773044447.

Figure 15B Impedance vs. frequency with dc bias as
parameter for SM bead 2773044447.
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Figure 16A Impedance, reactance, and resistance vs. Figure 16B Impedance vs. frequency with dc bias as
frequency for SM bead 2744044447, parameter for SM bead 2744044447,
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100 oy 100 I
/| // I
A
80 80 A "
OA/ LA
zZ d pe
@ 60 / 60 '%// a
><J 1 Rs —_ 7| / Y q
o /| S /A
o N A28/ A
N 40 . 40 / 7 /3/A/
L
X ¥ d
% 240,
20 o 20 B il
/5;// L Th - // A1
|~ = jﬁ:”:"éﬁ/ ]
1 —
0 0 ====2=2
108 107 108 10° 108 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 18A Impedance, reactance, and resistance vs. Figure 18B Impedance vs. frequency with dc bias as

frequency for SM bead 2744045447.

Fair-Rte Products

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

parameter for SM bead 2744045447.

COI’ p P.Q Box J,ne Commercial Row VMIlkill, NY 12589- 0288

FAX (883 FEHRRTE/ (845) 89%5-2629 + wwfar-riteecom « EMil: ferrites@air-rite.com
(883) 337-7483 Note: (914) Area (ode has changed to (845) .



14th Edition 49

SM Beads

80 80
60 60 A o
7 A2A L L | ]
_ L~ LA
<] | 5A T
< zZl/ g / ’/ A
. 40 ~N 40 1A 7
o / e
N / R / 281/
L 9%
20 2 . ™N 20 //,/ é//
71 X A
poe :/ \ pas / A LA /
A A A A oA
LA A1 \\____,. 4 /://::,— /4::/’
0 = 0 e
10°8 107 108 10° 108 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 19A Impedance, reactance, and resistance vs. Figure 19B Impedance vs. frequency with dc bias as
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Chi p Beads

Far-Rte offers a broad sel ection of chip beads used to suppress EM in a wde variety of devices
such as conputers, cellul ar phones, digital conmuni cation equi pnent, tel evisions, pagers, and
VCRs.

Lowcurrent, nediumcurrent, and high current chip beads are available. Fair-Rte' s chip beads
are control | ed 100%for inpedance and DOR They are suitabl e for both wave and refl ow sol der

pr ocesses.

Low standard, and high signal speed parts are available. Sandard speed signal chip beads are
desi gned for general noi se suppression over a wde frequency range. The lowsignal chip beads
peak at 100 M while of fering significant inpedance at | ower frequencies. The high speed
signal chip beads of fer |owinpedance at frequencies bel ow 50 M and then the i npedance
increases rapidy toits peak a >100 M.

« The 0603 and 0805 beads are supplied 4000 pieces per 7" reel or 10000 pieces per 13" reel. The 1206 beads are supplied
3000 pieces per 7" reel or 10000 pieces per 13" reel. The 1806 beads are supplied 2000 pieces per 7' reel or 10000 pi eces
per 13’ reel. The 1812 beads are supplied 1000 pieces per 7' reel or 5000 pieces per 13" redl.

e The tape wdth for the 0603, 0805 and 1206 beads is 8mm wth a conponent pitch of 4 mm The tape wdth for the 1806 and
1812 beads is 12nmm wth a conponent pitch of 8 mm

e The contacts are tin/lead plated. Sandard refl owso dering profile is shown bel ow

* Recormended storage and operating tenperature is -55°C to +125°C

« For inpedance vs. frequency curves and DC bias curves for these parts, please see Hgures 1-63.

e For any chip bead requirenent not |isted, please contact our custoner service group for availability and pricing.

e The Chip Bead Kit (part nuniber 0199000018)is available for prototype eval uation. See page 92.

Pat Nunber System Exanple 2512063017Y1

25 1206 301 7 Y 1
Chip Package | npedance Packagi ng Nt eri al Qurrent
Bead Sze Code Code Code Code
Code Code 6= Bul k Packed X= Low S gnal Speed

7= Taped and Reeled 7" Red Y = Sandard Sgnal Speed
8= Taped and Reel ed 13" Reel Z= Hgh Sgna Seed

Standard Soldering Profile

- C ———= - B
Pre-Heatin Solderin Coolin
300 g 9 g
QG 250
~ Max. Temp.
2 200 /-\ 230°C
2 F—183c———— ——3\ —————
g 150 \
s | L AN
= AN
50 N
0 .
| <80 sec. min, __ __ |60 sec. max.
D (Melting area of solder)
S de View

Faj r-H te P OdUCt s Cor p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .
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Low Current Chip Beads (<1 Amp)

Dimensions (Bold numbers are in millimeters, light numbers are in inches.)

Pkg. Dimensions i +25% . . . i
Size A B C p | Wi9) g;?er::: Part Number é( ?go_l\zni/z Mg | n?:rrem Ffe’qF::l;c);LC::le Dgu?\lz:s
2506033007Y0 30 0.1 200 Figure 1A | Figure 1B
2506036007Y0 60 0.2 200 Figure 2A | Figure 2B
2506038007Y0 80 0.2 150 Figure 3A | Figure 3B
2506039007Y0 90 0.2 150 Figure 4A | Figure 4B
Standard| 2506031017Y0 100 0.2 150 Figure 5A | Figure 5B
0603 | 08:03 | 08:03 [Le:015| 0463 | ggggggiégig iég 8-; 128 E!gure 6A_| Figure 68
031 | 031 | 063 | .014 : igure 7A_| Figure 7B
2506033017Y0 300 0.6 100 Figure 8A | Figure 8B
2506036017Y0 600 0.8 100 Figure 9A | Figure 9B
2506031027Y0 1000 1 100 Figure 10A |Figure 10B
250603600720 60 0.5 200 Figure 11A |Figure 11B
High | 250603121720 120 0.5 150 Figure 12A |Figure 12B
250603301720 300 0.85 100 Figure 13A | Figure 13B
Low | 2508056017X0 600 1 200 Figure 14A |Figure 14B
2508051107Y0 11 0.1 300 Figure 15A | Figure 15B
2508053007Y0 30 0.2 300 Figure 16A |Figure 16B
2508055007Y0 50 0.2 300 Figure 17A |Figure 17B
2508056007Y0 60 0.2 300 Figure 18A |Figure 18B
0805 0.9:0.2 | 1.25£0.21 2.0£0.2| 0.602| o\ | giandarg ;gggggigg;ig 19000 82 :gg Egure LoA F!gure 198
035 049 079 | 024 : igure 20A | Figure 20B
2508051217Y0 120 0.3 300 Figure 21A | Figure 21B
2508051817Y0 180 0.2 200 Figure 22A | Figure 22B
2508053017Y0 300 0.4 300 Figure 23A | Figure 23B
2508056017Y0 600 0.6 200 Figure 24A | Figure 24B
2508051027Y0 1000 0.8 100 Figure 25A | Figure 25B
2508051527Y0 1500 1 100 Figure 26A | Figure 26B
250805600720 60 0.3 300 Figure 27A | Figure 27B
High | 250805121720 120 0.9 300 Figure 28A | Figure 28B
250805301720 300 0.55 100 Figure 29A | Figure 29B
Low | 2512066017X0 600 1 300 Figure 30A |Figure 30B
2512063007Y0 30 0.1 500 Figure 31A |Figure 31B
2512065007Y0 50 0.2 400 Figure 32A | Figure 32B
2512066007Y0 60 0.2 400 Figure 33A | Figure 33B
1206 | 11202 | 16202 | 32:02] 06202 ( o 2512067007Y0 0 0.2 400 { Figure 34A {Figure 348
043 063 126 024 2512068007Y0 80 0.2 400 Figure 35A | Figure 35B
Standard| 2512069007Y0 90 0.2 300 Figure 36A |Figure 36B
2512061017Y0 100 0.2 300 Figure 37A | Figure 37B
2512061217Y0 120 0.2 300 Figure 38A | Figure 38B
2512063017Y0 300 0.3 200 Figure 39A |Figure 39B
2512066017Y0 600 0.6 200 Figure 40A |Figure 40B
2512061027Y0 1000 0.8 100 Figure 41A | Figure 41B
2512061527Y0 | 1500@50 MHz 1 100 Figure 42A | Figure 42B
2518066007Y0 60 0.2 500 Figure 43A | Figure 43B
16£0.2 | 1620.2 | 45:0.2| 0.6£0.2 2518067007Y0 70 0.2 500 | Figure 44A | Figure 448
1806 063 063 177 004 0.06 | standard| 2518068007Y0 80 0.2 500 Figure 45A |Figure 45B
' ' ' ' 2518061017Y0 100 0.3 400 Figure 46A | Figure 46B
2518061517Y0 150 0.3 400 Figure 47A | Figure 47B
2518063017Y0 300 0.3 400 Figure 48A |Figure 48B

* Bold part numbers designate preferred parts.
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Medium Current Chip Beads (1-3 Amp)

Dimensions (Bold numbers are in millimeters, light numbers are in inches.)

Pkg. Dimensions Signal % | Z(Q) +25% | Max. DCR Max. Current | Z,R¢, X, vs. | DC Bias
Size A B C D Wi(g) Speed Part Number™ 5444 yy, ohm mA Frequency Curve |~ Curve
+0.2
0603 |08203 |0.8+0.3 1.6:0.15 0.'5‘1-2-3 0.006 | Standard |2506033007Y1| 30 0.1 1000 |Figure 49A |Figure 498
0.920.2 [1.25+0.2| 2.0+0.2 | 0.6+0.2 , -
0805 035 [ oas | o709 | oza” | 001 Standard |2508051107Y1 11 0.03 1500  |Figure 50A |Figure 50B
Low 2512066017X1| 600 1 1000 |Figure 51A [Figure 51B
1.1#0.2 | 1.6+0.2 | 3.2+0.2 | 0.6+0.2 2512061907Y1| 19 0.04 1500  |Figure 52A |Figure 52B
1206 | 043 | 063 | .126 | .024 | 003 ctandarg 12512063007Y3| 30 0.04 3000  |Figure 53A [Figure 538
andard 15512065007v3| 50 0.05 3000 |Figure 54A |Figure 548
2512067007Y3 70 0.05 3000 Figure 55A [Figure 55B
1806 |1:6£02 [1.6£0.2 [4.5£0.2 |0.6:0.2 | (g Standard 12518066007Y3| 60 0.04 3000 Figure 56A |Figure 56B
063 | 063 | 177 | .024 2518068007Y1] 80 0.1 1500  [Figure 57A [Figure 578
1.6+0.2 | 3.2+0.2 | 4.5+0.2 | 0.6+0.2 2518127007Y1 70 0.05 1500 Figure 58A [Figure 58B
1812 | ™ 663” | 126 | 177 | 024 | 006 | Standard o Vil 120 0.05 1500 | Figure 59A |Figure 598
High Current Chip Beads (>3 Amp)
Dimensions (Bold numbers are in millimeters light numbers are in inches )

Pkg. Dimensions Signal * | 2(Q) +25%| Max. DCR Max. Current Z,R,, X, vs. | DC Bias
Size A B C D Wi(g) Speed Part Number - | o440y, ohm mA Frequency Curve | Curve
1.1#0.2 | 1.6+0.2 | 3.2+0.2 | 0.6+0.2 ) .

1206 | 14£02| 1620.213.240.2)1 062021 0,03 Standard  |2512065007Y6| 50 0.02 6000  |Figure 60A |Figure 60B

2518065007Y6| 50 0.01 6000  |Figure 61A |Figure 61B
1806 1502|1002 145202106502 0.06 Standard  [2518068007Y6| 80 0.02 6000 |Figure 62A |Figure 628
' ' ' ' 2518061217Y6| 120 0.02 6000  |Figure 63A |Figure 638
* Bold part numbers designate preferred parts.
Pat Nunber System Exanple 2512063017Y1
25 1206 301 7 Y 1
Chip Package | npedance Packagi ng Nt eri al Qurrent
Bead Sze Code Code Code Code
Code Code 6= Bul k Packed X= Low S gnal Speed
7= Taped and Reeled 7" Red Y = Sandard Sgnal Speed
8= Taped and Reel ed 13" Red Z= Hgh Sgna Seed
« c - . B —=— Standard Soldering Profile
200 Pre-Heating Soldering Cooling
E 250
2 -—183C————F ——\ ——————
g 150 \
E 100 / \\\
50 AN
0
| B0 sec. min, —» |60 sec. max.
S| de Mew

(Melting area of solder)

Fair-Rte Products Corp.
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Figure 1A Impedance, reactance, and resistance vs. Figure 1B Impedance vs. frequency with dc bias as
frequency for chip bead 2506033007Y0. parameter for chip bead 2506033007Y0.
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frequency for chip bead 2506036007Y0. parameter for chip bead 2506036007Y0.
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Figure 3A  Impedance, reactance, and resistance vs. Figure 3B Impedance vs. frequency with dc bias as
frequency for chip bead 2506038007Y0. parameter for chip bead 2506038007Y0.
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Figure 4A  Impedance, reactance, and resistance vs.
frequency for chip bead 2506039007Y0.
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Figure 5A  Impedance, reactance, and resistance vs.
frequency for chip bead 2506031017Y0.
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Figure 6A  Impedance, reactance, and resistance vs.
frequency for chip bead 2506031217Y0.
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Figure 7A  Impedance, reactance, and resistance vs.
frequency for chip bead 2506031517Y0.
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Figure 8A  Impedance, reactance, and resistance vs.
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Figure 8B Impedance vs. frequency with dc bias as
parameter for chip bead 2506033017Y0.
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Figure 9B  Impedance vs. frequency with dc bias as

parameter for chip bead 2506036017Y0.
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Figure 10A Impedance, reactance, and resistance vs. Figure 10B Impedance vs. frequency with dc bias as
frequency for chip bead 2506031027Y0. parameter for chip bead 2506031027Y0.
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Figure 11A Impedance, reactance, and resistance vs. Figure 11B Impedance vs. frequency with dc bias as
frequency for chip bead 2506036007Z0. parameter for chip bead 2506036007Z0.
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Figure 12A Impedance, reactance, and resistance vs. Figure 12B Impedance vs. frequency with dc bias as
frequency for chip bead 2506031217Z0. parameter for chip bead 2506031217Z0.
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Figure 13A Impedance, reactance, and resistance vs. Figure 13B Impedance vs. frequency with dc bias as
frequency for chip bead 2506033017Z0. parameter for chip bead 2506033017Z0.
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Figure 14A Impedance, reactance, and resistance vs. Figure 14B Impedance vs. frequency with dc bias as
frequency for chip bead 2508056017X0. parameter for chip bead 2508056017X0.
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Figure 15A Impedance, reactance, and resistance vs. Figure 15B Impedance vs. frequency with dc bias as
frequency for chip bead 2508051107Y0. parameter for chip bead 2508051107Y0.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .



58 14th Edition

60 60
7;" ]
z
40 40
a8 ~
i S 0|mA
o R N
2 300 mA
N 20 e 20
X
S L %
o
.-///// / _,_,-/ﬁ: Tl /
0 | T L 0 =
106 107 108 10° 10¢ 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 16A Impedance, reactance, and resistance vs. Figure 16B Impedance vs. frequency with dc bias as
frequency for chip bead 2508053007Y0. parameter for chip bead 2508053007Y0.
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Figure 17A Impedance, reactance, and resistance vs. Figure 17B Impedance vs. frequency with dc bias as
frequency for chip bead 2508055007Y0. parameter for chip bead 2508055007Y0.
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Figure 18A Impedance, reactance, and resistance vs. Figure 18B Impedance vs. frequency with dc bias as
frequency for chip bead 2508056007Y0. parameter for chip bead 2508056007Y0.
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Figure 19A Impedance, reactance, and resistance vs. Figure 19B Impedance vs. frequency with dc bias as
frequency for chip bead 2508059007Y0. parameter for chip bead 2508059007Y0.
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Figure 20A Impedance, reactance, and resistance vs. Figure 20B Impedance vs. frequency with dc bias as
frequency for chip bead 2508051017Y0. parameter for chip bead 2508051017Y0.
200 200
YN VTN
%
150 ’/ 150 /
DI mA
a , / V(
g 4 _ 1
< a
21 2 N 74
N
)
Ll X, /] 300 mA
50 ] 50
Vs e
e q ,/ 1
|1 LT //
0 L~ LAt 0 Zd—f;’z/;;,—.z:/
108 107 108 10° 108 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 21A Impedance, reactance, and resistance vs. Figure 21B Impedance vs. frequency with dc bias as
frequency for chip bead 2508051217Y0. parameter for chip bead 2508051217Y0.
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Figure 22A Impedance, reactance, and resistance vs. Figure 22B Impedance vs. frequency with dc bias as
frequency for chip bead 2508051817Y0. parameter for chip bead 2508051817Y0.
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Figure 23A Impedance, reactance, and resistance vs. Figure 23B Impedance vs. frequency with dc bias as
frequency for chip bead 2508053017Y0. parameter for chip bead 2508053017Y0.
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Figure 24A Impedance, reactance, and resistance vs. Figure 24B Impedance vs. frequency with dc bias as

frequency for chip bead 2508056017Y0.

parameter for chip bead 2508056017Y0.
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Figure 25A Impedance, reactance, and resistance vs.
frequency for chip bead 2508051027Y0.

Figure 25B Impedance vs. frequency with dc bias as
parameter for chip bead 2508051027Y0.
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Figure 26A Impedance, reactance, and resistance vs.
frequency for chip bead 2508051527Y0.

Figure 26B Impedance vs. frequency with dc bias as
parameter for chip bead 2508051527Y0.
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Figure 27A Impedance, reactance, and resistance vs.
frequency for chip bead 2508056007Z0.

Figure 27B Impedance vs. frequency with dc bias as
parameter for chip bead 2508056007Z0.
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Figure 28A Impedance, reactance, and resistance vs.
frequency for chip bead 2508051217Z0.

Figure 28B Impedance vs. frequency with dc bias as
parameter for chip bead 2508051217Z0.
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Figure 29A Impedance, reactance, and resistance vs.
frequency for chip bead 2508053017Z0.

Figure 29B Impedance vs. frequency with dc bias as
parameter for chip bead 2508053017Z0.
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Figure 30A Impedance, reactance, and resistance vs.
frequency for chip bead 2512066017XO0.
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Figure 30B Impedance vs. frequency with dc bias as
parameter for chip bead 2512066017XO0.
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Figure 31A Impedance, reactance, and resistance vs. Figure 31B Impedance vs. frequency with dc bias as
frequency for chip bead 2512063007Y0. parameter for chip bead 2512063007Y0.
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Figure 32A Impedance, reactance, and resistance vs. Figure 32B Impedance vs. frequency with dc bias as
frequency for chip bead 2512065007Y0. parameter for chip bead 2512065007Y0.
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Figure 33A Impedance, reactance, and resistance vs. Figure 33B Impedance vs. frequency with dc bias as
frequency for chip bead 2512066007Y0. parameter for chip bead 2512066007Y0.
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Figure 34A Impedance, reactance, and resistance vs.
frequency for chip bead 2512067007Y0.

Figure 34B Impedance vs. frequency with dc bias as
parameter for chip bead 2512067007Y0.
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Figure 35A Impedance, reactance, and resistance vs.
frequency for chip bead 2512068007Y0.

Figure 35B Impedance vs. frequency with dc bias as
parameter for chip bead 2512068007Y0.
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Figure 36A Impedance, reactance, and resistance vs.
frequency for chip bead 2512069007Y0.
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Figure 36B Impedance vs. frequency with dc bias as
parameter for chip bead 2512069007Y0.
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Figure 37A Impedance, reactance, and resistance vs.
frequency for chip bead 2512061017Y0.

Figure 37B Impedance vs. frequency with dc bias as
parameter for chip bead 2512061017Y0.
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Figure 38A Impedance, reactance, and resistance vs.
frequency for chip bead 2512061217Y0.

Figure 38B Impedance vs. frequency with dc bias as
parameter for chip bead 2512061217Y0.
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Figure 39A Impedance, reactance, and resistance vs.
frequency for chip bead 2512063017Y0.

Figure 39B Impedance vs. frequency with dc bias as
parameter for chip bead 2512063017Y0.
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Figure 40A Impedance, reactance, and resistance vs.
frequency for chip bead 2512066017Y0.

Figure 40B Impedance vs. frequency with dc bias as
parameter for chip bead 2512066017Y0.
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Figure 41A Impedance, reactance, and resistance vs.
frequency for chip bead 2512061027Y0.

Figure 41B Impedance vs. frequency with dc bias as
parameter for chip bead 2512061027Y0.
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Figure 42A Impedance, reactance, and resistance vs.
frequency for chip bead 2512061527Y0.
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Figure 42B Impedance vs. frequency with dc bias as
parameter for chip bead 2512061527Y0.
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Figure 43A Impedance, reactance, and resistance vs. Figure 43B Impedance vs. frequency with dc bias as
frequency for chip bead 2518066007Y0. parameter for chip bead 2518066007Y0.
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Figure 44A Impedance, reactance, and resistance vs. Figure 44B Impedance vs. frequency with dc bias as
frequency for chip bead 2518067007Y0. parameter for chip bead 2518067007Y0.
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Figure 45A Impedance, reactance, and resistance vs. Figure 45B Impedance vs. frequency with dc bias as
frequency for chip bead 2518068007Y0. parameter for chip bead 2518068007Y0.
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Figure 46A Impedance, reactance, and resistance vs. Figure 46B Impedance vs. frequency with dc bias as
frequency for chip bead 2518061017Y0. parameter for chip bead 2518061017Y0.
250 250
_~— LA~
200 : 200 7N
aqmA \
2 150 150 A
N 7 a 2?&1%
P Y Ry N /
e’ N / 400 MA
n
N 100 100
///---~ X d
50 - \ 50
L~
!‘ LA
//r’ / ’_,//--’ ;é/
o b=rtTl i il
10 107 108 ‘ 10° 10¢ 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 47A Impedance, reactance, and resistance vs. Figure 47B Impedance vs. frequency with dc bias as
frequency for chip bead 2518061517Y0. parameter for chip bead 2518061517Y0.
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Figure 48A Impedance, reactance, and resistance vs. Figure 48B Impedance vs. frequency with dc bias as
frequency for chip bead 2518063017Y0. parameter for chip bead 2518063017Y0.
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Figure 49A Impedance, reactance, and resistance vs. Figure 49B Impedance vs. frequency with dc bias as
frequency for chip bead 2506033007Y1. parameter for chip bead 2506033007Y1.
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Figure 50A Impedance, reactance, and resistance vs. Figure 50B Impedance vs. frequency with dc bias as
frequency for chip bead 2508051107Y1. parameter for chip bead 2508051107Y1.
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Figure 51A Impedance, reactance, and resistance vs. Figure 51B Impedance vs. frequency with dc bias as
frequency for chip bead 2512066017X1. parameter for chip bead 2512066017X1.
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Figure 52A Impedance, reactance, and resistance vs. Figure 52B Impedance vs. frequency with dc bias as
frequency for chip bead 2512061907Y1. parameter for chip bead 2512061907Y1.
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Figure 53A Impedance, reactance, and resistance vs. Figure 53B Impedance vs. frequency with dc bias as
frequency for chip bead 2512063007Y3. parameter for chip bead 2512063007Y3.
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Figure 54A Impedance, reactance, and resistance vs. Figure 54B Impedance vs. frequency with dc bias as
frequency for chip bead 2512065007Y3. parameter for chip bead 2512065007Y3.
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Figure 55A Impedance, reactance, and resistance vs. Figure 55B Impedance vs. frequency with dc bias as
frequency for chip bead 2512067007Y3. parameter for chip bead 2512067007Y3.
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Figure 56A Impedance, reactance, and resistance vs. Figure 56B Impedance vs. frequency with dc bias as
frequency for chip bead 251806007Y3. parameter for chip bead 251806007Y3.
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Figure 57A Impedance, reactance, and resistance vs. Figure 57B Impedance vs. frequency with dc bias as
frequency for chip bead 2518068007Y1. parameter for chip bead 2518068007Y1.
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Figure 58A Impedance, reactance, and resistance vs.
frequency for chip bead 2518127007Y1.
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Figure 59A Impedance, reactance, and resistance vs.
frequency for chip bead 2518121217Y1.
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Figure 60A Impedance, reactance, and resistance vs.
frequency for chip bead 2512065007Y6.
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Figure 58B Impedance vs. frequency with dc bias as
parameter for chip bead 2518127007Y1.
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Figure 59B Impedance vs. frequency with dc bias as
parameter for chip bead 2518121217Y1.

60
/"'::2:
0al| /]
40 S A 7
g 1A
N J /
2A
20 Vil A
/ 1 //9”(/
U .///_ :}4
e
o e
106 107 108 10°

Frequency (Hz)

Figure 60B Impedance vs. frequency with dc bias as
parameter for chip bead 2512065007Y6.
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Figure 61A Impedance, reactance, and resistance vs. Figure 61B Impedance vs. frequency with dc bias as
frequency for chip bead 2518065007Y6. parameter for chip bead 2518065007Y6.
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Figure 62A Impedance, reactance, and resistance vs. Figure 62B Impedance vs. frequency with dc bias as
frequency for chip bead 2518068007Y6. parameter for chip bead 2518068007Y6.
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Figure 63A Impedance, reactance, and resistance vs. Figure 63B Impedance vs. frequency with dc bias as
frequency for chip bead 2518061217Y6. parameter for chip bead 2518061217Y6.
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PC Beads

Mitipesingetunprinedcircut beads o nmlti-tun printed circut beads are avaladein
Fair-Rte 44 nateriad. These through-hd e parts are supplied in two wre lengths.

« Junper wres are oxygen free high conductivity copper wth a tin/lead coating.

» Beads are controlled for inpedance linits only. They are tested for inpedance wth a sing e turn through two end hal es,
using a Hew ett Packard HP 4193A \ector | npedance Meter.

* Wres on top of the beads are covered wth a layer of an epoxy.
» Recormended operating and storage tenperature for these beads is -55°Cto +125°C
 For inpedance vs. frequency curves and dc bias curves for these parts, see Fgures 9-12.

e For any RChead requirenent not listed in the catal og, please contact our custoner service group
for avaladlity ad pricing

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q Z,Rs, X, Vs. )
Part Number* | Fig. A B MC D E M": G |Wt(g) P ©) Frequency | DCBias
ax. n. 25MHz | 100MHz |  curve Curve
80-035| 7.6-05 | 11.4 | 25420.1] 254201 ] 24 | 065 : ] ; :
2944776101 1 308 200 | 450 100 200 | 005 | 22 Awe 2.6 150 Min. | 230 Min. | Figure 9A | Figure 9B

80-035| 7.6-05 | 114 | 254£0.1| 254+01| 3.1 | 0.65 : : s s
2944776102 1 308 500 | 450 100 100 | 125 |22 Awe 2.6 150 Min. | 230 Min.| Figure 9A | Figure 9B

11.2-05 | 575-05| 11.4 | 254+0.1| 254201 | 2.4 | 0.65 ; ; f f
2944778101 2 430 216 | 480 | 100 100 | 095 | 22 awe 2.7 | 150 Min. | 230 Min. | Figure 10A | Figure 10B

11.2-05| 575-05| 11.4 | 254+0.1| 254201 | 31 | 065 ; ; : :
2944778102 2 430 16| 450 100 100 | 195 | 22 AwG 2.7 150 Min. | 230 Min. | Figure 10A | Figure 10B

112-05( 11.2-05( 114 | 254+0.1 7.6+0.2 | 24 0.65 ] i i i
2944778301 | 3 e w0l a0 | 7500 “500 | Gos | 22w | €0 | 175 Min. | 270 Min. | Figure 11A | Figure 11B

112-05| 11.2-05| 11.4 | 254+0.1| 7.6£02 | 3.1 | 065 ; ; : :
2944778302 3 430 430 | 450 100 300" | 135 | 22awg| 60 175 Min. | 270 Min. | Figure 11A | Figure 11B

2944770301 | 4 |1345:0.25 112-05) 114 | 254£0.1) 76202 | 24 | 065 | 74 | 175 Min. | 270 Min.| Figure 12A | Figure 12B

530 430 | 450 | .100 300 | .095 | 22 AWG
13.45+0.25| 11.2-05 | 11.4 | 254:0.1| 7.6£02 | 3.1 | 0.65 i i i i
2944770302 4 230 230 | 250 | 100 200~ | 195 | 22 G 7.4 | 175 Min. | 270 Min. | Figure 12A | Figure 12B

*Bold numbers designate preferred parts.

Faj r-H te P OdUCt S COI’ p P.Q Box J, e Conmercial Row Véllkill, NY 12589-0288
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PC Beads

Typical Printed Circuit Board Layouts
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PC Beads
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Figure 9A  Impedance, reactance, and resistance vs.
frequency for PC bead 2944776101 and 2944776102.
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Figure 10A Impedance, reactance, and resistance vs.
frequency for PC bead 2944778101 and 2944778102.
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Figure 11A Impedance, reactance, and resistance vs.

frequency for PC bead 2944778301 and 2944778302.
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Figure 9B  Impedance vs. frequency with dc bias as
parameter for PC bead 2944776101 and 2944776102.
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Figure 10B Impedance vs. frequency with dc bias as
parameter for PC bead 2944778101 and 2944778102.
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Figure 11B Impedance vs. frequency with dc bias as
parameter for PC bead 2944778301 and 2944778302.
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PC Beads
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Figure 12A Impedance, reactance, and resistance vs. Figure 12B Impedance vs. frequency with dc bias as
frequency for PC bead 2944770301 and 2944770302. parameter for PC bead 2944770301 and 2944770302.
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Wound Beads

S x and el even hol e beads are avail abl e both as beads and wound wth tinned copper wre in
several wnding configurations.

e Parts wth a“1” as the last digit of the part nunber are supplied bul k packed. Parts 29 - - 666651 and 29 - - 666631 can be
supplied radialy taped and recl ed per HA Sandard 468-B  This packing nethod wil change the last digit of the part
nuniber to a “4”. Taped and reel ed parts are supplied 500 pieces on a 13" redl .

* Wre used for wnding is oxygen free high conductivity copper wth atin plating

e Beads are controlled for inpedance linmits only. They are tested for inpedance using a Hew ett Packard HP 4193A \kector
I npedance Meter for beads in 44 naterial and the HP 4191A R | npedance Anal yzer for 61 nateria beads.

» Recormended storage tenperature and operating tenperature is -55°Cto 125°C
« For inpedance vs. frequency curves and OC bias curves for these parts, see Fgures 3-14.

e For any wound bead requirement not listed in the catal og, please contact our custon@r service group
for avaladlity ad pricing

» The Expanded Bead-on-Lead BEM Suppressor Kit (part nuniber 0199000010) is available for prototype eval uation.
See page 92.

;ﬁg -ﬁ% ,,,,, = :%

Fgure 1-1

Fgure 1

® = @

Fgure 1-2

;j% = % ,,,,, 3’=‘ =

Fgure 2 Fgure 1-3
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VWund Beads
e-tx-0 B

Fgure 1-4 Fgure 2-1

=—wire length

& = @ =CE-

Fgure 1-5 Fgure 2-2

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)
10 MHz 50 MHz 100 MHz | 200 MHz

Part Number* | Fig. A B C Dies Wt (9)

26446666119 1 | 80£0.25 |0.75+0.15/10.0:0.25| 3.5 12 | 170 Min. | 320 Min. | 375 Min. _

.236 .032 .394 .138
@ 6.0+0.25 [0.75+0.15|10.0+£0.25 35 _ . . .
2661666611 1 936 032 394 138 12 250 Min. | 400 Min. | 325 Min.
@) 10.0+0.25 | 0.9+0.15 {10.0£0.25 7.5 . . . _
2644777711 2 394 038 394 205 33 300 Min. | 725 Min. | 400 Min.

@ Tested with 1% turns. @ Tested with 2% turns. (A % turn is defined as a single pass through a hole.)

Part Number* | Fig. | Turns | Wire Size |Wire Length |Wt (g) Impedance(Q) irsau)é;\c/i DC Bias
10 MHz | 50 MHz |100 MHz [200 MHz | cyrve Curve
2944666661 | 1-1 | 1% | 008 - | 3830143 1170 Min|320 Min. [375Min| - | Figure 3A | Figure 38
2961666661 | 1-1 | 1% | ,oang | ooe30 |13 |~ |250Min.|400 Min|325 Min.| Figure 4A | Figure 4B
2044666651 | 12 | 2 | 008 | 3BUBO 145 {540 Min|520 Min. [480Min| ~ | Figure 5A | Figure 5B
2961666651 | 12 | 2 | imwc | 5%30 |13 | - |425Min.|600 Min|300 Min.| Figure 6A | Figure 68
2044666671 | 13 | 2% | , 006 | *8%30 | 14 |320 Min|680 Min.|580 Min| — | Figure 7A | Figure 78
2061666671 | 1-3 | 2% | simwc | 5830 [ 14| - |550Min. |675 Min|275 Min.| Figure 8A | Figure 88
2944666681 | 1-4 | 2x1% | L mwG ® | 14 |170Min|320 Min. 375 Min| - | Figure 9A | Figure 9B
2061666681 | 14 | 2x1% | , 008 ® |14 | - |250Min.|375 Min.325 Min. |Figure 10A | Figure 108
2944666631 | 1-5 | 3 T S80£30 | 1.4 |400 Min, 800 Min. [550 Min  — |Figure 11A | Figure 118
2961666631 | 1-5 | 3 sanne | B%30 114 | — 1650 Min. 625 Min,|250 Min.|Figure 12A | Figure 128
2044777741 | 21 | 4% | 0% 380230 | 3.8 |650 Min 1000 Min|400 Min|  —  [Figure 13A | Figure 138
2044777721 | 22 | 2x2% | L, 000 ® 3.9 |300Min|725Min. [400Min| -  |Figure 14A | Figure 14B

*Bold numbers designate preferred parts.
(® Wire length of one winding is 38.0+3.0 (1.500). Wire length of second winding is 28.0+ 3.0 (1.125)
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Wound Beads
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Figure 3A  Impedance, reactance, and resistance vs. Figure 3B Impedance vs. frequency with dc bias as
frequency for wound bead 2944666661. parameter for wound bead 2944666661.
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Figure 4A  Impedance, reactance, and resistance vs. Figure 4B Impedance vs. frequency with dc bias as
frequency for wound bead 2961666661. parameter for wound bead 2961666661.
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Figure 5A  Impedance, reactance, and resistance vs. Figure 5B Impedance vs. frequency with dc bias as
frequency for wound bead 2944666651. parameter for wound bead 2944666651.
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Figure 6A  Impedance, reactance, and resistance vs.
frequency for wound bead 2961666651.
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Figure 7A Impedance, reactance, and resistance vs.

frequency for wound bead 2944666671.
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Figure 8A  Impedance, reactance, and resistance vs.

frequency for wound bead 2961666671.
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Figure 6B Impedance vs. frequency with dc bias as
parameter for wound bead 2961666651.
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Figure 7B Impedance vs. frequency with dc bias as
parameter for wound bead 2944666671.
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Wound Beads

500 o, 500 |
/ ‘\ J \
400
400 on N
8 300 300 /2A
~ z P
< <)
o R ~ .57
vd E A
N 200 200 H
~ 2A
// r‘/XL\ /] 3)/
A A d 5A
100 A ;1 100 . y 7
e LAl Lo
/] N C A A
0 L 0 B
10¢ 107 10® 10° 108 107 108 10°
Frequency (Hz) Frequency (Hz)
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VWund Beads
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Figure 12A Impedance, reactance, and resistance vs.
frequency for wound bead 2961666631.

Figure 12B Impedance vs. frequency with dc bias as
parameter for wound bead 2961666631.
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Figure 13A Impedance, reactance, and resistance vs.
frequency for wound bead 2944777741.

Figure 13B Impedance vs. frequency with dc bias as
parameter for wound bead 2944777741,
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Figure 14A Impedance, reactance, and resistance vs.
frequency for wound bead 2944777721.

Figure 14B Impedance vs. frequency with dc bias as
parameter for wound bead 2944777721,
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Mul ti-Aperture Cores

Mil ti-aperture cores are used in bal un (bal ance-unbal ance) transforners and find wde application
as broadband transforners in comnmuni cation and CATV circuits. They are al so enpl oyed in auto
ar bagcircuts toguard against accidenta activation

« Al miti-aperture cores are supplied burni shed.

e For additional technica infornation on the use of these cores, see section “Wse of Ferrites in Boadband Transforners”
found on page 170.

e Milti-aperture cores are controlled for inpedance linits only. They are tested for inpedance wth a single turn through tvwo
hol es, using the Hew ett Packard HP 4193A \ector | npedance Meter.

« For inpedance vs. freguency curves for these parts, see FHgures 4-37.

e For any milti-aperture core requirenent not listed in the catal og, please contact our custonger service group for
ava laility ad pricdng

——
@ & = o] ==
& Tt Tz e *
1imit -5 - k-

-~c - B -~ Cc = B

Fgure 1 Fgure 2 Fgure 3

Dimensional letter designations have been changed from the 13th edition catalog and are now in accordance to the MMPA SFG-96.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number**| Fig. A B* C E H Wt (9) Impedance(Q) |Z:reR(;u>e(,L1(\;/;
25 MHz 100 MHz curve
2873002302 | 1 |343025| 235025 204015 | 145:0.1 1 07240250 1 | 35Min. - Figure 4
2843002302 | 1 | 3455025123025 ) 20015 | 145011 07540251 1 - 35Min. | Figure5
2861002302 | 1 |345:025]23%4025) 204015 | 1.4%20.1 1 0.7240.25) 1 - 30 Min. | Figure 6
2873002702 | 1 | 705025 | 310251 42 025 | 2901 | 1mD2 | 3 | 30 Min. - Figure 7
2843002702 | 1 | TOXOZ5 | 313025 ) 42°925 | 29201 1 17402 3 — 40 Min. Figure 8
2861002702 | 1 | 79025 | 314025 ) 42-025 ) 29900 | L7002 | 3 - 35Min. | Figure9
2873002402 | 1 | 705025 | 62025 1 42 025 | 29801 | L7402 | 5 | 60 Min. - Figure 10
2843002402 | 1 | 700251 6220251 42-925 | 2901 | 17402 | 5 - 80 Min. | Figure 11
2861002402 | 1 | 7030251 62025 ) 42-025 | 29:01 | L4021 5 - 70 Min. | Figure 12
2873001802 | 2 | 6350251615025\ _ 2z M3l 8 | 85Min. - Figure 13
2843001802 | 2 | 0320251 6158025) 27202 | 114031 8 - 105 Min. | Figure 14

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.
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Miul ti-Aperture Cores

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number| Fig. A B* c E H o |wi() Impedance(Q) i}g&{,éhgj '
25 MHz 100 MHz Curve
2861001802 | 2 (0358025 161%40251  _ 275202 1 11403 | 8 = 95 Min. | Figure 15
2873001702 | 2 [6:35£025 1120£0.35 ) _ 27540.2 | 11403 1 16 | 160 Min. - Figure 16
2843001702 | 2 6-3%325 120081 - 2-?15’53-2 1-}0’5 8-3 16 = 205 Min. | Figure 17
2861001702 | 2 6-3_52’-;_)%25 12-%%35 - 2-??53-2 1'1,028'3 16 - 185 Min. | Figure 18
2873001502 | 1 | 133706 | 667025 | 752035 | 570025 | 38025 | 1.7 | 40 Min. - Figure 19
2843001502 | 1 | 133700 | 667925 | 7.55035 | 572025 | 38025 | 1.7 - 70 Min. | Figure 20
2861001502 | 1 [133506 | 602025 | 754085 | 57025 | 382025 | 1.7 - 55 Min. | Figure 21
2873000302 | 1 13_-g§g-6 10_-43533 7-?;8535 57;3525 3-§1ig625 2.6 | 60Min. — Figure 22
2843000302 | 1 | 133506 | 108503 | 7.5:035 | 572025 | 382025 | 26 —~ 110 Min. | Figure 23
2861000302 | 1 | 133706 | 10803 | 7.55035 | 572025 | 38025 | 26 - 85Min. | Figure 24
2873000102 | 1 13_-§2ig-6 13?;33 7-?;8535 5-?213525 3-{311;)625 35 | 75Min. - Figure 25
2843000102 | 1 | 133:06 | 13403 | 756035 | 57:0.25 | 384025 | 35 - 140 Min. | Figure 26
2861000102 | 1 13'-35-';)-6 13;;%3-3 7-?;8535 5-?%2525 3-§1£g625 35 = 110 Min. | Figure 27
2873000202 | 1 133206 | 14.3520.5) 75:0.35 | 5720.25 | 3820251 37 | 85 Min. - Figure 28
2843000202 | 1 | 133706 14352051 7.55035 | 572025 | 38025 | 37 - 145 Min. | Figure 29
2861000202 | 1 | 133:06 |14.35205] 75:0.35 | 57025 | 384025 | 37 - 120 Min. | Figure 30
2873006802 | 1 | 133206 2705075 | 752035 | 572025 | 384025 1 7.0 | 145 Min. - Figure 31
2843006802 | 1 | 133506 27,0075 754035 | 572025 | 3820251 7.0 - 240 Min. | Figure 32
2861006802 | 1 [ 133206 27050751 7.5:0.35 | 572025 | 382025 | 7.0 - 225 Min. | Figure 33
2843010402 | 3 [1945704 | 127205 | 952025 | 9.99.25 | 475202 | 75 - 160 Min. | Figure 34
2843010302 | 3 (1945041 20407 | 9.5:025 ) 9.9:025 | 475202 1 18 - 320 Min. | Figure 35
2843000002 | 3 [ 287206 | 28707 | 1425503 | 140403 | 6.3550.151 48 - 400 Min. | Figure 36
2861010002 | 3 [ 302200 | 287307 | 15004 | 140403 | 68802 | 46 - 480 Min. | Figure 37

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.
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Miulti-Aperture Cores
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Figure 4 Impedance, reactance, and resistance vs. Figure 5 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
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Figure 6 Impedance, reactance, and resistance vs. Figure 7 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
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Figure 8 Impedance, reactance, and resistance vs. Figure 9 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
2843002702. 2861002702.
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Mul ti-Aperture Cores
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Figure 10 Impedance, reactance, and resistance vs. Figure 11 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
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Figure 12 Impedance, reactance, and resistance vs. Figure 13 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
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Figure 14 Impedance, reactance, and resistance vs. Figure 15 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
2843001802. 2861001802.
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Figure 16 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core
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Figure 18 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core
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Figure 20 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core
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Figure 17 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core
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Figure 19 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core
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Figure 21 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core
2861001502.
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Mul ti-Aperture Cores
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Figure 22 Impedance, reactance, and resistance vs. Figure 23 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
2873000302. 2843000302.
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Figure 24 Impedance, reactance, and resistance vs. Figure 25 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
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Figure 26 Impedance, reactance, and resistance vs. Figure 27 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
2843000102. 2861000102.
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Mul ti-Aperture Cores
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Figure 28 Impedance, reactance, and resistance vs. Figure 29 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
2873000202. 2843000202.
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Figure 30 Impedance, reactance, and resistance vs. Figure 31 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
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Figure 32 Impedance, reactance, and resistance vs. Figure 33 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
2843006802. 2861006802.
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Mul ti-Aperture Cores
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Figure 34 Impedance, reactance, a}nd resistance vs. Figure 35 Impedance, reactance, and resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
2843010402. 2843010302,
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Figure 36 Impedance, reactance, and resistance vs. Figure 37 Impedance, reactance, a_md resistance vs.
frequency curve for multi-aperture core frequency curve for multi-aperture core
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Engi neering Evaluation Kits

Bead, Bal un and Broadband Kit |1.

Part Nunber 0199000011.

Thskit isthelaest version o thefirst engnearing kit
introduced in 1978 It has an assortnert of 34 parts,
consi sting of snall BM suppressi on beads, beads on
leads and mul ti-aperture cores. To obtain optinum
perfornance over a broad frequency spectrum
sanples are supplied in several Fair-Rte naterias.

Expanded Cabl e and Gonnect or

BEM Suppressor Kit.

Part Nunber 0199000005.

Thisis our nost popul ar engineering kit. As the nane
inplies, thiskit provides abroad sanpling of suppres-
sion cores, specifically designed to attenuate BEM
betvween all types of cable connected systens. To
assenl e the split cable suppression cores, nylon
cases ad sted cdipsaeindudedinthskit.

Expanded Bead- on-Lead EM Suppressor Kit.
Part Nunber 0199000010.

Twenty-four wred beads in three basic design ge
onetries are included in this eval uation kit. These
beads are supplied in three suppressor naterials;
73, 43 and 61.

Shap-1t Gabl e Suppressor Kit.

Part Nunber 0199000017.

Thiskit contains sixsets of round cabl e sngp-its intwo
of our naterials; the high resistivity NZn 44 naterid
and the new recently introduced Mizn 31 naterial .
Bther nateria in these round cabl e snap-its can be
used to suppress frequencies up to 500 M.

The round cable snap-its can acconmodate round
cables wth dianeters from.160 to . 750 inches.

Fair-Rte BEM Suppressor Retro Kt.

Part Nunber 0199000008.

This evduation kit cotains tw sets each of ten
dfferent split cabe BM suppression cores, instdled
inther gopropriate nylon cases. This eva uation kit
wll prove particdarly usefu in new and existing
designs, that use flat or round connecting cadl es,
vhere BEM attenuation is required.

Fair-Rte Surface Munt Bead Kit.

Part Nunber 0199000014.

Twel ve surface nount beads in five geonetries
are in this engineering kit. These SMbeads are
for use in differential and comnmon-node appli -
cations. Qur suppression materials 43, 44 and 73
aeadl includedinthis kit.

Fair-Rte Ghip Bead K t.

Part Nunber 0199000018.

This kit contains 20 different chip bead parts in
four different B A standard package sizes. This
kit contains |owcurrent, nediumcurrent, as well
as high current chip beads. Asoincludedinthis
kit are a selection of low standard, and high
signal speed parts.

BEM Suppression Bead Kit.

Part Nunber 0199000019.

This kit contains 20 different BM suppressi on beads
intw dfferent naterials;, 73 and 43 nateria. The
beads range froma di aneter of 0.85nmup to 5.0 nm

Gnnector Hate Kt.

Part Nunber 0199000020.

This kit cotains 20 different suppression plates in
hghresistivity NZh 44 naterid .

These nine Fair-Rte engineering eval uation kits are
avalabefromFair-RteinVe I kill, NY. They canal so
be purchased fromour distributors.

Heaserefer toor veb site at wwfair-rite.comfor a
copletelist o or dstribuas.

Faj r-H te P OdUCt s Cor p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .
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Round Cabl e EM Suppression Cores

Listed in ascending order of “B’ di nension.

Far-Rte offers a broad sel ection of round cable EM suppressi on cores wth guarant eed
I npedance speci fications over a wde frequency range.

e The “H columm gives for each core size the cal culated dc ‘
bias fieddinoersted for 1turnand 1 anpere direct current.
The actudl dc Hfiedinthe apicationis this vaue of Htines
the actud N (anpere - turn) product. For the effect of the %
dc bias on the inpedance of the core naterial,
see the graphs on pages 179-180, F gures 16-20.

e For typica inpedance vs. frequency curves, see Fgures 1-5.

« Round cabl e BEM suppressi on cores are control led for i npedance
linmts only. They are tested for inpedance wth a single turn, using the Hewett Packard HP 4193A \ector | npedance Mt er
for beads in 31 and 43 nateria and the HP 4191A R | npedance Anal yzer for 61 nateria beads.

e For snal ler size cores, please refer to our BM Suppressi on Beads section found on page 24 of this catal og.

e For any round cable BM suppression core requirenent not listed in the catal og, please contact our custoner
service gowp for availability and pricing

* The Bxpanded Gabl e and Gonnector BEM Suppression Kit (part nuniber 0199000005) contains a sel ection of these
suppressi on cores. (See page 92).

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)
Part Number** A B c* Wt(g) | H©e) | 10MHz | 25MHz | 100 MHz | 250 MHz
2631480102 | 2304 | 49,02 | 1204 | 48 | 52 |46 Min. | 70Min. [140+20% | -
2643480102 | 12304 | 4952025 | 127204 | 48 | 52 - 67 Min. |121Typt | -
2631480002 | 2324 | 49,02% | 2405 | 95 | 52 |92 Min. [140 Min. [295:20% | -

12.3+0.4 4.95+0.25 25.4+0.75 .
2643480002 e 200 500 95 | .52 - |132Min. |236 Typ? -

14.3+0.45 6.35+0.25 5.3-0.45 .
2643540702 e %56 200 26 | .43 - 24 Min. | 50 Typ? -

2643540102 | 432045 | 6.35:025 1101504 1 51 | 43 - 49 Min. | 89 Typ? -
2631540202 | 143040 | 035025 | 18807 | 68 | 43 [46Min. |70Min. [140+20% | -
2643540202 | 432045 | 6.35:025 1 138 0.7 6.8 | .43 - 62 Min. |118 Typ! -
2661540202 | 4304° | 6352025 1138 07 1 68 | 43 - - [100 Min. |180+20%
2631540002 | *04° | 635025 1 2807075 | 14 | 43 |95Min. |145Min. [300£20% | -
2643540002 14':.’;5&45 6'3.5550625 Zsfig'&-’? ° 14 43 = 137 Min. |250 Typ? =

**Bold part numbers designate preferred parts. 1Guaranteed Z Min is Z Typ -20%
*This dimension may be modified to suit specific applications.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .
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Round Cabl e EM Suppression Cores

Listed in ascending order of “B’ di nension.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)

Part Number** A B C* Wt (g) | H(Oe) 10 MHz 25 MHz 100 MHz 250 MHz
2661540002 | 1435045 | 0357025 | 2802075 | 44 | 43 - - | 200 Min. | 310+20%
2643540302 | 43045 | 73025 | 1528504 | 75 | 41 ~ | 60OMin. [118Typt |
2643800302 | 127020 | TASE02 | 49:025 | 17 | 43 - | 21 Min. | 42 Typ? -
2643540402 | 143045 | 7252015 | 2852075 14 | .40 - 114 Min. | 215 Typ! -
2643801102 | 127202% | 7902 6.3520-2 21 | .40 - 21 Min. | 41 Typ! -
2643801902 | 1272025 | 7902 127504 43 | .40 - 35 Min. | 73 Typ! -
2631625002 16-2§6-2g-75 7-92(1’-225 14-?;52-35 87 | .36 | 42Min. | 60 Min. |130+£20% -
2643625002 16-2§6-2g75 7-9;2-225 14-?;52-35 8.7 .36 - 56 Min. | 113 Typ! -
2631625102 | 1625075 | 79025 | 286X075 1 47 | 36 | 82Min. |125Min. |260:20% | -
2643625102 16'2_56'2g'75 7'9_32'225 28'{’_{2'575 17 .36 - 104 Min. | 213 Typ?! -
2643625202 | 1025°0.75 | 791025 20850 31 | .36 - 188 Min. | 384 Typ! -
2643665002 | 1745204 | 951025 1 6.35:025 45 | .32 - 21 Min. | 44 Typ! -
2643665802 | 174ox04 9.920.25 12.120.5 90 | .32 - 44 Min. | 88 Typ! -
2631665702 17-‘_1(;3;34 95:133525 28&2-575 20 .32 71 Min. | 110 Min. | 225+20% -
2643665702 | 174304 | 958025 | 28.5x0.75 20 | .32 - 100 Min. | 200 Typ! -
2661665702 | 1745204 | 951025 | 28562075 20 | .32 - - 125 Min. | 260+20%
2631626302 19-97-3%65 10-1%%25 14-6§5-6 2-75 12 29 | 35Min. | 55 Min. |115+20% =
2643626302 | % [T [ | 12 | 29 - | soMin. | 96Typ! | -
2631626402 | 190,905 10158025 | 2802075 | 53 | 29 | 71Min. |110 Min. |225:200% | -
2643626402 | 190,200 | 10459025 | 28OS 103 | 29 - |102Min. [196Typ! | -
2643626502 | 190,905 10435025 | SO08<L0 41 | 29 - | 180 Min. | 348 Typ? -
2643801502 | 2°;500% | 1272035 1 635025 1 99 | 23 - 27 Min. | 53 Typ! -

**Bold part numbers designate preferred parts. 1 Guaranteed Z Min is Z Typ -20%
*This dimension may be modified to suit specific applications.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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Round Cabl e EM Suppression Cores

Listed in ascending order of “B’ di nension.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(()
Part Number** A B Cc* Wt (g) | H (Oe) 10 MHz 25 MHz 100 MHz 250 MHz
2643102402 | 25.9%0.75 | 12.8+0.25 21.3:05 35 22 - 88 Min. | 183 Typ! -
1.020 .505 .840
25.9+0.75 12.8+0.25 21.3x0.5 - - ;
2661102402 1020 505 840 35 .22 135 Min. | 275+20%
2631102002 | 2°2%075 | 128025 | 28608 | 46 | 25 | g2Min. | 125Min. | 260+200%| -
25.9+0.75 12.8+0.25 28.6+0.8 .
2643102002 1.020 505 1125 46 .22 - 116 Min. | 235 Typ?! =
25.9+0.75 12.8+0.25 28.6+0.8 .
2661102002 1.020 505 1125 46 .22 = = 180 Min. | 310+20%
20.95+0.4 13.2+0.3 6.35%0.2 _ . _
2643800602 805 520 250 5.8 .24 19 Min. | 44 Typ?
20.95+0.4 13.2+0.3 11.9+0.4 - ; 1 -
2643800502 805 520 468 11 .24 36 Min. | 82 Typ
22.1+0.4 13.740.3 6.35£0.2 6.5 - ; 1 -
2643801802 570 'e40 250 .23 20 Min. | 45 Typ
28.5+0.6 13.8+0.3 28.6+0.8 ; ; =
2631101902 1122 543 1125 56 .21 85 Min. | 130 Min. | 270+20%
2643101902 28.5+0.6 13.8+0.3 28.6+0.8 56 21 _ 116 Min. | 230 Typl _
1.122 .543 1.125
2643801402 25.4%0.6 15.5£0.5 8.1+0.3 11 .20 = 28 Min. | 55 Typ! =
1.000 .610 .320
25.4+0.6 15.5+0.5 12.7+0.4 .
2643806402 1.000 610 ‘500 17 .20 - 42 Min. | 90 Typ! -
39.1+0.75 16.75+0.5 22.2+0.8 i 1
2643251002 1540 660 875 84 .16 - 108 Min. | 230 Typ -
29.0+0.75 19.0+0.5 7.5+0.25 .
2643801002 1.142 748 595 12 17 - 22 Min. | 47 Typ? -
29.0+0.75 19.0+0.5 13.85+0.4 _ i 1 _
2643801202 1142 748 £AS 23 17 41 Min. | 92 Typ
31.1+0.75 19.05+0.5 16.3-0.75 i 1
2643804502 1 295 750 627 33 17 - 48 Min. | 100 Typ -
35.55+0.75 22.85+0.5 12.7+0.5 i 1
2643802702 1.400 900 '£00 32 .14 - 38 Min. | 80 Typ -
50.8+1.0 25.4+0.5 25.4+0.75 i 1
2643626102 000 1,000 1000 158 11 - 102 Min. | 224 Typ -
50.8+£1.0 25.4+0.5 28.7+0.75 .
2643625902 2.000 1.000 1.130 178 A1 - 116 Min. | 254 Typ? -
50.8+1.0 25.4+0.5 38.1+0.75 .
2643626202 2.000 1.000 1.500 237 A1 - 154 Min. | 336 Typ? -
50.8+1.0 25.4+0.5 50.8+1.0 .
2643626002 2.000 1.000 2.000 315 A1 = 192 Min. | 360 Typ?! =
61.0+1.3 35.55+0.75 12.7+0.5 .
2643803802 2400 1.400 500 105 .09 - 46 Min. | 108 Typ! -
**Bold part numbers designate preferred parts. 1 Guaranteed Z Min is Z Typ -20%

*This dimension may be modified to suit specific applications.

Faj r-H te P OdUCt S COI’ p P.Q Box J, e Conmercial Row Véllkill, NY 12589-0288
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Split Round Cable EM Suppression Cores

Suppression cores for round cables are available for arange of cable daneters. Instaled around
acable these 43 and 44 nateria cores, provide comon-node filtering for nulti-strand cabl es
ad dfferentid node filtering for sing e conductors.

Rl ypropyl ene cases nake the assently of the core halves a snap. Qxes are easily installed in
equi pnent where a retrofit proves necessary. See page 101 for available cases.

e Qres are controlled for inpedance lints only. Two cores naking a set are tested for inpedance wth a single turn,
using a Hewett Packard HP 4193A \ector | npedance Meter.

e Qres are sd d as pieces.

e For one piece round cabl e BM suppressi on cores, see page 94.

e For split round cable BEM suppressi on cores assentl ed i nto cases, see page 101
e For inpedance vs. frequency curves, see Hgures 3-12.

e For any split round cable BEM suppression core requirenent not listed in the catal og,
please contact our custoner service group for availability and pricing.

¢ The Expanded Gabl e and Gonnector BEM Suppressor Kit (part nunber 0199000005) and the
Fair-Rte BM Suppressor Retro Kit (part nunber 0199000008) contain a sel ection of these suppressi on cores. See page 92

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)
o Max. | case Z, Rg, X_ Vvs.
Part Number* | Fig. Cable A B c D Wt (g) | 25 MHz | 100 MHz | Case P/N Fig.~ | Frequency
Diameter Curve

2643166751 | 1 | 3> | 705025 12340.251 7.8-05139-025 | 11 |48 Min. | 93 Typ! - - Figure 3

6.4 . .
2643165451 | 1 | 5o | 1O950-25 | 6.620.3 115254061 7.5x0.15 | 73 |75 Min. [155 Typt| - - Figure 4
2643164251 | 1 | Sap | 1502025 | 6.6¢03 1286208 | 756005 | 14 130 Min.|275 Typ! |0199164251| 1 Figure 5

7.6 . .
2643625006 | 2 | 00 | “ese | “aaa |Moaet | T2 | 5.0 |40 Min. |113 Typ! |0199625006( 2 Figure 6
2643665806 | 2 | 5o | Mead® | 95503 | 1ALed4 8752025 52 |33 Min. | 88 Typ! 0199665806 2 Figure 7
2643167251 | 1 | 50 | 1855504 10.1520.3)28.0:0.8 1942015 | 18 [110 Min.|225 Typ? [0109167251| 1 Figure 8
2643800506 | 2 | 5l | 2105 |132%04 | 113404 11025025 1 60 |28 Min. | 75 Typ? |0199800506| 2 Figure 9
2643164151 | 1 | ol | Bose® [P03a03| 286208 (12958025 38 |125 Min. | 250 Typ! | 0199164151| 1 Figure 10
2643806406 | 2 | 150 | 254e06 | 155%805) 1275041 127403 | 97 (34 Min. | 90 Typ! (0199806406 2 Figure 11
2644173551 | 1 | 190 | 259#05 118.8+0.3 138.920.4 113.0:0.25 | 39 |75 Min. |195+20% |0199173551| 1 Figure 12

.750 1.020 .740 1.532 512

*Bold part numbers designate preferred parts. 1 Guaranteed Z Min is Z Typ -20%

**Refer to page 101 for dimensions and figures for split round cable EMI suppression core cases.
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Split Round Cable EM Suppression Cores
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Split Round Cable EM Suppression Cores
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Split Round Cable EM Suppression Cores

Several cases are avail abl e whi ch nakes the assentl y of the core hal ves a snap.
The pol ypropyl ene cases have a flamabi lity rating of L 94-\0.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number Fig. A B c D E Part Number*
Case Case & 2 Ferrite Parts

17.9 7.0 323 9.2 9.0

0199164251 | 1 705 275 1972 362 354 0443164251
24.7 7.9 22.8 10.2 17.8

0199625006 | 2 972 311 898 402 201 0443625006
26.3 9.2 21.4 11.0 16.4

0199665806

2 1.035 .362 .843 433 .646 0443665806

22.1 10.2 323 11.0 9.0

0199167251 | 1 870 402 1972 433 354 0443167251
29.7 12.8 20.6 12.7 15.6

0199800506 | 2 1169 504 811 500 614 0443800506
29.0 13.4 325 14.8 18.0

0199164151 | 1 1142 528 1.280 583 209 0443164151
34.3 15.0 21.2 15.0 16.2

0199806406 | 2 1.350 501 835 501 638 0443806406

0199173551 | 1 | 292 | 194 | 420 147 - 0444173551
1.150 764 1.654 .579

* See page 102.
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Round Cabl e Snap-its

Round Gabl e Shap-its can acconmodat e round cables wth dianeters from. 160 to . 750 i nches.
These parts are available in several nateria s and can be used to suppress frequencies up to
500 M. These cabl e cores wll provide conmon-node filtering for milti-strand cabl es and
dfferetid node filtering far sing e coductars.

The pol ypropyl ene cases have a flammability rating of W 94-\0.

e Qres are contra led for inpedance limts only. Two cores naking a set are tested for inpedance wth a single turn,
using a Hew ett Packard HP 4193A \ector | npedance Meter.

« For one piece round cable BEM suppressi on cores, see page 94.
« For inpedance vs. freguency curves for these parts, see Fgures 4-23.

e For any round cable snap-it core requirenent not listed in the catal og, please contact our custoner service group
for avalaility ad pricing
» The Expanded Gabl e and Gonnector BEM Suppressor Kit (part nuniber 0199000005), the Fair-Rte BEM Suppressor Retro Kit

(part nuniber 0199000008), and the Shap-it Gable SQuppressor Kit (part nuniber 0199000017) contain a sel ection of these
suppressi on cores. See page 92.
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Round Cabl e Snap-its

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

_ Cable Impedance(Q) Z,Rs, X, vs.

Part Number* | Fig. Diameter A B** C D E 10 MHz 25 MHz 100 MHz Fregljjslnecy
0431173951 | 1 3.3 hax. B8 S | &2 | 3R - 48 Min. | 80 Min. | 180+20% | Figure 4

0444173951 | 1 5.3 Max. 128 1 5L | 280 | 58 - - 75 Min. | 150£20% | Figure 5

0431164951 | 1 gfol\fﬂagx .167533 _g-olo ?% ?3;‘3‘;% = 80 Min. | 135 Min. | 280+20% Figure 6

0444164951 | 1 2130“@)( }6%(?; .gblo f% %gi - - 115 Min. | 245+20% Figure 7

0443164251 | 2 .fzigol\{\lﬂa& 17703 _;-705 1?%-7?’2 .3622 = = 130 Min. | 275 Typ?! Figure 8

0431164281 | 1 gotac | D2 0SS | e | % - 90 Min. | 150 Min. | 310+20% | Figure 9

0444164281 | 1 | ZoMax. 200 | SO | 392 | %5 - - 125 Min. | 260+20% | Figure 10
0443625006 | 3 | ZeMax | 27 79 | 28 ) 102 | 108 - 40Min. | 113 Typ! | Figure 11
0443665806 | 3 ggs"{\'/lagx 12833’5 '3622 %14-31 ,1419;2 ﬁ-g = 33 Min. | 88 Typ! Figure 12
0443167251 | 2 }3998 mz: 28273 i%g 135-732 %g - - 110 Min. | 225 Typ? Figure 13
0431167281 | 1 e N i o 65 Min. | 115 Min. | 240+20% | Figure 14
ouasorzen | 1 | gt | B[z [ 8 (U8 | - | - | 00w | 2t0m0% | Fouess
0443800506 | 3 [ ixIMax. | 290 | 128 | 200 | 127 ) 150 - 28 Min. | 75 Typ! | Figure 16
0443164151 | 2 .15ng mz 12,22?2 }532-;3‘ fgg% }5432 - - 125 Min. | 250 Typ? Figure 17
0431164181 | 1 1s8Max. [ S1O | 130 | 398 | 1A - 80 Min. | 125 Min. | 260+20% | Figure 18
owaoniss | 1 | GRS | 0 | 82 | Bt | e | - | - | 1owin | zmesem | Fgwes
0443806406 | 3 oMax. | B3 5Y | %2R & - 34Min. | 90 Typ | Figure 20
0431173551 | 2 | ‘npMax. | 232 ) 188 1 420 | e - | 55Min. | 100 Min. | 220+20% | Figure 21
0444173551 | 2 | oMax | 23Z | 188 220 | g - - 75 Min. | 195:20% | Figure 22
0444176451 | 1 _17958 k"&: ?853 18.35 1% 1_3-5145 - - 140 Min. | 365+20% | Figure 23

* Bold part numbers designate preferred parts. ! Guaranteed Z Min is Z Typ -20%

** "B" dimension is the core dimension.
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Phone:
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Figure 4  Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0431173951.
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Figure 6 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0431164951.
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Figure 8 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0443164251.
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Figure 5 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0444173951.
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Figure 7 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0444164951.
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Figure 9 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0431164281.
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Round Cabl e Snap-its
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Figure 10 Impedance, Reactance, and Resistance vs. Figure 11 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0444164281. Frequency for round cable snap-it 0443625006.
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Figure 12 Impedance, Reactance, and Resistance vs. Figure 13 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0443665806. Frequency for round cable snap-it 0443167251.
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Figure 14 Impedance, Reactance, and Resistance vs. Figure 15 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0431167281. Frequency for round cable snap-it 0444167281.
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Round Cabl e Snap-its
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Figure 16 Impedance, Reactance, and Resistance vs. Figure 17 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0443800506. Frequency for round cable snap-it 0443164151.
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Figure 18 Impedance, Reactance, and Resistance vs. Figure 19 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0431164181. Frequency for round cable snap-it 0444164181.
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Figure 20 Impedance, Reactance, and Resistance vs. Figure 21 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0443806406. Frequency for round cable snap-it 0431173551.
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Round Cabl e Snap-its
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Figure 22 Impedance, Reactance, and Resistance vs. Figure 23 Impedance, Reactance, and Resistance vs.
Frequency for round cable snap-it 0444173551. Frequency for round cable snap-it 0444176451.
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Flat Cable EM Suppression Cores

Far-Rte offersaline of flat cab e BEM suppression cores to attenuate radiated BM emssi ons
fromribbon cabl es. These cores can acconmodat e a range of cabl e sizes and conduct ors.

See page 115 for cases and clips to assist inthe assenly of the split cadl e core hal ves.
For Hat Glhle Swap-its, see page 116.

« | npedance val ues for parts shommin Fguwes 1, 2, and 3 are for acore set. Parts shomin FHgures 1, 2, and 3 are sa d
as pi eces.

e Qres are controlled for inpedance linits only. They are tested for inpedance wth a single turn, using a
Hew ett Packard HP 4193A Vector | npedance Meter.

« For inpedance vs. freguency curves for these parts, see FHgures 6-35.

e For any flat cable BM suppression core requirenent not listed in the catal og, please contact our custoner service group
for adlaility ad pricing

e The Expanded Gibl e and Gnnector BM Suppressor Kit (part nunber 0199000005) and the Fair-Rte BEM
Suppressor Retro Kit (part nuner 0199000008) contain a sel ection of these suppression cores. See page 92.
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Flat Cable EM Suppression Cores

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

; Max. Impedance(Q) A Z, R, X, Vs.

Part Number**|Fig.] Cable A B C* D E Wt (9) Clip PIN | Case PIN | Frequency
Cable 10 MHz| 25 MHz| 100 MHz Curve

2643171351 1 OO0 | 114025 | 602015 | 762025 | 33025 | 045015 | 14 | —  |4omin|80Typl| - — | Figues
2643172751 2 | 100 | 143202 | 1002013 | 1002013 | 255005 | 054025 | 15 | — | 25Min|s9Typt| - — | Figure 7
2643173g51| 27| 1400 | 1652025 | 125202 | 10254025 | 202015 | 054025 | 13 | — |26Min|60Typl| - - | Figure8
2643170251 3 | 1A0M [#2752965 | 127205 | 121405 | 33025 | L1025 | 55 | — |aimin|7aTypl| - — | Figue 9
2643160551| 4 [ MHLT | 19904 | 1422025 | 1015605 | 6350025 1 09015 | 57 | —  |2gmin| 75Typl| - —  |Figue 10
2643168751 4 | LAR0 | 225075 | 17805 | 127504 10195025 ) 2555925 | 13 | —  |ssMin|esTypl| - —  |Figure 11
2643173351 5 | 290N | 245204 | 200404 | 120:03 | 505025 | 0.7%40.25 | 66 | — |25Min|55Typl| - —  |Figure 12
2643168651 3 | 2000 |388520.75 | 26.1940.75 | 28607 | 130203 | 635025 | 45 | —  |somin|1ssTypl| - —  |Figure 13
2643164551| 4 [ 2P | 810 20050075 ) 123204 | 1205%04 1 1904 [ 25 | — |agmin|o8Typl| - —  |Figure 14
zessirioss] 2 | 2 | ik [Pe507| 2704 (6352025 [ 0802 | 1y | = | sownonmyod| S0~ |rguess
2643166851| 2 [ 200 | 380 20850075 ) 2545075 | 6.35:025 1 08592 | 27 | — | goMin|220 TypY oree001401| —  [Figure 16
2631163851| 4 | 27050 | 25 kos] |20oe0 | 200 [ 12004 | 1904 | 51 |50 Min.| 85 Min.| 205:20% | — - |Figure17
2643163851 4 | 25050 | SO EpC |OLoE0 75| 245005 | 1205504 | 19204 | 51 | — | 7min|105TypY - —  |Figure 18
2643172551 5 | 37 | 335095 | 21005 | 80=04 | 055025 | 1207 68 | — |1amin|a2Typl| - - |Figure 19
2643169351 4 | 270 |3305X0.75 | 275405 | 132405 | 6.7404 | 13940251 15 | —  |o5Min|esTypl| - —  |Figure 20
2643167051 27| 230 | 409075 | 2826075 | 12.720.25 | 1502025 | 852015 | 25 | — |a7min|ssTypl| - —  |Figure 21
2643166451 2 | 220 | 3830010 | 21910 | 28EDT | 90903 | 33%025 1 35 | — | 72Min.|170 TypH oresot0s01|  —  [Figure 22
2643168051 2n [ 320 | 529¢10 | 330:0.7 | 3125220 | 125404 | 35204 | 84 | — |iosmin|243TypY| - —  |Figure 23
2643167551| 2 3200 | SS90 | 33007 | 635516 | 125504 1 3504 170 | - |2t0minjac0Typl - —  |Figure 24
sossiroos| 2 | 2 [ 2075 | 07 | 2o [09505 | 002 [ 15 | — | sown fuoryo| SR~ |rowes
2643166551 4 | 34 | 4512075 | 334207 | 28607 | 1245404 | 13403 | 71 | _ |76Min|195Typl| — |o100166651 | Figure 26
2643166651 2 | MM | 4612075 | 344507 | 286207 |635:025 | 08502 | 35 | _ | 77w 225 Typt| 90000 roorcneet | e 77
oot 2 | T | S | S | PEY [ PR| TR [ # | = [mw || Sl — [romem
2631163951| 2 | 000 | 5360 | “5negt | Aoe? [0 | Osa? | 50 |35 Min.| 75 Min. | 2355200 | Oroeorcaes | 0199163951 [ Figure 29
2643163051| 2 [ S2mm | 635213 | 521411 | 286:0.8 | 6.3560.25 | 085202 | 50 | _ | 70Min.|225 Tyl Oroncoenar | 0199163951 [ Figure 30
sorstorrsi 2 | T | T | SEE | PLSY | | O | @ | - |eown mone] S~ [reuet
2631164051| 2 | Somm | 762415 | 65,3513 | 28.6:0.8 | 6.3560.25 | 085202 | 60 |32 Min.| 65 Min.| 225:2006 | 51000 %40 0199164051 | Figure 32
oo 2| S | S | S0 | A | TH | VH | @ | - [soun o] S e s
soscarii] 2| T | B | | P | | | 3 | - || sroed| S e
zoasios] 2 | o | P? | TS | A | T | T | 0 | = [sown|zr SR — [
* This dimension may be modified to suit specific applications. A Part does not have clip slots as shown in figure.
** Bold part numbers designate preferred parts. 1 Guaranteed Z Min is Z Typ -20%
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Flat Cable EM Suppression Cores
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Figure 6  Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression
core 2643171351.
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Figure 8  Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression
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Figure 10 Impedance, reactance, and resistance vs.

frequency for flat cable EMI suppression
core 2643169551.
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Figure 7 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression
core 2643172751.
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Figure 9  Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression
core 2643170251.
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Figure 11 Impedance, reactance, and resistance vs.

frequency for flat cable EMI suppression
core 2643168751.
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Flat Cable EM Suppression Cores
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Figure 12 Impedance, reactance, and resistance vs. Figure 13 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression frequency for flat cable EMI suppression
core 2643173351. core 2643168651.
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Figure 14 Impedance, reactance, and resistance vs. Figure 15 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression frequency for flat cable EMI suppression
core 2643164551. core 2643171051.
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Figure 16 Impedance, reactance, and resistance vs. Figure 17 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression frequency for flat cable EMI suppression
core 2643166851. core 2631163851.
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Flat Cable EM Suppression Cores
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Figure 18 Impedance, reactance, and resistance vs. Figure 19 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression frequency for flat cable EMI suppression
core 2643163851. core 2643172551.
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Figure 20 Impedance, reactance, and resistance vs. Figure 21 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core frequency for flat cable EMI suppression core
2643169351. 2643167051.
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Figure 22 Impedance, reactance, and resistance vs. Figure 23 Impedance, reactance, and resistance vs.

frequency for flat cable EMI suppression core

2643166451.
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frequency for flat cable EMI suppression core
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Flat Cable EM Suppression Cores
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Figure 24 Impedance, reactance, and resistance vs. Figure 25 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core frequency for flat cable EMI suppression core
2643167551. 2643170951.
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Figure 26 Impedance, reactance, and resistance vs. Figure 27 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core frequency for flat cable EMI suppression core
2643166551 and flat cable snap-it 0443166551. 2643166651 and flat cable snap-it 0443166651.
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Figure 28 Impedance, reactance, and resistance vs. Figure 29 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core frequency for flat cable EMI suppression core
2643168251. 2631163951 and flat cable snap-it 0431163951.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .



114

14th Edition

Flat Cable EM Suppression Cores
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Figure 30 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core

2643163951 and flat cable snap-it 0443163951.
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Figure 32 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core

2631164051 and flat cable snap-it 0431164051.
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Figure 34 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core
2643171151.
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Figure 31 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core

2643167751.
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Figure 33 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core
2643164051 and flat cable snap-it 0443164051.
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Figure 35 Impedance, reactance, and resistance vs.
frequency for flat cable EMI suppression core
2643168351.
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Flat Cable EM Suppression Cores

Cases and dips

Far-Rte offers pal ypropyl ene cases and sted and pol ypropyl ene clips to assist in the assenly of
the spit cade cae hd ves.

For Hat Glble Sap-its, see pages 116 and 117.

e Hgure 1 cases are pol ypropylene wth a flammability rating of U94-\0.
e Hgue 2 and Hguwe 3 clips are 0. 5nm (.020") high carbon sted wth azinc e ectrop ae finish

eFHogueddips ae poypropylene wth a flanmability rating of U94-\0.

= = T
e slleo o b
el Ty &, [ p%}
s el | St 14—
e 0 Lo ' A T LH
E——r—— Ter
b
\ A \
Fgure 1 Fgure 2 Fgure 3

Gase has rows of serrated teeth that grip and
center the core around the cabl e (Patented).

Cases
7

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number Fi B
ig. A B C D E D =
Case

495 344 32.3 8.1 200 L i E

0199166651 | 1 | 1950 | 1350 | 1.272 | .320 787 F = }
c— G

67.8 52.1 323 8.1 38.0
0199163951 | 1 2.670 2570 | 1272 320 1.496

808 653 323 8.1 50.8 Faure 4
0199164051 | 1 | 3480 | 2570 | 1272 | .320 2.000 g

Clips

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number | g A B c D E F G H J
Clip

0199001401 | 2 | G55 | 33 | B0 | aso | ;15 | - - - -

0199010301 | 3 | %55 | 43 | 560 | e | 55 | s | 157 | 5w | i

0199016051 | 4 | %57 | ®s | 63e | oeo | 1m | 1% | s | - -

0100016551 | 4 | &7 | i3 | e | 1s | in | s | b | - -

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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Fat Cable Snap-its

Hat Gble Sap-its can acconmodat e flat cable wdths up to 2.550 inches. These parts are
available in 31 and 43 nateria which can suppress frequencies up to 500 M.

The pal ypropyl ene case has a flammabi ity rating of WL 94-\0.

e Qres are controled for inpedance lints only. They are tested for inpedance wth asing e turn, using a

Hew ett Packard HP 4193A \ector | npedance Meter.

« For inpedance vs. frequency curves for these parts, see Fgures 1-6.

e For any flat cable snap-it requirenent not listed in the catal og, please contact our custoner service group

for aveilaility and pricing

« The Expanded Gabl e and Gnnector BEM Suppressor Kit (part nunber 0199000005) and the Fair-Rte BM Suppressor
Retro Kit (part nuner 0199000008) contain a sel ection of these suppression cores. See page 92.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Numb Cable A B c 5 Impedance(Q Z,Rg, X Vs.
t .

o TUmREr L width 10MHz | 25MHz | 100MmHz | reduency
34 Max. | 495 34.4 32.3 8.1 _ : 1| e

0443166651 | 1330 Max.| 1.950 1.350 1.072 350 77 Min. | 225 Typ~ | Figure 1
52 Max. | 67.8 52.1 323 8.1 : . .

0431163951 | 030 mex| 2670 | 2080 | 1352 | 350 35Min. | 75Min. |235£20% | Figure 2
52 Max. | 67.8 52.1 323 8.1 _ . 1| e

0443163951 | 5 030 Mmax.| 2.670 2.050 1.979 320 70 Min. | 225 Typ Figure 3
65 Max. | 80.8 65.3 32.3 8.1 : . .

0431164051 | , %0 i | 3180 | 2250 | 1592 | a5 | 32Min. | 65Min. |225:20% | Figure 4
65 Max. [ 80.8 65.3 323 8.1 . .

Fair-Rte Products Corp.

Phone: (888) FAIR RTE / (845) 895-2055

(888) 324-7748

1 Guaranteed Z Min is Z Typ -20%

P.Q Box J,One Commerci al
e FAX (833 FHRTE/ (845 8%5-2629 « wwfair-ritecom e

Row, Wl lkill, Ny 12589-0288

EMil: ferrites@air-rite com

(883) 337-7483 Note: (914) Area (ode has changed to (845) .
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Fat Cable Snap-its

500 500
400 /A 400
g 300 / g 300
X y e Z
o &
N 200 ey N 200 R
A
1P 1 X
100 [ 00 / "/\ -
7 1
1%z XL 2
—“9—/ N = \
_/,:,,——" ~
0 0
10 107 108 10° 108 107 10® 10°
Frequency (Hz) Frequency (Hz)
Figure 1  Impedance, reactance, and resistance vs. Figure 2  Impedance, reactance, and resistance vs.
frequency curve for flat cable snap-it 0443166651. frequency curve for flat cable snap-it 0431163951.
500 600
400 500 {
__ 400
3 300 3 /
< / \ > 300 z
D 7l D:”’ = L
% 200 R N / \
200
1 "/\XL /\XL
i U
100 2 100 7
A
\\_ s g; = \ N
0 =111
108 10° 10° 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 3  Impedance, reactance, and resistance vs. Figure 4  Impedance, reactance, and resistance vs.
frequency curve for flat cable snap-it 0443163951. frequency curve for flat cable snap-it 0431164051.
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e z
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4 R
N
200 / XL
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0 ==l
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Frequency (Hz)

Figure 5 Impedance, reactance, and resistance vs.
frequency curve for flat cable snap-it 0443164051.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .



118 14th Edition

M scel | aneous Suppression Cores

Far-Rte has too ed several special core geonetries for use as EM attenuators.

e Qres are controlled for inpedance linmts only. They are tested for inpedance wth a single turn, using a Hewett Packard
HPA193A Vector | npedance Meter.

e For inpedance vs. frequency curves for these parts, see Fgures 58.

e For any suppression core requirenent not listed in the catal og, please contact our custoner service group
for aveiladility ad pricing

E -+ —1 7416**3}*7 D -
|
b — ' 4
ft—— C —— - A —— — - C e ——
Foure 1 Foure 2
B E +
RN o L] !
aN aN o B
W b ! |
— — i " i
T T
A c
Foure 3 Foure 4
Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.) Impedance(Q)
Z, Rs, X_ VS.
Part Number | Fig. A B C* D E Wt (g) | 25 MHz | 100 MHz | Frequency
Curve
2643167851 1 38.85+0.75 26.15+0.75 28.6+0.7 26.0£0.6 12.95+0.25 85 75 Min. | 135 Min. Figure 5
1.530 1.030 1.125 1.025 .510
26.7+0.7 17.8+0.5 18.8+0.4 19.5+0.5 9.15+0.50 i i i
2643166251 | 2 1052 o1 240 >0 360 34 60 Min. | 96 Min. Figure 6
82.6+£1.6 13.1+0.3 28.0+£0.7 12.95+0.25 19.05+0.4 . : .
2643165151 | 3 3250 516 1.100 510 750 109 130 Min. | 225 Min. Figure 7
17.8+0.4 12.7+0.5 20.32+0.5 6.6+0.25 5.08+0.25 : : ]
2643175451 | 4 700 500 "800 260 200 19 95 Min. 144 Min. Figure 8
*This dimension may be modified to suit specific applications.
Far-Rte Products Cor 0. PQ Box J e conmercial Row Vellkill, NY 12589-0288

Phone:

(888) FAR RTE / (845) 895-2055

(888) 324-7748

FAX (883) FHRRTE/ (845 8952629 « wwfair-rite.com e
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M scel | aneous Suppression Cores
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10¢ 10" 108 10° 10° 107 108 10°
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Figure 5 Impedance, reactance, and resistance vs. Figure 6  Impedance, reactance, and resistance vs.
frequency curve for suppression core 2643167851. frequency curve for suppression core 2643166251
400 300
/’\
/’\\ 250
300 7 /
= / ~ 200
g g /
< , < Z
» 200 » 150
14 o R
N Rs N
Z 100
100 A1 T~
b A X,
P X, 50 0
L A 25
///// \ /f//
o —= 0
106 107 108 10° 10° 107 108 10°
Frequency (Hz) Frequency (Hz)
Figure 7 Impedance, reactance, and resistance vs. Figure 8 Impedance, reactance, and resistance vs.
frequency curve for suppression core 2643165151. frequency curve for suppression core 2643175451.
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Connector EM Suppression Plates

To reduce conducted BM, “D type and other types of suppression plates are avail abdl e in severa
sizes and pin | ayou s.

* | npedance specification applies to all holes. They are tested for inpedance wth a single turn, using a Hwett Packard
HP 4193A Vector | npedance Meter.

e For inpedance vs. frequency curves and DC bias curves for these parts, please see Houres 7-21.

e For any connector BM suppression plate requirenent not listed inthe catalog, feel free to contact our custoner service
gop for avaldility ad pricing

e The Expanded Gabl e and Gonnector BEM Suppressor Kit (part nuniber 0199000005) and the Gonnector BM  Suppressi on
Rate Kt (0199000020) contain a sel ection of these cores. See page 92.

B
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Fgure 5 Fgure 6
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Connect or

EM Suppression Plates

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Impedance(Q)

Part Number**| Figure glfu&tl):; (I)\Ifu;znot:l\(’esr; A B C* D E F Wt (g) | 25 MHz | 100 MHz Frgdl%ﬁé()}&'rve
2644246001| 1 | 4 | 2 | 3862010 386:0.10] 152:013 [200:0.08| 200008 | 08201 | 4o |11 Min.| 22 Min.| Figure 7
152 152 .060 .079 079 .034
2644246101 | 1 4 2 3.86+0.10 | 3.86+0.10 | 6.35+0.13 |2.00+0.08 | 2.00+0.08 | 0.82+0.1 78 |37 Min.| 58 Min. Figure 8
152 152 .250 079 079 .034
2644245901 | 1 4 2 4.90£0.10 |4.90+0.10 | 1.52+0.13 | 2.54+0.13 | 2.54+0.10 | 1.22+0.07 15 |10 Min.| 22 Min. Figure 9
.193 .193 .060 .100 .100 .048
2644245601 | 1 4 2 4.90£0.10 |4.90+0.10 | 6.35+0.13 | 2.54+0.13 | 2.54+0.10 | 1.22+0.07 60 |33 Min.| 53 Min. Figure 10
193 193 .250 .100 .100 .048
2644246701| 2 | 5 1 [1255013) 204 x| 1520013 1259043 [128007] 18 [10Min.| 22 Min.|  Figure 9
2644246801| 2 | 5 | 1 |1202013 264Ma | 0903 1258043 1229007 35 |16 Min.| 20 Min.| Figure 11
2644246001 2 | 5 | 1 |1254013)254Nax | 6105013 1254013 [122007] 70 |30 Min. | 47 Min.| Figure 12
2644246201| 3 | 6 | 2 | 560010 3800L0) 15240.13 12006008 2005008 | 0821 | 75 |11 Min.| 22 Min.|  Figure 7
2644246301 3 | 6 | 2 | 5600103800101 6:35°0.13 12006008 2005008 | 0821 | 6o |37 Min.| 58 Min.| Figure 8
2644245701 | 3 6 2 7.421{3(:)3.10 4.92i9(:)3.10 1.5]%;;).13 2.511(—)(()).13 2.511(—)(()).10 1.2%1[—1%.07 22 |10 Min.| 22 Min. Figure 9
2644245801 3 | 6 | 2 | T4ROI0 14080101 635013 1254°0.13| 258010 | 1228007 ] g4 |33 Min. | 53 Min.| Figure 10
2644236101 | 4 9 2 14.1.1506i;).15 7.72600.25 3.4.?-1:;05.13 2.7.':'11(')%13 Z.Biii(;.lii 1.6%1(;(;.08 1.6 |24 Min.| 41 Min. Figure 13
2644236401 | 4 | 9 | 2 [MAXOIS| 7T 680043 | 2750043 | 285013 110008 | 35 |45 Min. | 73 Min. | Figure 14
2644247301 5 | 10 | 2 [ 0220101 33W0L0} 152043 | 12750101 121008 08105 | g |10 Min.| 22 Min. | Figure 15
2644247401 5 | 10 | 2 | 022010 |330:010) 309013 |127°0.10| 1274008 |069°005] 17 |19 min. | 33 Min.| Figure 16
2644247501 5 | 10 | 2 | 022010 330:010) 6105013 |127°0.10| 1274008 1069005 ] 34 |33 Min. | 52 Min.| Figure 17
2644247001 5 | 10 | 2 |1252:013)490°0.10] 152013 | 254013] 250010 | 122007 37 |10 Min.| 22 Min.| Figure 9
2644247101 5 | 10 | 2 |1252013]4908010) 309013 |254°0.13| 25W010 | 1225007 ] 74 |18 Min. | 32 Min.| Figure 18
2644247201 5 | 10 | 2 |125%013]4902010) 6105013 |254°0.13| 250010 | 1225007 ] 4 5 |32 Min. | 51Min.| Figure 19
2644236301| 4 | 15 | 2 |PO0025 TT5025| 43013 2708013 | 280013 | L0000 | 2.4 |24 Min.| 41 Min.| Figure 13
2644236501| 4 | 15 | 2 |PO0025| TT5025 6801013 2708013 | 285013 | 100008 | 4.9 |45 Min.| 73 Min.| Figure 14
2644373941| 6 16 2 21.(:33;'—8.25 ll..6:)5-2.40 1.5%1;()).13 2.511(—)(()).13 7.6%1(—)(()).15 1.0%;(;.15 2.9 |15 Min.| 29 Min. Figure 20
26a4373841| 6 | 16 | 2 [203%025|1015040) 3189043 259043 25WL0 | 122007 | 5 8 |24 Min.| 41 Min. | Figure 21
2644236001 4 | 25 | 2 [ 334 | TT>0201 3403 1275013 | 280043 | 10008 | 36 |24 Min.| 41 Min. | Figure 13
2644236601| 4 | 25 | 2 | 0304 775025 680013 12708013 | 280013 | L0008 | 7.5 |45 Min.| 73 Min.| Figure 14
26a4251801| 4 | 37 | 2 | Sgng” | 1o | S0 27503 | 285043 | 1O | 5 4 |24 in.| 41 Min.| Figure 13
2644251901| 4 | 37 | 2 | %207 | 7T5025 680013 2708013 | 280043 | L0008 | 11 |45 Min.| 73 Min.| Figure 14

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.
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Connect or

EM Suppression Pl ates
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Figure7 Impedance vs. Frequency for connector EMI
suppression plate 2644246001 and

2644246201.
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Figure9 Impedance vs. Frequency for connector EMI
suppression plate 2644245901,

2644246701, 2644245701 and
2644247001.
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Figure 11 Impedance vs. Frequency for connector EMI
suppression plate 2644246801.
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Figure 8 Impedance vs. Frequency for connector EMI
suppression plate 2644246101 and

2644246301.
100
80
- 2 A
€ 60 v
< N =
.l}) S
o
N 40
/4/’—“‘\\
20 //:/::7 —
P X,
L L1
0
10° 107 108 10°

Frequency (Hz)

Figure 10 Impedance vs. Frequency for connector EMI
suppression plate 2644245601 and

2644245801,
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Figure 12 Impedance vs. Frequency for connector EMI
suppression plate 2644246901.
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Connect or

EM Suppression Pl ates
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Figure 13 Impedance vs. Frequency for connector EMI
suppression plate 2644236101,
2644236301, 2644236001 and

2644251801.
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Figure 15 Impedance vs. Frequency for connector EMI
suppression plate 2644247301.
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Figure 17 Impedance vs. Frequency for connector EMI
suppression plate 2644247501.
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Figure 14 Impedance vs. Frequency for connector EMI
suppression plate 2644236401,
2644236501, 2644236601 and

2644251901.
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Figure 16 Impedance vs. Frequency for connector EMI
suppression plate 2644247401.
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Figure 18 Impedance vs. Frequency for connector EMI
suppression plate 2644247101.
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Connector EM Suppression Plates
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Figure 19 Impedance vs. Frequency for connector EMI Figure 20 Impedance vs. Frequency for connector EMI
suppression plate 2644247201. suppression plate 2644373941.
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Figure 21 Impedance vs. Frequency for connector EMI
suppression plate 2644373841.
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Ti | e Absor ber

Ferrite Ti|l e Absorber

for BMC Test Chanter
Applications from30-1500 MH
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Ti | e Absor ber

NAVAS-1-U @i d Tile Absorber

This tile offers premumperfornance wth wde-band absorpti on from30-1500 Mz and exhi bit

i nproved | owfrequency (up to-20 dB @30 M) perfornance wth reduced gap | oss effects
conpared to flat tiles. Thesetiles can beinstaled using sing e tiles or using 300 X300 nmpanel s
for faster nounting. Panels are aso available wth perforated steel backing for coverage of cham
ber air vets, ligt ogoenings or far chanbber viewports. The neturdly inert ferrite nateria is

i nconfoust i bl e.

\ B
GidTile
D mensi ons (Bold nunbers are in nillineters, light nunbers are ininches.)
Part Nunber A B C D E W (9)
10040.7 | 100£0.7 | 17.6#0.5 13.4 13.4
3642014000 | “3°g37 3,937 .68 527 527 500
Panel s 42 Mterial Properties
D nensi ons (Bold nunbers are in nillineters, light nunbers areininches.) Secific Gavity )
Part Nunber A B C W (kg) Young' s Mbdul us 18 x 10* kgf / mt
Tensile Srength 4.9 kgf / mt
300 300 18.8 .
3742014000 23.62 23.62 74 55 Gonpressi ve Srength 42 kgf /
Hexural Srength 6 kgf / m?
SdPanel: 9 Gid Tiles epoxy bonded to solid 1.2nmzinc Mi ckers Har dness 740

coated sted with 5 pre-crilled nounting hol es.
sted wth 5 pre-dri Ing ol es Qeff. of Thernal Expansion 9 x 10¢/°C

Intid Rrnesdlity (rdaive) 2100 M,
Part Nunber A B Cc W (kg) R aive Rernittivity 14 3
Resistivity 5x108 ohm cm
300 300 18.8
3742014010 | 3¢ 23.62 T4 53 Qurie Tenperature 95°C
Gonposi tion Ncke-Znc Ferrite

Vent Panel: 9 Gid Tiles epoxy bonded to perforated 1. 2nm
zinc coated sted wth 5 pre-drilled nounting hal es.

Faj r-H te P OdUCt S COI’ p P.Q Box J, e Conmercial Row Véllkill, NY 12589-0288
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Ti | e Absor ber

100mm Tiles

Thistileistheindustry standard size and exnibits excel lent overall perfornance vs. cost. These
100nmtiles can be instal led ind vidud |y using screns or adhesive and are optiondl ly availad e in
panel fornat. The 5.5nmthickness is ideally suited for conpact pre-conpliance emssi ons and

| BEG61000-4-3 radiated i nmunity chaners, while the 6.3mmthi ckness is reconmended for use
in ANH B3.4 conpliant 3 neter chaners. Tiles are surface ground on all sides to precise
nechani cal tol erances, minimzi ng gaps between adjacent tiles to ensure naxi num| ow f requency
per f or nance.

Wide-Angle Return Loss - TM Polarization

6. 3Mm Ret urn Loss (dB) 0
-5 75°
Freq (M) B 60°1—|
o 10 ° ,—’/
30 100 200 400 600 1000 1500 S .15 - ..—;/
0 30°
-8 % -0 % -0 12 9 % 20 o' Ny vd
_cI \\\ //,
5 .25 N S v,
43 N
Not es: -35 \v/
» For nore technical infornation on absorber tile 40
applications, see “Ferrite Tile Aosorbers for EMC 10 100 1000 10000

Test Chanter Applications” on page 182. Frequency (Hz)

e Return Loss val ues neasured in 39nmcoaxial airline,
usi ng HP 8753D Anal yzer.

D mensi ons (Bold nunbers are in nillineters, light nunbers areininches.)

o |
|

Part Nurber A B c D W (g)

Foaz011601 |G | B | Co | B | o

3642012401 103’_2303;713 103(319%713 5. 5.i§:713 102;%84 3 290 ‘<—B—>|
* This dinension nay be nodified. Thi cknesses are available from5.0 to 6. 7nm C | : : : |

Panel s

D nensi ons (Bol d nunbers are in mllineters, light nunhers arein inches.)
Part Nunber A B C W (kg)
3742011901 | 5%, BN 168 17.7

Each panel consists of:
36 Ferrite Tiles epoxy bonded to 9 mm (.35’) particle board
faced wth 26 GA(0. 46mm) zinc coated sted on two sides.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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| nduct1 ve

Component s
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Rods

The sinplest formof Fair-Rte pressed cores, used extensively for inductive devi ces wen i nduc-
tance to erances of +10%are permissi bl e.

Adicaios indulke cals for dfferetid inmpu filters, chokes far SRad triac circuts, inductasin
audi o cross-over networks, ignition cols, and pul se transforners.

e The “A dinension can be centerless ground to tighter tol erances.

* Rods 4277142009 through 4277453509 are used in the assentl ed bobbins, |isted on page 134, Fgure 5.
These rods have a 0. 6nm (.025") nax. chanfier on the outside corners.

e 33 materia is not recoomended for new designs.
e For infornation on rod perneability vs. rod di nensi ons, see page 13L
e For parts specifically designed for RHD applications, please refer to our RFAD Rods section found on page 132

e For any rod requirenent not listed inthe catal og, please contact our custoner service group for availability and pricing.

Dimensions
(Bold numbers are in millimeters, light numbers are nominal in inches.)
Part Number** Fig. A B c* Wt (g)
4061032221 1 0-955%025 - 7..9?3%3 08 1T ] B
4033032221 1| 09959-02 - 19203 | .08 A B .
4077032221 1 [ 09929.025 _ 7.9:03 08
4061129021 1|3 _ 127£0.4 5 Fgure 1
4033129021 1 3-2§1-2 g-25 _ 12.'5?58'4 5
4061128021 1|3 _ 1905075 | g
4033128021 1 3-2§1-2 g-25 _ 19.9?518.75 8
4061122011 1 3-2§1-2 g-25 _ 25'1%8675 11
4033122011 1 3-251-25_)’-25 _ 25;%&?5 11
4061172011 1 46-03 _ 222:075 | 1 g
4077172011 1 4-§1-7 g-3 _ 22%%75 19
4061272011 1 6-3315%-25 _ 19.9;3518.75 57
4077272011 1 6-33’3%-25 - 19'97558'75 27
4061287011 1 6-3%%25 - 22..81718.7 35
4033287011 1 6.3520:25 - ZETA G
4077287011 1 6-3315%-25 - 22.'5%)'7 35
4061276011 1 6.3520:25 - T T

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.
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Rods

Dimensions
(Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number** Fig. A B c* Wt (g) -] B

4033276011 1 6.35+0.25 - cota i (NSt

4077276011 1 6.3540.25 - 204407 | 338 A — c -

4061292011 1 [ 8358 ® ) 2BEDT | 44 fare 1

4033292011 1 6.35£0.25 _ 28607 | 4.4

4077292011 1 6-3%%-25 _ 2816112%7 4.4

4061296011 1 635025 _ 3752075 4 g

4033296011 1 6-3520:25 _ BLTSH0T5 [ 4 g ‘

4077296011 1 6354025 _ 31758075 4 g R B — I

4061266011 1| 035 - 8IS 59 ﬁ

4033266011 N S - 8IS 5.9 . .
6.35+0.25 38.1+0.75

4077266011 1 8,;%?35 - 33251%?75 5.9 fare 2

4077312911 1 o - 1500 9.1

4077374711 | 1 | P07 - R 1

4077375411 1 94502 - 4308 1 14

4077375211 1 945202 - 508:10 | g

4077485111 1 12.3:0.4 - 5567 19

4077484611 1 12.3:0.4 - e

4277142009 | 2 St | PR | B | a7

4277182009 2 110803 | 32601 | 13503 | g5

4277182209 2 11.0:0.3 | 32801 | 1552035 | ¢ g

4277242009 2 130603 | 32:01 | 13503 | g3

4277242409 2 130103 | 32801 | 17.5804 | g

4277282009 2 17:0:04 | 428015 | 135203 | 14

4277282509 2 17.0:04 | 42¢0.15 | 189520451 g

4277352509 | 2 HERE | eae | IR g

4277353509 2 210105 | 69104 | 290106 | 45

R o R A

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288
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Rods

This fanily of curves shows the val ue of the effective perneabil -
ityd aferiteradas afuctiond itsleghtodamter raio, as
vell as a fuxtion of the nateria perneebility of the rod It
illustrates that generdly, a great difference exists between the
nateria perneability and the effective permegdility of arad It

asoillustrates how insoneinstances, the effective perneaddility
of arod can be influenced by changing its nechanica dinen
sions nore than by changing its nateria perneability, wiile in
other cases, the reverse is true

Rod Permeability vs. Rod Length
divided by Rod Diameter

60
[ The inductance of the coil,
[ provided the winding covers the
—— whole length of the rod is given by:
50 — L=, tioq NZA 104 (uH)
| /
Where: //
[ N = number of turns //
40| A = cross sectional area of rod (cm?) 77 and 78 material //
|1 = length of coil (cm) /
| uo=4n107 / 33 material
Vi e
Hrod /
'
30 yd
/, //61 material
4
/7
20 / /r
//
10
/
0
1 2 3 4 5 6 7 8 9 10

Rod Length/Rod Diameter
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RFI D Rods

This newproduct is specifically designed for use in transponders in RA D applications.
Far-Rte offers two nateria s for the tw operating frequency bands, centered around
125 kHz and 13.56 Mz, in an assortnent of sizes.

« 78 materia is reconmended for 125 kHz applications and 61 naterial is reconmended for 13.56 Mz applications.

*H, isanempirica val ue derived fromthe graph on page 131 and is to be used for reference only.

e For any RFADrod requirenent not listed inthe catal og, please contact our custoner service group for availability
and pricing.

Dimensions
(Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number** A C* Haop
3061990821 | 0750025 | 75015 35
3078990821 | O-75-0.025 | 7:520.15 48 N R — -
3061990831 | 1050025 | 1002020 1 35
3078990831 | 1010025 | 10.020.20 1 4g A - c -
3061990841 | 120025 | 1502030 | 35
3078990841 | 120025 | 1504030 | 4g
3061990851 | 2050925 | 19:9¢0.80 | 25
3078990851 | 200025 | 1505030 | 31
3061990861 | #°¢0.02% | 2002040 1 o7
3078990861 | 2°%0.025 | 20.0£0.40 34
3061990871 | 30004 | 2502050 29
3078990871 | 30p).04 | 25.040.50 36
3061990881 | 405204 | 30.020.60 | o5
3078990881 | “0;2:04 | 30,0x0.60 31
3061990891 | 07004 | 3552070 | 24
3078990891 | 01904 | 35320.70 29
3061990901 | ©05205 | 40.020.80 22
3078990901 | 605205 | 40.020.80 26
3061990911 | 805005 | 4502090 18
3078000011 | 805005 | 4502050 20

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288

Phone:

(888) FAR RTE / (845) 895-2055 -
(888) 324-7748

FAX (883) FHRRTE/ (845) 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(883) 337-7483 Note: (914) Area (ode has changed to (845) .



14th Edition

133

Tack Bobbin Cores

I nnovatars Again - Patent Pendi ng

Sl f-centering tack bobbin cores can be easily assentl ed
into bobbin cores. This wll acconmodat e heavy wre,
pre-voud coils that mgt be dfficut townd drectly

on bobbi ns.

* Tack cores are tested for A value at 1kH, < 10 gauss.

e Tack cores can al so be purchased as assenbl ed parts. (See page 134.)

B =

Dimensional letter designations have been

. . . . changed from the 13th edition catalog and are now
e For any tack bobbin core requirenent not listed in the catal og, please contact in accordance 1o the MMPA SFG-06.

our custoner service group for availability and pricing

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number** A B* D F G H Wt (g)
14.0£0.35 | 10.0+0.35 | 6.25x0.15 9.0£0.3 2.0+0.3 3.2£0.1
7177141009 551 304 247 354 079 126 G
18.0£0.45 | 10.0+0.35 | 6.25x0.15 11.0£0.3 2.5+0.3 3.2£0.1
7177181009 709 .394 247 433 .098 126 6.5
18.0£0.45 | 11.0+0.35 | 7.250.15 11.0£0.3 2.5+0.3 3.2+0.1
[t .709 433 .285 433 .098 126 [
24.020.6 10.0£0.35 | 6.2520.15 13.0£0.3 3.0+0.3 3.2£0.1
7177241009 945 304 247 512 118 126 11
24.0+0.6 12.0£0.35 | 8.25:0.20 13.0£0.3 3.0£0.3 3.2+0.1
7177241209 945 472 325 512 118 126 12
**Bold part numbers designate preferred parts.
*These dimensions may be modified to suit specific applications.
Magnetic Parameters (For assembly of two tack bobbin cores.)
Part Number |A (nH)x10%| A, min. @ NI (At) N/AWG | A,(cm?) Synbol s Definitions
A Inductance factor (F)
A Whnding Area
7177181009 66 56 400 50/20 44 w 9
N/ AWG Nuntoer of Turns/
7177181109 65 55 410 95/22 51 wre size far test odl
7177241009 88 75 430 50/20 .69
7177241209 84 72 450 67/18 91

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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Bobbi ns

Bobbi ns are an economcal and wel | -proven core design for nany applications were rel atively
lowbut stabl e inductance val ues are requi red.

« For higher frequency designs, use a snall bobbin (Fgure 1) in 43 naterial .

» For pover applications, bobbins in 77 naterial are specified for A and dc bias linits.

e Bobbins in Hgures 2-5 can be supplied wth a uniformcoating of white therno-set plastic coating which can wthstand a
mni num breakdown of 500Mns. This coating wll change the di nensions a naxi numof 0. 25nmm (.010"). Thelast dgt o
the therno-set plastic coated part is an “8’. Bobbins in Fgure 5 can be supplied wth notches at one end only. This changes
the last digit of the part nunber toa “7’. Bobbins of this type can d so be provided wth a therno-set plastic coating.
The last digit then becones a “6".

e The listed dinensions are for assenl ed bobbi ns without therno-set plastic coating.

» Bobbins are tested for A value at 1kH, < 10 gauss.

« Bobbi ns 9677142089 t hrough 9677242489 can al so be purchased as tack bobbin cores. (See page 133.)

« For any bobbi n requi renent Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)
nat listedinthe cadog,

pl ease contact our
cust oner servi ce group Part Number* Fig. A B D F G H Wt (9)
for ailadility ad pridng 0643001165 | 1 |505-0.15[12.7x025] 10.0+0.3 | 265+0.1 [ 05:01 | 1.0+01 [ 3
196 500 400 107 020 042
0677001165 | 1 |505;015|127:025) 100403 | 265101 [ 05:01 [ 10601 | 33
0643001015 | 1 |0957015[ 190207 [1276015 | 465+0.2 [ 10:025 | 10801 | g7
soronios | 1 [P55,87| P87 [Pper | 407 1055 1021 | o7
ssssnoios | 2 |87 | eige | P9 soyem| e a0z | oo
ssrooios | 2 |07 | 09a pas sssem| 2es 80807 5o
soronazor | 3[R | P TS | T e gt | o
0677142080 | 4 |M40£035 [ 20050.7[ 125803 | 90203 | 20103 | 32:01 | g
wovaors | [Csorsszom | & [ [ @e7 oo | s Znes [ smr | g
2 8 ooz | & || g7 s g v gt |
Pending 0677242089 | 4 | 240506 | 200807125603 [130:03| 30803 | 32501 | p
soraziss | 4 |PEg® | AET| gt | Pags| 93 |szei |
sorzmzoos | = | AT | P07 Pt 8| e [ | ®
cormzsn | 5 |07 | B g Ugr| ng7 a0 |
e | b S| P e o
sorassnor | 5 | Fa? [P e | e Snes [ oa¢ | n
sorasssor | 5 | [P e | T P | =

* Bold part numbers designate preferred parts.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288
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Bobbi ns

H

&r ) F

N
Fgure 1

f~—H—

5

Fgure 3

Z’f’%’

JT

Magnetic Parameters

Fgure 2

}

Part Number* A, (nH)=10% A_min.@ NI (At) NAWG | Aw (cm?)
9643001165 16.5 - 30/24 12
9677001165 18 15 90 30/24 12
9643001015 38 - 75/24 .30
9677001015 39 33 125 75124 .30
9843000104 38 - 50/28 .33
9877000104 39 33 125 36/24 33
9877000204 49 42 360 45/24 37
9677142089 52 44 325 81/28 31
9677182089 66 56 400 50/20 44
9677182289 65 55 410 95/22 51
9677242089 88 75 430 50/20 69
9677242489 84 72 450 67/18 91
9677282009 100 86 470 40/18 69
9677282509 95 81 520 55/18 .99
9677352509 124 106 580 55/16 1.27
9677353509 110 94 700 70/16 1.97
9677453509 142 121 750 100/16 2.34

* Bold part numbers designate preferred parts.

Dimensional letter designations have been changed from the 13th edition catalog and are now in accordance to the MMPA SFG-96.

E
Fgure 5
Synbol s  Definitions
A I nduct ance factor (,'(,—;
N Val ue of dc anpere-turns
A, Wndi ng area
N/ AWG Nunfer of Turns/

wresizefa test cdl
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Tor ol ds

The ring cafiguraion provides the utinate inthe wilization of the ferrite nateria properties.
Poner input filters, ground-fault interrupters, conman node filters, and a variety of pu se ad
natching transfarners are only a fewaf the applications for this core type.

|

e Al toroidal cores are supplied burnished to bresk the sharp edges.

e Toroidd coresin43 nateriad for BM applications are listed in
the BEM Suppressi on Bead section found on page 24 and in the Round
Gabl e BEM Suppressi on Qore section found on page 94.

e Toroids are tested for A val ues at <10 gauss at these frequenci es: l
61, 75 76, 77 and 78 naterial at 10 kHz i A ‘ — C ——
43 naterial at 100 kH

e Toroids wth an outside dianeter of 9. 5mm (.375") or larger can be supplied wth a uniformcoating of a white therno-set
plastic coating. This coating wll increase the “A" and “C dinensi ons and decrease the “B’ di nension a naxi num of
.25mMm (.010°). The 9" digit of the therno-set plastic coated toraid part nuner is a“2'.

e Therno-set plastic coated parts can wthstand a nini num breakdown vol tage of 1000M ns, unifornhy applied across the
“C dinension of the core.

e Toroids wth a daneter of 9. 5mm (.375") or snaller can be supplied Parylene Ccoated. This coating will increase the
“A and “C dinensions and decrease the “B’ dinension a naxi numof . 038nmm (.0015’). The 9" digt of the Parylere
coated toroid part nuner is a“1’. See page 159 for naterial characteristics of Parylene C

e For any toroid requirenent not listed inthe cata og, please contact our custoner service group for availability and pricing.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number** A B c* Wt(g) | =Zt/aem™) | Le(em) | Aj(em?®) | Ve(em?®) A=._2((r)1‘;;l)
5943000801 | 3958215 | 2154015 | 1.32°0.15 1 05 87.6 092 | 0011 | 0.0097 [ 120
5977000801 [ 3953015 | 2154015 | 1.3°°0.15 | 05 87.6 0.92 | 0.011 | 0.0097 285
5978000801 3-9%%-15 2-1.%;%15 1-350:5 8-15 .05 87.6 0.92 0.011 | 0.0097 335
5975000801 3-9%%-15 2-1%;%-15 1-350-5 8-15 .05 87.6 0.92 0.011 | 0.0097 715
5976000801 3-9'51’—;%15 2-1'%2%-15 1-350:58-15 .05 87.6 0.92 0.011 | 0.0097 |1430+30%
5943002101 4-951;)8-25 2-?;3615 1'3?0:58'15 .09 69.2 1.04 | 0015 | 0.0157 160
5977002101 [ 495025 | 2250145 | 1.35°0.15 1 g 69.2 1.04 | 0.015 | 0.0157 360
5978002101 |495-025 | 22+0.15 | 1.35-015| (g 69.2 1.04 0.015 | 0.0157 440

.190 .090 .050
5975002101 4-951'9 8-25 2-?;8615 1-350:5 8-15 .09 69.2 1.04 0.015 | 0.0157 900
5976002101 | 495025 | 223015 | 1.32°0.15 | 09 69.2 1.04 | 0.015 | 0.0157 |1800+30%

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288
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Tor ol ds

Synbol s  DEfinitions
Zl/A Qore const ant
Hfective path length

|
A, Efective cross-sectiond area
V., Efective core vol une
A I nduct ance factor (,';l—?)
Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)
Part Number* A B c* Wt (@) | Zt/Aem™) | £.(cm) | A (ecm?)|V.(cm?) A;,L,((')‘;;')
5.95-0.25 | 3.05+0.1 1.65 - 0.25
5961000101 %30 EETy oo 14 63.8 1.30 0.020 | 0.027 25
5943000101 | 5-95-0.25| 3.05:0.1 | 1.65-0.25 [ 14 63.8 1.30 0.020 | 0.027 165
.230 .120 .060
5.95-0.25 | 3.05+0.1 1.65-0.25
5977000101 20 P 60 14 63.8 1.30 0.020 | 0.027 390
5.95-0.25 | 3.05:0.1 |1.65-0.25 | _ _ _ _ 455
5978000101 a0 0o o 14 63.8 1.30 0.020 | 0.027
5.95-0.25 | 3.05+0.1 1.65 - 0.25 7
5975000101 %30 120 060 14 63.8 1.30 0.020 | 0.027 975
5.95-0.25 | 3.05+0.1 1.65-0.25 1950+30%
5976000101 20 P s 14 63.8 1.30 0.020 | 0.027 b
9.5+£0.2 4.75+0.15 3.3-0.25
5961000201 e b ' oe .83 28.6 2.07 0.072 0.15 55
9.5£0.2 | 4.75:0.15 | 3.3-0.25 375
5943000201 e b o .83 28.6 2.07 0.072 0.15
5977000201 9.5£0.2 | 4.75+0.15 | 3.3-0.25 .83 28.6 2.07 0.072 0.15 880
375 .187 125
9.5+0.2 4.7520.15 3.3-0.25
5978000201 e b on .83 28.6 2.07 0.072 0.15 1010
5975000201 | “ooe? | 7515 | 33/025 | g3 28.6 207 | 0072 | 015 2200
9.5+0.2 4.75+0.15 3.3-0.25 0
5976000201 s 187 1ok .83 28.6 2.07 0.072 0.15 | 4400+30%
12.7+0.2 7.15+£0.2 49-0.2
5961000301 2025 | T 02 20 22.9 295 | 0129 | 038 69
12.7+0.25 7.15+£0.2 4.9-0.25
5943000301 500 a1 188 2.0 22.9 2.95 0.129 0.38 470
12.7+£0.25 7.15%£0.2 4.9-0.25
5977000301 = T e 2.0 22.9 2.95 0.129 0.38 1100
12.7+0.25 7.15+0.2 4.9-0.25
5978000301 00 81 188 2.0 22.9 2.95 0.129 0.38 1260
12.7£0.25 7.15%£0.2 4.9-0.25
5975000301 fi o e 2.0 22.9 2.95 0.129 0.38 2725
12.7+£0.25 7.910.2 6.35+0.25
5961001101 00 12 50 2.4 20.8 3.12 0.150 0.47 75
12.7+0.25 7.9+0.2 6.35+0.25
5943001101 550 15 th 2.4 20.8 3.12 0.150 0.47 510
12.7+£0.25 7.910.2 6.35+0.25
5977001101 00 12 = 2.4 20.8 3.12 0.150 0.47 1200

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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Tor ol ds

_ _ B N I
|

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number** A B cr (W@ | ZuAEm) | Lolem) | Adem®) [V (em®) [ AL(tH)
12.7+0.25 7.9+0.2 6.35+0.25

5978001101 0 i e 2.4 20.8 3.12 0.150 0.47 1390
12.7+0.25 7.9+0.2 6.35+0.25

5975001101 00 o s 2.4 20.8 3.12 0.150 0.47 3000

5061001901 | 12.7#0.25 | 7.9£02 | 12.7#0.35 | 47 10.4 3.12 0.299 0.93 150
.500 312 .500

5943001901 | 12.7#0.25 | 7.9£0.2 | 12.730.35 | 47 10.4 3.12 0.299 0.93 1025
.500 312 .500

5977001901 12.7¢+0.25 | 7.9%0.2 | 12.7#0.35 | 4.7 2400
00 12 00 10.4 3.12 0.299 0.93

5978001901 12.7£0.25 | 7.9£0.2 | 12.7#0.35 | 47 10.4 3.12 0.299 0.93 2775
.500 312 .500
12.7+0.25 7.9+0.2 12.7+0.35

5975001901 500 312 500 4.7 10.4 3.12 0.299 0.93 6000
16.0+0.4 9.6+0.3 4.75-0.25

4

5943005101 630 78 82 2.8 26.6 3.85 0.145 0.56 00
16.0+0.4 9.6+0.3 4.75-0.25

5977005101 e o 8o 2.8 26.6 3.85 0.145 0.56 940
16.0+0.4 9.6+0.3 4.75-0.25

5978005101 630 e 8o 2.8 26.6 3.85 0.145 0.56 1090
16.0+0.4 9.6+0.3 4.75-0.25

5975005101 630 78 82 2.8 26.6 3.85 0.145 0.56 2350
16.0+0.4 9.6+0.3 6.35+0.25

5961004901 630 278 50 4.0 19.4 3.85 0.199 0.77 80
16.0+0.4 9.6+0.3 6.35+0.25

5943004901 630 e 50 4.0 19.4 3.85 0.199 0.77 550
16.0+0.4 9.6+0.3 6.35+0.25

5977004901 630 78 50 4.0 19.4 3.85 0.199 0.77 1300
16.0+0.4 9.6+0.3 6.35+0.25

5978004901 = g e 4.0 19.4 3.85 0.199 0.77 1490
16.0+0.4 9.6+0.3 6.35+0.25

5975004901 630 278 250 4.0 19.4 3.85 0.199 0.77 3225
21.0+£0.35 13.2+0.3 6.35+0.25

5961000601 e 0 50 6.4 21.3 5.2 0.243 1.26 75
21.0+£0.35 13.2+0.3 6.35+0.25

5943000601 85 0 50 6.4 21.3 5.2 0.243 1.26 500
21.0+£0.35 13.2+0.3 6.35+0.25

5977000601 e 0 50 6.4 21.3 5.2 0.243 1.26 1175
21.0+£0.35 13.2+0.3 6.35+0.25

5978000601 e 20 50 6.4 21.3 5.2 0.243 1.26 1355

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288
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Tor ol ds

Synbol s  DEfinitions
Sl/A Qe constant
Efective path | ength

ke Hfective cross-sectiona area

vV, Efective core vol une

A I nductance factor ()
Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* A B c* Wt () | StiaEem?) | Lo(em) [ Agem?) | Vo(em®) | ALnH)
5975000601 | 2102035 | 13203 | 6.35°025 | 6.4 21.3 5.2 0.243 1.26 2950
5961000501 21-%*;%35 13_-5;8-3 11_-3;;’-4 12 11.4 5.2 0.46 2.36 135
5943000501 21-%12%35 13.-5218-3 11.'233'4 12 11.4 5.2 0.46 2.36 940
5977000501 21-%12%35 13_-5218-3 11_-2;?-4 12 11.4 5.2 0.46 2.36 2200
5978000501 [ 2102035 | 13220.3 | 119204 12 11.4 5.2 0.46 2.36 2540
5975000501 | 214035 | 132703 | 119204 12 11.4 5.2 0.46 2.36 5500
5961001801 | 2% 1204 | 13703 | 6355025 1 75 20.7 5.4 0262 | 1.42 75
5943001801 | 22 1X04 | 137703 | 63550.25 | 75 20.7 5.4 0.262 | 1.42 510
5977001801 | %1204 | 13720.3 16355025 | 77 20.7 5.4 0262 | 1.42 1200
5978001801 | 2204 | 03 | 635025 177 20.7 5.4 0262 | 1.42 1400
5975001801 | 2% 204 | 137203 | 6355025 1 7,5 20.7 5.4 0.262 | 1.42 3025
5043007601 | X0t | 13208 | 127045 | g 10.3 5.4 0.52 2.83 1025
5977007601 | 2%g04 | 13208 | 1270045 | g 10.3 5.4 0.52 2.83 2425
5078007601 | “Xgr0t | 13208 | 121045 | g 10.3 5.4 0.52 2.83 2795
5975007601 | 222204 | 13703 | 1275045 | 45 10.3 5.4 0.52 2.83 6100
5043001301 | 25400 | 155505 | 635925 | g6 20.0 6.2 0.308 | 1.90 530
5977001301 | 25400 | 155905 | 6355025 | g6 20.0 6.2 0.308 | 1.90 1250
5078001301 | 254006 | 15505 6355025 1 g6 20.0 6.2 0308 | 1.90 1445
5043001401 | 25406 | 102205 | 8.1520.3 12 15.1 6.2 0.41 2,52 700
5977001401 | 254806 | 155405 | 815°9.3 12 15.1 6.2 0.41 2.52 1600

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p
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Tor ol ds

_ | O
|
| A = C -
Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number** A B C* Wt (g) | Zt/A(em™) | Le(em) [ A(em?) |V (em?) A:"z(g;;l)
5978001401 | 254206 | 155405 | 815203 | 45 15.1 6.2 0.41 2.52 1850
5943006401 251-_‘(‘)’;%6 15_-2;—'8-5 12_-;;8-5 19 10.0 6.2 0.62 3.80 1060
5977006401 251-1‘)%%-6 15:::8-5 12:;58-5 19 10.0 6.2 0.62 3.80 2500
5978006401 251-%%%6 15:2;—“8-5 12'-;(')—*8-5 19 10.0 6.2 0.62 3.80 2885
5961001001 Zgi?liff’ 19.-;’;-'3-5 7?2*8525 13 19.8 7.3 0.37 2.70 80
5943001001 Zgiélifé“ 19:3;3-5 7?;8525 13 19.8 7.3 0.37 2.70 540
5977001001 | 29:00.65 | 19.0£0.5 | 7.5£0.25 | 43 19.8 73 | 037 2.70 1275

1.142 .748 .295
5978001001 Zgif’lifé% 19:?;;’-5 7-5?2*8525 13 19.8 7.3 0.37 2.70 1460
5961001201 [ 29,0005 | 19040.5 | 1385803 | o6 10.7 7.3 0.68 5.0 145
5943001201 291?1%65 19_-?;—“:-5 13-%5:;0-3 26 10.7 7.3 0.68 5.0 1000
5977001201 29.191%65 19:?:3-5 13-_85%0-3 26 10.7 7.3 0.68 5.0 2350
5978001201 | 2907005 | 190505 | 1385803 1 56 10.7 7.3 0.68 5.0 2695
5943001601 31-1};%75 19-2%%0-5 7-.%’—'1%3 18 16.2 7.6 0.47 3.53 660
5977001601 31f;-'§é75 19-2230-5 7-_%’-'1%3 18 16.2 7.6 0.47 3.53 1550
5978001601 | SLLD75 | 1905805 1 79403 18 16.2 7.6 0.47 3.53 1780
5961001701 | 3h/520-75] 1905805 1 95403 1 53 12.9 7.6 0.59 4.5 120
5943001701 | 3HIOR075 | 1905205 1 99403 1 53 12.9 7.6 0.59 4.5 825
5977001701 31-17_52";%75 19-2@%0-5 9-_%’—;%3 23 12.9 7.6 0.59 45 1950
5978001701 [ 31520751 19.05805 | 95503 | o3 12.9 7.6 0.59 4.5 2230
5961002701 35-53%%75 23-%%%-55 12_-578—'8-5 33 11.2 8.9 0.79 7.0 140

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.
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Tor ol ds

Synbol s  DEfinitions

Sl/A Qe constant

| Bfective path length

A Efective cross-sectiond area
\Y) Efective core vol une

A Inductance factor (&)

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number= | A B cr W) | TtaEm?) | Lo(em) | Agem?) [Voem?) | ALnH)
5943002701 | 3°°550.75 | 23.0e0.55 | 127505 | 33 11.2 8.9 0.79 7.0 950
5977002701 [ 32295075 23.020-55 | 127%0.5 | 33 11.2 8.9 0.79 7.0 2250
5978002701 | 39250070 | 2302055 | 127205 | 33 11.2 89 | 079 | 70 2545
5961003801 | S30WS | 355500851 12705 | 106 9.2 145 | 1.58 22.8 170
5043003801 | °LOL3 | 355520851 127505 1 406 9.2 145 | 1.58 22.8 1160
5977003801 612-_?;—6%-3 35-5’%%85 12_-576-'8-5 106 9.2 14.5 1.58 22.8 2725
5978003801 | °L0etS 352520851 127505 1 06 9.2 145 | 158 22.8 3155
5043011101 | /385215 | 388520751 127504 1 18 7.8 16.7 | 215 35.9 1375
5977011101 [ 73,505 | S88S0TS | 127504 1 188 7.8 16.7 | 2.15 35.9 3225
5978011101 | 7305515 | 38852075 127504 1 188 7.8 16.7 | 215 35.9 3740

* This dimension may be modified to suit specific applications.
** Bold part numbers designate preferred parts.
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Pot Cores

The pat core has found wde applicationin al types of inductive devices. The core configuration
provides ahigh degee of sdf-shddng It dsofacilitates ggping to ehace its wility far a
variety of nagnetic desi gns.

e Part nuner is for asinge core
* Pot cores in 78 naterial can be supplied wth the center post gapped to a nechani cal di nensi on.
» Fot cores in 78 naterial can a so be gapped to an A value. These cores Wil be supplied as sets.

e Rt cores sets that have an airgap in one of the core halves wll be narked wth a white narking on the backvall.
Qres should be used in sets natching a narked core wth an unnarked core. Pot core sets that are gapped symmetrical ly
wll not be narked.

* A valueis neasured at 1kHz, <10 gauss.
* See section “The Bfect of Drect Qurrent on the Inductance of a Ferrite Qxre” on page 165 for curves of A vs. gap length
» The pot cores shown in FHgure 1 are in confornance wth | BC 60133.

e For any pot core reguirenent not listed inthe catal og, please contact our custoner service group for
avdladlity and pricing

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* | Fig. A B C D E F G H J Min.
5678090521 1 9.1.53’_25%15 2.7.5-8:.315 6.7216%25 1.?(-)!—%115 7.?;—8(.)25 3?-1;81 2(();_;34 2%)’;(:)31 -
sor110721 | 1 | Mup? | AT | TR | Mo | Taee | “der | Thos | Coes |
serzdosal | 1 MO AR | VEAT | M | Taes T | Come | Chaot | iz | ooe
sorataos21 | 1 | MR VT | i | Ties | Cam | s | iz | oo
el I S B S S 0 B R S B R v
5678181121 | 1 | 760" | *o0s " | Muss” | ke | mee | pea | se | aze. | .oz
serreziszl | 1 | Mgt | OGt | M | fEsT | ST | M| Cimt | YT | o
5676221321 | 1 | “gso | “zea’ | ser | ass | ai7 | aed | aze | are | ols
ser7261621 | 1 | Yoo | POt | PR | "0 | T | ass | sz | s | om
5678261621 | 1 | “100;° | Tarr | mts | w20 | mso | s | a2 | e | oo
ser7so1921 | 1| % | V5 | Teae | "o | rooo | saa | aes | e | oes
5678301921 | 1 | “10gy” | “30" | ke | a0 | roo0 | sea | aes | et | 0o
5677362221 | 1 | “Jao | oazr | ioas | pea | 1o | aee | 20l | o8| .0z
5678362221 | 1 | “Taop | = azr | dopa | oea | 1ie7 | ezs | eon | o1 | o4

*Bold part numbers designate preferred parts.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288
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Pot Cores
- A —— B -
/ N )y
O F T-1H c
T“gﬁ“
Synbol s Definitions Fgure 1
/A Qe const ant

Efective path length
Efective cross-sectional area
Efective core vo une
I nductance factor (&)

Magnetic Parameters

O nensional |etter designations have been
changed fromthe 13th edition catal og and
are now i n accordance to the MWPA SFG 96.

Part Number | X¢/A(em™) | £, (cm) | Aj(cm?) [ Ve(em®) | Apin(cm?) | Wi(g) [ AL (nH)
5678090521 12.6 1.24 .098 122 .078 .40 800 Min.
5678110721 10.0 1.59 .159 .252 131 75 1220 Min.
5677140821 8.0 2.00 .250 .50 197 1.9 1450 Min.
5678140821 8.0 2.00 .250 .50 197 1.9 1575 Min.
5677181121 6.0 2.59 43 1.12 .360 4.7 2150 Min.
5678181121 6.0 2.59 43 1.12 .360 4.7 2350 Min.
5677221321 5.0 3.16 .63 2.00 .51 7.2 2725 Min.
5678221321 5.0 3.16 .63 2.00 51 7.2 3000 Min.
5677261621 4.0 3.76 .93 3.46 .76 12 3525 Min.
5678261621 4.0 3.76 .93 3.46 .76 12 3900 Min.
5677301921 3.30 4.5 1.36 6.1 1.14 19 4425 Min.
5678301921 3.30 4.5 1.36 6.1 1.14 19 4900 Min.
5677362221 2.58 5.2 2.02 10.6 1.74 34 5875 Min.
5678362221 2.58 5.2 2.02 10.6 1.74 34 6550 Min.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.

e FAX (833 FHRTE/ (845 8%-2629 « wwfair-ritecom e
(883) 337-7483 Note: (914) Area (ode has changed to (845) .
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Pot Cores

o

-n

|

I

I

|

\
T
(@]

ﬂ
N

G —»%‘]

Fgure 1 Fgure 2 Fgure 3

D nensi onal |etter designations have been changed fromthe 13th edition catal og and are now in accordance to the MWPA SFG 96.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* | Fig. A B Cc D E F G H J Min.
o |1 | ety | e | oy | W | s | s v smte | o
5577000721 | 2 |22850.45| 92-0.35 - Tt | P | Yt - e -
5577000821 3 22.8.358.45 9.2.?-’505;35 15.2'258.25 72258if?2 18.'37i2%35 9:7318'(2)2 13_.21'\]/_”n 5.:!;8615 _
5578000721 2 22.8.338.45 9.2.?:505.35 _ 7..225550.2 18.-3;2%35 973ng _ 5.%;—8615 _
5578000821 | 3 | *00 ) P28 | Moo | s | e | Cam | sn| Caoo |
5577000921 2 22.5.3953(()).45 5.6'?'-)25.(8).25 _ 3._71541;30.1 18.':312%.35 9;%22 _ 5.?.;(())(.)15 .
5577001021 3 22.?558.45 5.6.52-12.25 15.?655(()).25 37154i§1 18.§i2%35 9:73522 13‘..501|;I-/|in 5.:};(?0.15 _
5578000921 2 22.8-338.45 5.6?2-1?3.25 _ 37figl 18.?)71'2%35 97318';%2 _ 5.].;8(.)15 _
5578001021 3 22.8%1(‘)%45 5.65'2-]?8.25 15.2%"_6%25 37?-1;121 18.:.’:;';)(.)35 973ts()22 13.%:[\/::-in 5112?)(:)[5 _

*Bold part numbers designate preferred parts.
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Pot Cores

Synbol s  Definitions

Zl/A Qore const ant

| Efective path length

A Efective cross-sectional area
Vv Efective core vo une

A I nductance factor (&)

Magnetic Parameters

Part Number | 5¢/a(cm™) [ o (em) | Ai(cm?) | Vo(em®) | Apin(cm®) | Wt(g) | AL (nH)
5678422921 2.58 69 | 2.66 18.2 2.10 51 | 6950 Min.
5577000721 11

6.75 4.3 63 2.70 53 2200 Min.
5577000821 7.6
5578000721 11

6.75 4.3 63 2.70 53 2475 Min.
5578000821 7.6
5577000921 73

4.54 2.87 63 1.80 53 2925 Min.
5577001021 5.2
5578000921 7.3

4.54 2.87 63 1.80 53 3350 Min.
5578001021 5.2

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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E &I Cores

The E core geonetry offers an economcal desi gn approach for a wde range of applications.

Inapover ferrite, Ecores are used ina variety of ponr desigss. Inahighperneaoility naterid
they are utilized for natching, broadband transforners and conmon node chokes.

e Part nuner is for asinge core.

* E cores can be supplied wth the center post gapped to a nechanica di nension.

» Ecores can al so be gapped to an A vaue. These cores wll be supplied as sets.

* A valueis neasured at 1kH, < 10 gauss.

 See section “The Bfect of Drect Qrrent on the Inductance of a Ferrite Qre” on page 165 for curves of A vs. gap length.
e Fair-Rte equiva ents to | amnati on si zes:

E2829 94 - - 019002 E375 94 - - 375002
E187 94 - - 016002 E21 94 - - 500002
E2425 94 - - 015002 E625 94 - - 625002

eFor any Eor | core requirenent not listed inthe catal og, please contact our custonger service group for
avdlaility ad pricing

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* Fig. A B C D E Min. F Wt (g)
saroroory | 1| 2am [ se o [ aa 08 [aiede [ s Tasiem [
9478019002 1 12758625 5.8.-2 (2);125 3.4.51>2-50.5 4. 1.J_1%. 115 .3635 3.3.-1 2;525 8
9475019002 1 12..75J_r(§)(.)25 5.8.-23‘.125 3.4.:5L2-50.5 41?-%:5_5 2635 3'3.3_3'525 8
9477020002 1 12.?518625 5.8.-2(2)‘.125 6..62-58.5 4li1(6)115 2635 3,3..12525 15
9478020002 1 127£025 | 58025 000> | 41015 P 33025 15
9475020002 1 12.?;;8(.)25 5.8.-22;125 6.?2-58.5 4_1?&.;5 ,2635 3.3.-12.525 1.5
9477016002 1 19'%8'4 8.2.-3%325 4.73%(%.20 5.6 : gézs .15463 4.95.1:8%35 54
9478016002 1 19.3%8.4 8.2.5%325 4.7.514_;%.20 5.6 .;205.25 15462 4_95.1.807_35 24
9475016002 1 19..:%8.4 8.2-:-%%325 4.7%-3(%.20 5.6-;205.25 15463 4,95-1.807,35 24
sarouzooz | 1| o504 [ 82,005 | ompas [wer0z [ g 45,0 | 4
9478012002 1 19..1%8.4 8'2_5%525 9.?31;)525 5.6 .55)5.25 1541252 4'95_1-807'35 4.8
sarsozonz |1 | 33t | ez | emeas [sengzm [ g |asses | g
AN RS E
9478015002 1 508 B0 50" 535 s 7% 000> 5.4

*Bold part numbers designate preferred parts.

Fa] r-H te P OdUCt S (bl’ p P.Q Box J, ne Commercial Row WMllkill, NY 12589-0288
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E &I Cores

Dimensional letter designations have been changed from the 13th edition catalog
and are now in accordance to the MMPA SFG-96.

— _

N

>
>

-1 D
~—B — o C |- — B ~— > C =
Fgure 1 Fgure 2
Magnetic Parameters Synbol s  DEfinitions
zl/A Qre constant
Part Number | Z/A(cm™) | £ (cm) | Al(em?) | Vo(em?) | AL (nH) ,Iofe g;:;“. \\i ?ozslesg?m aea
. V Hfective core vol une
9477019002 27.6 2.77 .101 .279 475 Min. Ai I nduct ance: fact or (kl_g
9478019002 27.6 2.77 101 .279 525 Min.
9475019002 27.6 2.77 .101 .279 1290+25%
9477020002 13.8 2.77 .202 .56 1000 Min.
9478020002 13.8 2.77 .202 .56 1075 Min.
9475020002 13.8 2.77 .202 .56 2600£25%
9477016002 17.9 4.0 .225 .90 825 Min.
9478016002 17.9 4.0 .225 .90 925 Min.
9475016002 17.9 4.0 .225 .90 2300+£25%
9477012002 8.92 4.0 .45 1.80 1700 Min.
9478012002 8.92 4.0 .45 1.80 1900 Min.
9475012002 8.92 4.0 45 1.80 4600£25%
9477015002 12.06 4.9 .40 1.95 1300 Min.
9478015002 12.06 4.9 .40 1.95 1450 Min.
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E &I Cores

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* Fig. A B C D E Min. F Wt (g)
1 254105 | 9.8-03 66-05 | 6.35+025 18.8 6.6-05 54
SRS 1.000 380 250 255 740 250
25.4+05 | 9.8-03 | 12.740.25 | 6.35+0.25 18.8 6.6-05
9477014002 1 1.000 380 500 255 740 250 11
1 254+05 | 9.8-03 | 1274025 | 6.35+0.25 18.8 6.6-05
9478014002 1.000 380 500 255 740 250 =
25.4+05 | 9.8-03 | 12.740.25 | 6.35+0.25 18.8 6.6-05
9475014002 1 1.000 380 500 255 740 250 11
25405 | 16.0+0.25 66-05 | 127+035 18.8 66-05
1
9477034002 1.000 630 250 507 740 250 el
1 25405 | 16.0+0.25 66-05 |127+035 18.8 6.6-05
9478034002 1.000 630 250 507 740 250 84
280106 |106-025 | 11.24025 | 56 +0.25 19.2 7.740.25
9477017002 1 1.102 413 440 225 756 303 13
28.0¢0.6 |10.6-025 | 11.240.25 | 56+0.25 19.2 7.740.25
9478017002 1 1.102 413 440 225 756 303 13
3455+07 | 145-025 | 9.25t025 | 9.5+0.25 24.8 9.4+0.15
9477375002 1 1.360 567 365 380 ‘976 370 16
3455¢07 |145-025 | 9.25t0.25 | 9.5+0.25 24.8 9.4+0.15
9478375002 1 1.360 567 365 380 976 370 16
4075+08 | 165015 | 12.2+0.4 [10.15+0.25 278 12.2+0.35
9477500002 . 1.604 650 280 405 1.095 480 30
40.75+08 | 16.5+0.15 12.2+0.4 |10.15+0.25 27.8 12.2+0.35
9478500002 1 1.604 650 480 405 1.095 480 30
1 42.85+0.75 |21.15-0.25 | 15.85-0.75 | 14.95 +0.25 30.4 11.9+0.25 48
STIEEL 1.687 828 609 593 1.197 468
9478036002 1 42.85+0.75 |21.15-0.25 | 15.85-0.75 | 14.95 +0.25 304 11.9+0.25 48
1.687 828 609 593 1.197 468
e 1 471075 |19.85-04 | 15.6+0.25 | 12.0+0.25 316 15.6+0.25 57
1.855 773 615 477 1.245 615
1 47.1#075 | 19.85-0.4 | 15.6+0.25 | 12.0+0.25 31.6 15.6+0.25
9478625002 1.855 773 615 477 1.245 615 57
254406 | 3.3-0.25 6.6-05 _ ) _
9377020002 2 1.000 125 250 2.7
5 25.4+0.6 | 3.3-0.25 6.6-05 i _ .
9378020002 1.000 125 250 2.1
25406 | 3.3-0.25 6.6-05 _ ) .
9375020002 2 1.000 125 250 24
254406 | 6.5-0.25 6.6-05 _ _ }
9377024002 2 1.000 250 250 54
25.4+0.6 | 6.5-0.25 6.6-05 ) ) i}
9378024002 2 1.000 250 250 2t
1.687 235 609
9378036002 5 42.85+075 | 6.1-0.25 |15.85-0.75 ] ) ; 21
1.687 235 609
5 101.6+2.0 | 25.4+0.63 | 25.4+0.63 ) 3 B}
9378013001 4.000 1.000 1.000 324

*Bold part numbers designate preferred parts.
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E &I Cores

Magnetic Parameters Synbols  Definitions

/A Qre constant
Part Number St/A(em™) | Le(cm) [ Al (cm?) |V (cm?®) | AL (nH) I Efective pah length

A, Hfective cross-sectiona area
9475015002 12.06 4.9 .40 1.95 3500+£25% v, Efective core vol une

Al I nduct ance factor (h—g
9477014002 6.03 4.9 .80 3.92 2625 Min.
9478014002 6.03 4.9 .80 3.92 2950 Min. *
9475014002 6.03 4.9 .80 3.92 7000+25% E E A
9477034002 18.0 7.3 .40 2.98 870 Min. *

I
9478034002 18.0 7.3 .40 2.98 990 Min.
4= D

9477017002 5.0 4.8 .96 4.6 3000 Min. - B N N
9478017002 5.0 4.8 .96 4.6 3340 Min. Fgure 1
9477375002 7.92 6.9 .86 6.0 2050 Min.
9478375002 7.92 6.9 .86 6.0 2350 Min. A
9477500002 5.12 7.6 1.50 11.5 3225 Min.
9478500002 5.12 7.6 1.50 11.5 3750 Min. L
9477036002 5.34 9.8 1.84 18.1 3175 Min.
9478036002 5.34 9.8 1.84 18.1 | 3600 Min. B~ - € =

Fgure 2
9477625002 3.74 8.9 2.37 21.1 4500 Min. ) . . )

Dimensional letter designations have been
changed from the 13th edition catalog

9478625002 3.74 8.9 2.37 21.1 5100 Min. and are now in accordance to the MMPA SFG-96.
9377020002 8.82 3.56 40 1.44 1575 Min. with 9477015002, page 146
9378020002 8.82 3.56 .40 1.44 1725 Min. with 9478015002, page 146
9375020002 8.82 3.56 .40 1.44 4200£25% with 9475015002, page 148
9377024002** 8.64 3.48 .40 1.41 1700 Min. with 9477015002, page 146
9378024002** 8.64 3.48 .40 1.41 1950 Min. with 9478015002, page 146
9377036002 3.68 6.8 1.84 12.5 4275 Min. with 9477036002, page 148
9378036002 3.68 6.8 1.84 12.5 4800 Min. with 9478036002, page 148
9378013001 3.87 24.7 6.4 157 4900 Min. | with U core 9078014002, page 152

** May be used with U cores, see page 152.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .



150 14th Edition

ETD Cores

ETD cores have been desi gned to nake opti nimuse of a given volune of ferrite naterial for
naxi numt hroughput pover, specifically for forvard converter transforners. Their structure,

whi ch incl udes a round center post, approaches a nearly uni formecross-sectional area throughout
the core and provides a wnding area that mni nnzes w ndi ng | osses.

EID cores are used nainly i n swtched-node power supplies and permit of f-1ine designs were
IEC and ME isol ation requi renents nust be net.

e Part nuner is for asinge core
« ETD cores can be supplied wth the center post gapped to a nechani cal di nension.

* EID cores can al so be gapped to an A value. These cores Wil be supdied as sets.

A valueis neasured at 1kHz, <10 gauss.

*» See section “The Efect of Drect Qurrent on the Inductance of a Ferrite Qxe” on page 165 for curves of A vs. gap length
e The EID cores are in confornance wth | EC 61185.

e For any ETDcore requirenent not listed inthe catal og, please contact our custoner service group for
avalaility ad pricing

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number * A B C D E F Wt (g)
29.8+0.8 15.8+0.2 9.5+0.3 11.0+£0.3 22.7+0.7 9.5+0.3
0L 1.173 .622 374 433 .894 374 14
34.2+0.8 17.3+0.2 10.8+0.3 12.1+0.3 26.3+0.7 10.8+0.3
9577340002 1.346 681 425 A76 1.035 425 22
34.2+0.8 17.3£0.2 10.8+0.3 12.1+0.3 26.3+0.7 10.8+0.3
9578340002 1.346 .681 425 476 1.035 425 22
39.1+0.9 19.8+0.2 12.5+0.3 14.6+0.4 30.1+0.8 12.5+0.3
9577390002 1.539 .780 492 575 1.185 492 82
9578390002 39.1+0.9 19.8+0.2 12.5+0.3 14.6+0.4 30.1+0.8 12.5+0.3 32
1.539 .780 492 575 1.185 492
0577440002 44.0+1.0 22.3+0.2 14.8+0.4 16.5+0.4 33.3+0.8 14.8+0.4 52
1.732 .878 583 .650 1.311 583
44.0£1.0 22.3+0.2 14.8+0.4 16.5+£0.4 33.3+0.8 14.8£0.4
9578440002 1.732 878 583 650 1311 583 52
48.7+1.1 24.7+0.2 16.3+0.4 18.1+0.4 37.0+0.9 16.3+0.4
9577430002 1.917 972 642 713 1.457 642 65
48.7+1.1 24.7+0.2 16.3+0.4 18.1+0.4 37.0+0.9 16.3+0.4
SR 1.917 972 642 713 1.457 642 %

* Bold part numbers designate preferred parts.
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ETD Cores

1 |

g
il

T [

|1
F E - A
T

— C |-

Dimensional letter designations have been
changed from the 13th edition catalog
and are now in accordance to the MMPA SFG-96.
Synbol s  Definitions
/A Qre constant
| HEfective path length
A Hfective cross-sectiond area
\Y Efective core vo une
A Inductance factor (&)

Magnetic Parameters

Part Number SUA(em™) | Lo(cm) | Agem?) [V (em?®) [ALin(em?) [ A, (nH)

9578290002 9.5 7.2 76 5.5 71 1760 Min.
9577340002 8.1 7.9 97 7.6 92 1875 Min.
9578340002 8.1 7.9 97 7.6 92 2100 Min.
9577390002 7.4 9.2 1.25 115 1.23 2100 Min.
9578390002 7.4 9.2 1.25 115 1.23 2360 Min.
9577440002 5.9 10.3 1.73 17.8 1.72 2625 Min.
9578440002 5.9 10.3 1.73 17.8 1.72 2925 Min.
9577490002 5.4 11.4 2.11 24.1 2.09 3000 Min.
9578490002 5.4 11.4 2.11 24.1 2.09 3375 Min.
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U Cores

The Ucore offers an econonical core design wth a nearly uni formcross-sectiona area

Inapover ferrite nateriad they are frequently used in output chokes, pover input filters and trans-
forners for swtched node power supplies and H- fluorescent bal | asts.

e Part nuner is for asinge core.

» These U cores have the san@ nini numcross-sectional area as the listed effective cross-sectiona area
* A valueis neasured at 1kHz, < 10 gauss.

e For any Ucore requirenent not listed in the catalog, please contact our custoner service group for
avaladlity ad pricing

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number* Fig. A B C D Min. E Min. F Wt (g)
9077002002 1 89-05 | 445+025 | 4.05:0.2 1.3 2.3 - 7
340 180 160 .051 .090
+ 25.4+0.75 12.640.25 | 6.6-05 6.2 12.45 i
9077026002 1 1.000 500 250 244 490 9.0
+ 25.4+0.75 | 15.75+0.25 | 6.6-05 9.4 12.45 _
9077025002 1 ED, /50 %50 370 490 9.0
+ 25.4+0.75 18.9+0.25 | 6.6-05 12.55 12.45 i
9077024002 1 1.000 750 250 494 490 10
26.5+0.7 15.75+0.25 | 10.0-0.5 10.0 7.25 )
9277023002 2 1.045 625 385 304 285 14
26.520.7 20.240.15 | 10.0-0.5 14.35 7.25
9277002002 2 1 oas o5 385 'eo5 585 - 17
31.40.6 18.5+0.15 | 10.25-0.5 9.4 125 26.6£0.5
9277024002 3 1.237 729 394 .370 492 1.047 18
41.15+0.75 | 17.45+0.15 | 11.7¢0.25 7.8 18.65 35.3+0.6
9277008002 3 1.620 687 460 307 735 1.390 26
41.15+0.75 | 20.5+0.25 | 11.7+0.25 10.95 18.65 35.3:0.6
9277010002 8 1.620 812 460 431 735 1.390 29
41.15+0.75 | 25.4+0.15 | 11.7£0.25 15.75 18.65 35.3:0.6
9277012002 3 1.620 1.000 460 620 735 1.390 34
101.6+2.0 57.140.4 | 25.4+0.8 310 49.25
9078014002" 1 4.000 2.250 1.000 1.220 1.940 - 550

* Bold part numbers designate preferred parts.
* An | core, 9377024002, is available for these U cores, see page 148.
AAn | core, 9378013001, is available for this U core, see page 148.
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Synbol s  Definitions

Zl/A Qre constant

I Efective path length

A, Efective cross-sectiond area
V, Efective core vo une

A Inductance factor (5

Magnetic Parameters

Part Number S¢A(em™) | £.(cm) | A.(cm?) | V.(cm?) Aéz(goz')
9077002002 16.8 2.08 124 .257 925
9077026002 17.6 7.1 .40 2.85 1250
9077025002 20.7 8.4 .40 3.36 1050
9077024002 23.9 9.6 .40 3.88 925
9277023002 11.6 7.8 .67 5.2 1850
9277002002 13.9 9.5 .68 6.5 1575
9277024002 11.2 9.3 .83 7.7 1900
9277008002 10.5 10.3 .98 10.1 2100
9277010002 11.8 11.6 .98 11.3 1900
9277012002 13.8 13.5 .98 13.2 1675
9078014002 4.88 31.5 6.5 198 3930 Min.

=D<f
Fgure 1
' Ol
E A
% )
\_/
= D [
——— B fr—— —— C -
Fgure 2
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PQ Cores

The RQcore was devel oped for use in power applications. The large core surface area for the
vad une of the core ads in heat d ssipation

These cores are enpl oyed both in filter and transforner designs in swtched node povwer sup-
dies

e Part nuner is for asinge core

* PQcores can be supplied wth the center post gapped to a nechani cal di nensi on.

* PQcores can al so be gapped to an A value. These cores wll be supplied as sets.

* A valueis neasured at 1kH, <10 gauss.

* See section “The Bfect of Drect Qurrent on the Inductance of a Ferrite Qxre” on page 165 for curves of A vs. gap length
e For any RQcore requirenent not listed inthe catal og, please contact our custongr service group

for avaladlity ad pricing

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number * A B C D E F G Min. H Min. J
oo | gt | ohgt | e | sage | mene | eagr | @ | 4 | o4
sl e I - B e e I
serr202021 | gt | g | MR | TS | Treet | YSe | B | e | %
6678202021 | Mg | 030t | MERE T TORS L RISt | e | e | s | e
6677262021 | FP P | 105029 | 0TS | BB ) e | Pt | e | aw | T
e67826202L | "o | %o | %m | "ot | Phes | et | b | me | M
sorrzezsor |l | P | PTas | Tar | e | am | s | o6 | e
6678262521 | o7 | asr | mas | e | mse | | e | e | o ams
6677322021 331',03%%'5 10';1{&25 zz:ggg.s 5'.%5%'3 271'.%%%'5 13'4.%8'25 .%3'3 .251'2 12.'2591'5
eorea22021 | 15000 | Phoe” | Phes | "% | Choes |P%mes | T | i | Paed®
oo | gy | g | Zupe | wees | wgy (Bem [ ee | e[S
comazmozs | 07 [ BggR | mggs | oggs | mgge e | hg | 5 |
oo | gt [Uag | Mgt | eape | AR e | me [ | ea
e el el il el el el e R A s
ooz | 58 [mozp | mugs [wegs [ ogds [ | m | op [ne
6678404021 411'?613%9 20'97'3225 281'.0110%6 14'.252'3 371'%5%6 14'.%(7)'3 ffb% ngg 13'%5)525

*Bold part numbers designate preferred parts.
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Synbol s  Definitions

Zl/A Qre constant

I Hfective path length

A, Efective cross-sectiond area
v, Efective core vol une

A Inductance factor ()

Magnetic Parameters

Dimensional letter designations have been
changed from the 13th edition catalog
and are now in accordance to the MMPA SFG-96.

Part Number SLA(em™) | L. (cm) | Alem?) | V.(em?) | Anin(cm?) | Wt (g) A, (nH)

6677201621 6.03 3.74 0.62 2.3 0.58 7.2 2550 Min.
6678201621 6.03 3.74 0.62 2.3 0.58 7.2 2850 Min.
6677202021 7.42 4.6 0.62 2.82 0.58 8.3 2175 Min.
6678202021 7.42 4.6 0.62 2.82 0.58 8.3 2360 Min.
6677262021 3.87 4.6 1.19 5.5 1.09 16 4050 Min.
6678262021 3.87 4.6 1.19 55 1.09 16 4575 Min.
6677262521 4.71 5.6 1.18 6.6 1.09 19 3450 Min.
6678262521 4.71 5.6 1.18 6.6 1.09 19 3800 Min.
6677322021 3.29 5.6 1.7 9.5 1.37 22 5025 Min.
6678322021 3.29 5.6 1.7 9.5 1.37 22 5425 Min.
6677323021 4.66 7.5 1.61 12.7 1.37 30 3550 Min.
6678323021 4.66 7.5 1.61 12.7 1.37 30 3825 Min.
6677353521 4.49 8.8 1.96 17.2 1.56 37 3600 Min.
6678353521 4.49 8.8 1.96 17.2 1.56 37 3900 Min.
6677404021 5.07 10.2 2.01 20.5 1.67 50 3225 Min.
6678404021 5.07 10.2 2.01 20.5 1.67 50 3475 Min.
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EP Cores

The EP core design reduces the effect of residual air gap upon the effective perneability of the
core, hence it mninnzes col vdune for a g ven i nduct ance.

A'so, the core geonetry provi des a high degree of isolation fromadjacent conponents. BEP cores
are advantageousl y used i n | ow pover devices, natching and broadband transforners.

e Part nuner is for asinge core

e EP cores can be supplied with the center post gapped to a nechani cal di nension.

» EP cores can al so be gapped to an A value. These cores wil be suppied as sets.

* A valueis neasured at 1kHz, <10 gauss.

* See section “The Bfect of Drect Qurrent on the Inductance of a Ferrite Qxre” on page 165 for curves of A vs. gap length
» The EP cores are in confornance wth | EC 61596.

e For any BP core requirenent not listed in the catal og, please contact our custoner service group for availability and pricing.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number * A B C D E F K Max. Wt (9)
9.2+0.2 3.7+0.05 | 6.350.15 2.6+0.1 7.4%0.2 3.3+0.1 18
6577070721 362 146 250 102 201 130 o7 8
9.240.2 3.7+0.05 | 6.35+0.15 2.6+0.1 7.4+0.2 3.3+0.1 18
6578070721 362 146 250 102 201 130 071 8
9.2+0.2 3.7+0.05 | 6.35t0.15 | 2.6+0.1 7.4+0.2 3.3+0.1 18
6575070721 362 146 250 102 291 130 071 8
115403 5.1+0.1 7.65+0.2 3.7+0.1 9.4+0.2 3.3+0.15 1.95
6577101021 453 201 301 146 370 130 077 15
115403 5.1+0.1 7.65+0.2 3.7+0.1 9.4+0.2 3.3+0.15 1.95
6578101021 453 201 301 146 370 130 077 15
11.5+0.3 51+0.1 7.65+0.2 3.7+0.1 9.4+0.2 3.3:0.15 1.95
6575101021 453 201 301 146 370 130 077 15
125+03 | 65-0.15 8.8+0.2 4.6+0.1 10.0+0.3 4.35+0.15 25
6577131321 492 253 .346 .181 .394 171 .098 2.5
125+03 | 65-0.15 8.8+0.2 4.6+0.1 10.040.3 4.35+0.15 25
6578131321 492 253 .346 181 .394 71 .098 25
125¢03 | 6.5-0.15 8.8+0.2 4.6+0.1 10.040.3 4.35+0.15 25
6575131321 492 253 346 181 394 171 .098 25
18.040.5 84+0.1 | 11.04025 | 5.65+0.15 | 12.0+0.4 | 5.85-0.35 3.45
6577171721 709 331 433 222 472 223 136 6.4
18.0405 84+0.1 | 11.0+025 | 5.65+0.15 | 12.0:0.4 | 5.85-0.35 3.45
6578171721 709 331 433 222 472 223 136 6.4
18.0+0.5 84+0.1 | 11.0#025 | 565015 | 12.0t0.4 | 585-0.35 3.45
6575171721 709 331 433 222 472 223 136 6.4
24.0205 10.7t01 | 14.95:0.35 | 7.15%0.15 | 16.5t0.4 8.75+0.25 47
6577202021 945 421 589 281 650 344 185 15
24.0+05 10.7+0.1 | 14.95+035 | 7154015 | 16.5t0.4 8.75+0.25 47
6578202021 1945 421 589 281 650 344 185 15
24.0+0.5 10.740.1 | 14.95:0.35 | 7.15+0.15 | 16.5:0.4 8.75+0.25 4.7
6575202021 945 421 589 281 650 344 185 15

*Bold part numbers designate preferred parts.
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Synbol s  Definitions = C —=
Zl/A Qore const ant

| Efective path | ength

Hfective cross-sectiond area

A
Vv Efective core vo une
A Inductance factor (5

Magnetic Parameters

Dimensional letter designations have been

changed from the 13th edition catalog

and are now in accordance to the MMPA SFG-96.

Part Number Z¢A(m™) | £ (cm) | Al(em?) | Vo(em?®) |Ain(cm?) | AL (nH)
6577070721 15.2 1.57 0.103 | 0.163 0.085 825 Min.
6578070721 15.2 1.57 0.103 | 0.163 0.085 825 Min.
6575070721 15.2 157 | 0103 | 0.163 0.085 1900 Min.
6577101021 17.0 1.93 | 0113 | 0.217 0.085 790 Min.
6578101021 17.0 1.93 | 0113 | 0.217 0.085 790 Min.
6575101021 17.0 193 | 0113 | 0.217 0.085 1900 Min.
6577131321 12.4 242 | 0.195 0.47 0.148 1200 Min.
6578131321 12.4 242 | 0.195 0.47 0.148 1200 Min.
6575131321 12.4 242 | 0.195 0.47 0.148 2800 Min.
6577171721 8.4 2.85 | 0.339 0.97 0.252 1875 Min.
6578171721 8.4 285 | 0.339 0.97 0.252 1875 Min.
6575171721 8.4 2.85 | 0.339 0.97 0.252 4400 Min.
6577202021 5.1 4.0 0.78 3.12 0.60 3150 Min.
6578202021 5.1 4.0 0.78 3.12 0.60 3150 Min.
6575202021 5.1 4.0 0.78 3.12 0.60 7200 Min.
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85 Materi al Toroids

Ahigh frequency, square loop nateria wth optinnzed characteristics to nake this the ferrite of
choice for use in nagnetic anplifiers and saturabl e reactors for swtch node appl i cati ons.

*« Al toroida cores are supplied burnished to break the sharp edges.

e Toroids in 8 nateria are specified to a squareness ratio and not specified
toan A vdle

e Toroids wth an outside dianeter of 9. 5mm (.375") or larger can be supplied
wth a uiformcoating of awite therno-set plastic coating. This coating wil
increase the “A" and “C dinensi ons and decrease the “B’ di nensi on a naxi num
d .25mMm (.010"). The 9" digit of atherno-set plastic costed toroid part nunier |

isa“2. A B o ) S

e Therno-set plastic coated parts can wthstand a nini num breakdown vol t age of
1000Mns, unifornhy applied across the “C dinension of the core.

e Toroids wth a daneter of 9. 5mm (.375") or snaller can be supplied Parylene Ccoated. This coating wll increase
the “A" and “C dinensions and decrease the “B' dinension a naxi numof . 038mm (.0015"). The 9" dgt of a Paylere
coated toroid part nunber is a“l’. See page 159 for nateria characteristics of Parylene C

e For any toroid requirenent not listed inthe catalog, please contact our custoner service group for availability and pricing.

Dimensions (Bold numbers are in millimeters, light numbers are nominal in inches.)

Part Number*** A B c* Wt (g) Fﬁg‘;i:;:ce;‘:'(':;;) SyA (em™)| Le(cm) A; (em?) | Ve (em?)
5985010101 | 25801 | 1.2s015 | 135015 | o2 984 71.3 0.56 0.0078 | 0.0043
5985010201 | %330 172015 | 135015 | 05 687 72.3 0.77 0.011 0.0081
5985000801 | 3-95:0-15 | 215:015 | 1.350.15 | o 589 87.6 0.92 0.011 0.0097
5985002101 | 495025 | 22:0.15 | 135015 | o9 510 69.2 1.04 0015 | 0.0157
5985000101 | >950:2° | 3.0p=0-1 | 1.650.25 | 44 408 63.8 1.30 0.020 0.027
5985015501 | ©&-35=D-2 8.2:0.2 11272035 | 15 381 7.14 1.38 0.194 0.27
5985000201 | 9:5:02 | 4782045 | 3.3°0.25 | g3 254 28.6 2.07 0.072 0.15
5985016001 | 93302 5.720.2 33025 1 70 239 38.4 2.29 0.059 0.136
5985001101 | '2:7%0-25 | 7.9+0.20 | 6.33x0.25 | 54 176 20.8 3.12 0.150 0.47
5985013501 | '4-2:0-25 | 9-00.3 | 5.02015 | 5p 158 28.4 3.50 0.123 0.43
5985004901 | 64 9-620.3 | 635025 | 40 142 19.4 3.85 0.199 0.77
5985001801 | 22/=04 | 13720.3 | 6332025 | 75 101 20.7 5.4 0.262 1.42
5985001301 | 22006 | 155%0.5 | 6.35:0.25 | g 89 20.0 6.2 0.308 1.90

* This dimension may be modified to suit specific applications .
** It is not advised to drive the toroidal cores within 10% of their radial resonant frequency. Cracks or even breakage of the cores could result.
***Bold part numbers designate preferred parts.
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Ref erence Tabl es

Ferrite Miterial nstants

FeCi fiC Hat oo
Thernal @NAUCLI Vity .ocoveeveieeiieecieciee e
Qefficient of Linear Expansion ................
Tensile Srength .ooooceveeeeiieeiicicecee
Qnpressive Srength ......ccccoeevveeieennenne
Young Modul US .......eoevvieiiiieciiieciieeciee e
Hardness (KNOOP) ...cceoveeveeneeieenicnieennees

FeCi fiC GAMILY coverieeeieeee e

The above quoted properties are typical for Fair-Rte Mizn and Nzn ferrites.

.5cdl/dg°C

10x103 cal /sec/cni °C
8 - 10x10°/°C

4.9 kgf / nmt

42 kgf / mt

15x10° kgf / nm?

650

4.7 g cnt

Properties of Parylene C Qating Miterial

Deectric Srength ....coovveviiiiiiiiiiciiees
VOl une ReSI SEIVITY o
Srface RSIStIVITY coovvevieeiiieciiec e
Delectric Gnstant (IME) ..ooccocceeeeereenns
Dssipation Factor (IMHZ) ..oooovvveeicnnenne

ntinuous (perating Tenperature .........
Thernal @NAUCLI Vity cooveeveeecieeiieciiecie
Maxi mum Qper ati ng Tenperature ...........

5600 \/ nil
8. 8x101% ohm
10 ohm
2.9

.013

129 o/ cnt
<1 %

.29

<100 °C

2. 0x10+ cal / sec/ cn °C
<160 °C

* Lhion Garbi de Tradenark

Qonver si on Tabl e

G eek Al phabet

g Lhits O Lhits A, Oeeeeeeeeeeeeeeees Al pha N, Vo, Nu
B, Booerrerieenn Beta S X
- - 4
Lrligle) SAhgm = a0 gEres R V2 Gamma | O, O.covceveevenne. (ni cron
1 mr = 10 gauss By, S ta M, T R
1 Am= 102 Alcm = .0125 oersted E, €. Bpsi | on P, P, Rho
1 = 1 gauss ﬁ I Eteta _?_ (o S UTOT T '|S'| gma
_ B | D a B au
A A =1 cersted O, O Theta Y, Ueioroerrereeeeenn] Upsi | on
I L, laa (O () IR i
Ky Keriiieeeeennd Kappa ) S G Chi
YAV U Lanbda | B
M, M. Mu Q, Wi Omega
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Soft Ferrite References

| EC RPublications on Soft Ferrite Miterial s and Conponent s

60133 (1985) O nensi ons of pot-cores nade of nagnetic
oxi des and associ ated parts. (Third Eltion).

60205 (1966) Glcuation of the effective paraneters of
nagneti ¢ pi ece parts.
Arendnent No. 1 (1976).
Arendnent No. 2 (1981).

60205A (1968) Hrst suppl enent.

60205B (1974) Second suppl enent .

60220 (1966) D nensions of tubes, pins, and rods of
ferronagneti c oxi des.

60367: - Qrxes for inductors and transforners for
t el ecommuni cat i ons.

60367-1 (1982) Part 1. Measuring nethods. (Second Edition).
Arendnent No. 1 (1984).
Arendnent No. 2 (1992).

60367-2 (1974) Part 2 Gides for the drafting of perfornance

speci ficati ons.
Arendnent No. 1 (1983).

60367- 2A (1976) Hrst suppl enent.

60401 (1993) Ferritenaterials - Qideonthe fornat of data
appearing in nanufacturers’ catal ogues of
transforner and inductor cores.

60401-1 (1979) PRat 1 Qassificaion

60424 (1973) Gidetothespecificationd limts for physica
inperfections of parts nade fromnagnetic
oXi des.

60424-2 (1997) Part 22 RMQres.

60431 (1983) DO nensi ons of square cores (RVcores) nade
of nagnetic oxides and associ ated parts.
(Second edition).

Arendnent No. 1 (1995).
Arendnent No. 2 (1996).

60492 (1974) Measuring nethods for aeria rods.

60525 (1976) D nensions of toroids nade of nagnetic
oxi des or iron powder.

Arendnent No. 1 (1980).

60647 (1979) D nensions for nagnetic oxide cores
intended for usein power supplies (BEGcores).

60701 (1981) Axial |ead cores nade of nagnetic oxi des or

iron ponder.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

60723: —
60723-1 (1982)
60723-2 (1983)

60723- 2- 1(1983)

60723-3 (1985)

60723- 3- 1(1985)

60723-4 (1987)

60723- 4- 1(1987)

60723-5 (1993)

60723- 5- 1(1993)

60732-1 (1982

Inductor and transforner cores for

t el econmuni cat i ons.

Part 1 Gereric specification

Part 22 Sectional specification: Mgretic
oxide cores for inductor applications.
Arendnent No. 1 (1989)

Part 2 Bark detail specification Mgretic
oxide cores for inductor applications.
Assessrent | evel A

Part 31 Sectional specification: Mgretic

oxi de cores for broadband transforners.

Part 3 Bark detail specification Mgretic
oxi de cores for broad-band transforners.
Assessnent levels A and B

Part 4 Sectional specification: Mgretic

oxi de cores for transforners and chokes

for poner applications.

Part 4 Bark detail specification Mgretic
oxi de cores for transforners and chokes

for pover applications. Assessnent |level A
Part 5. Sectional specification Adjusters used
wth nagnetic oxide cores for use in

adj ustabl e i nductors and transforners.

Part 5 Sectiona specification Ad usters used
wth nagnetic oxide cores for use in adjust -
able inductors and transforners. Section L
Bank detail specification. Assessnent

led A

Measuring nethods for cylinder cores, tube

cores and screw cores of nagnetic oxi des.

61000- 43 (1995)

61007  (1994)
61185 (1992
61246  (1994)
61247  (1995)

Part 4: Testing and neasurenent t echni ques.
Section 3. Radiated, radio frequency, € ectro-
nagnetic fields inmunity test.

Arendnent No. 1 (1998).

Transforners and i nductors for use in

el ectroni c and tel econmuni cati on equi pnent
-Measuring nethods and test procedures.
(Second Hiition).

Mygneti c oxi de cores (ETD cores) intended

for use in pover supply applications —
D nensions.  Amendnent No. 1 (1995).

Mgnetic oxi de cores (Ecores) of rectangu-
lar cross-section and associ ated parts -
O nensi ons.

PMcores nade of magnetic oxides and
associ ated parts - O nensi ons.

P.Q Box J, (he Conmerci al
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Ferrite References

61332 (1995) St ferite naterid dassificaion

61596 (1995) Magnetic oxide cores (B>cores) and
associ ated parts for use in inductors and
transforners - O nensi ons.

61604 (1997) Dnensions of uncoated ring cores of

nagneti c oxi des.

MMPA Publications on Soft Ferrites

PC 110 Pot Gre Sandard

FTC 410 Toroid Sandard

TC 200 Threaded Gore Sandard

W= 310 U E ad | Qre Sandard
SFG 96 Sft Ferrites, a Wer’'s Gide

The International Hectrotechnical Gmmssion (1K) istheworld
organization that prepares and publishes international stan
dards and specifications for al eectrica, dectronic ad reaed
technol ogi es. Founded in 1906, the IECis presently conposed
of nore than 50 participating coutries, includng al theverlds
ngjor trading nations and a growng nuner of industrializing
countries.

The above publications have been issued by |EC Technical
Grmmittee No. 51: Magnetic Gonponents and Ferrite Miterial s.
RPublications can be purchased from the Anerican National
Sandards Institute, 11 Vst 42nd Sreet, NewYork, Ny, 10036,
(212) 642- 4990.

The SOft Ferrite Dvision of the Mgnetic Mteria s Producers Association vas forned in 1973 for the
pur pose of enhanci ng conmuni cations between ferrite nanufacturers and users, increasing the appli-
cation know edge of the users, establishing engineering standards, and providing a representati ve

body for the i ndustry.

Soft ferrite MMPA publications can be obtained fromFair-Rte Roducts Qrp. or their representati ves.

Ref erence Books for Soft Ferrite Applications

Ferrites for Inductors and Transforners, 1983
Selling EC and Gles, AD , John Wl ey & Sons, NewYork, Ny

Sft Ferrites, Rroperties and Applications, 2nd Edition, 1988
Sellingg EC , Butterworths, Soneham M\

Transforner and | nductor Design Handbook, 1988
MLynan, Wh T., Mrcel Dekker, New York, Ny

Transnmission Line Transforners, 1990
Sevick, J., Anerican Radio Rel ay League, New ngton, CT

P.Q Box J,ne Commercial Row, Vallkill, Ny 12589-0288
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Soft Mgnetic Miterials, 1979
Boll, R, John Wley & Sons, New York, NY

Transforners for Hectronic Greuits, 2nd Edition, 1990
Gossner, N, MGawHIIl, NewYork, NY

Mbdern Ferrite Technol ogy, Second Edition, 1999
Gldnan, A, Kuwer Academic Publishers, Boston/
Dordrecht, Netherl ands/ London

Fair-Rte Products Corp.
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3 ossary of Terms

Air Qre Inductance - L (hery)
The inductance that would be neasured if the core had unity
perneabi ity and the flux distribution renai ned unal tered.

Qoercive Force - H_ (oersted)
The nagnetizing field strength required to bring the nagnetic
flux density of the nagnetized nateria to zero.

Qre Qnstant - C, (cm')

The sunmati on of the nagnetic path | engths of each section of
anagnetic circuit divided by the correspondi ng nagneti c area of
the sane section.

Qre Qnstant - C, (cm®)

The sunmati on of the nagnetic path | engths of each section of
a nagnetic circuit divided by the square of the correspondi ng
nagneti c area of the sane section.

Qurie Tenperature - T (°Q
The transition tenperature above whi ch a ferrite loses its ferri-
nagnetic properties.

D saccommodation - D

The proportional decrease of perneability after a di sturbance of
nagnetic naterial, neasured at constant tenperature, over a
gventine inervd.

D saccommodati on Factor - DF

The di saccormodati on factor if the di sacconmodati on after
nagnetic conditioning divided by the perneability of the first
neasurenent tines log,, o theraiod tineinervas.

Efective O nensions of a Mgnetic Grcuit -

Aea A_(cnf), Path Length | (cm) and Vol une V_ (cnf)

For a nagnetic core of given geonetry, the nagnetic path
length, the cross-sectional area and the vol une that a hypot heti -
ca toroida core of the sane nateria properties shoul d posses
to be the nagnetic equiva ent to the given core.

FedSrength - H (cersted)
The paraneter characterizing the anplitude of the alternating
fidd stregh

Hux Density - B (gauss)
The correspondi ng paraneter for the i nduced nagnetic field in
an area perpendicu ar to the flux path.

Hux Density, saturation - B (gauss)
The naxi numintrinsic induction possible in a naterial .

I nductance Factor - A (nH

I'nduct ance of a coil on a specified core divided by the square of
the nuner of turns. (Uhl ess otherw se specified the i nduct ance
test condtions for the inductance factor are at flux density <10
gauss) .

Loss Factor - tan o/

The phase of displ acenent between the fundamental conpo-
nents of the flux density and the fied strength divided by the
intid perneshility.

Fair-Rte Products Corp.

Magnetic Gonstant - u
The perneabi lity of free space.

Magnetic Hysteresis

In the nagnetic naterid, the irreversible variation of the flux
density or the nagneti zation whi ch i s associ at ed wth the change
of nagnetic field strength and i s i ndependent of the rate change.

Mignetical |y Soft Miterial
Anagnetic naterial wth lowcoercivity.

Perneabi lity, anplitude -

The quotient of the peak val ue of the flux density and the peak
value of theapliedfiedstrengha astated anplitude of e ther,
wth no static present.

Perneabi lity, conplex series - p/, |."
The real and i nagi nary conponents respectively of the conpl ex
perneabi l ity expressed in series terns.

Ferneadi lity, effective -

For anmagneticcircuit constructedwthanair gapor air gaps, the
perneability of a hypothetical honogeneous naterial which
voul d provi de the sane rel uct ance.

Perneabi lity, increnental - u,

Uhder stated conditions the perneability obtai ned fromthe ratio
o theflux density and the applied field strength of andtermating
field and a superinposed static fied.

Fernegbi lity, intid -

The perneabi lity obtained fromthe ratio of the fl ux density, kept
at <10 gauss, and the required applied field strength. Mteria
intidly inaspedfied neurdized stae

Pover Loss Density - P (mW cnf)
The power absorbed by a body of ferrinagnetic naterial and
dissipated as heat, when the body is subject to an adternating
field vhich resuits in a neasurabl e tenperature rise. The totd
loss is divided by the vol une of the body.

Renmanence - B (gauss)
The flux density renaining in a nagnetic nateria when the
applied nagnetic field strength is reduced to zero.

Tenperature efficient - TC
The rel ative change of the quantity considered, divided by the
difference in the tenperatures producing it.

Tenperature Factor - TF

The fractional changeintheinitia perneability over tenperature
range, dvided by theinitiad perneghility.

P.Q Box J,(ne Commercial Row, Véllkill, Ny 12589-0288
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Magneti ¢ Design Formul as

Hfective Gore Paraneters Mignetic path is divided into e enents wth length |
and cross-sectional area A
C,= ZIlIIA (cmt) C, = ZIlIA* (cmd)
I, = CAcC, (cm, A, = CJC, (cnd) V, = Cp2IC2 (cn?)
Hux Density Peak Feld Srength (Peak)
A E 108 * A A4TmNI b
B = 444 T NA, (gauss) H = T (cersted)
Were E = RM\B sine wave voltage (V)
f = Fequency (Hz)
A, = Hfective cross-sectional area (cnf)
I, = Hfective path length (cm
| = PReak current (A

2

= Nunber of turns

* To check for maxi numpeak flux density in a non-uniformcore set subsitute A, fa A.

A r Qore I nduct ance Nurber of Turns
4 TTN210"°
Lo = C B _ L 10° .
1 Clincml N = —AL LinH
| nduct ance Efective Perneabi ity
L = N2A (n) |
M, = <
2 e
L= u 2200 (4 i+
! i 1
4 TEN? }Cl'”cm Where |, = Hfective pathlength
L =g 10° () .
C, | = Ar gaplength
Attenuation Qal ity Factor
- I
A=2l0g,, Zs 2+ 7 (B _o2mflL, R,
1z, + Z| Q = R, 2nfL,
Were Z, = Source inpedance
Z = Load inpedance
Z,. = Suppression core inpedance

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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Wire Tabl e of Copper

Magnet W e

A(\é‘VG D amet er Q oss-Sectional Area Feet per Chs per Anper es

B&S (Inch) Ohm 1000 ft f(T . Turns per

Gauge (I'nch?) (cr nils) (20°9 (20°Q [1nNcir ml I nch?
10 . 1019 . 00815 10380 1001 1.00 10.4 92
11 . 0907 . 00647 8234 794 1.26 825 118
12 . 0808 . 00513 6530 630 1.59 6.54 146
13 . 0719 . 00407 5178 499 2.00 5.18 180
14 . 0641 . 00322 4107 396 2.53 4.11 231
15 .0571 . 00256 3257 314 3.18 3.26 275
16 . 0508 . 00203 2583 249 4,02 2.59 346
17 . 0453 . 00161 2048 198 5.06 2.05 432
18 . 0403 . 00127 1624 157 6. 39 1.62 544
19 . 0359 . 00101 1288 124 8.05 1.29 679
20 . 0320 . 000804 1022 98.5 10.2 1.03 854
21 . 0285 . 000638 810. 1 78.1 12.8 .81 1065
22 . 0254 . 000505 642. 4 62.0 16.1 .4 1345
23 . 0226 . 000400 509. 5 49.1 20.4 .51 1675
24 . 0201 . 000317 404.0 39.0 5.7 .40 2095
25 .0179 . 000252 320.4 30.9 32.4 .321 2630
26 . 0159 . 000200 254.1 24.5 40. 8 . 255 3325
27 . 0142 . 000158 201.5 19.4 51.4 .201 4110
28 . 0126 . 000126 159. 8 15.4 64.9 . 160 5210
29 . 0113 . 000100 126. 7 12.2 819 .128 6385
30 . 0100 . 0000785 100.5 97 103.1 . 100 8145
31 . 0089 . 0000622 79.7 7.7 130.1 .079 10, 097
32 . 0080 . 0000503 63.2 6.1 163 .064 12, 270
33 . 0071 . 0000396 50.1 4.8 206 .050 15, 615
34 . 0063 . 0000312 39.8 3.83 261 .040 19, 655
35 . 0056 . 0000248 3.5 304 330 . 0316 25, 530
36 . 0050 . 0000196 25.0 2.41 415 . 0250 31, 405
37 . 0045 . 0000159 19.8 1.91 524 . 0203 39, 570
38 . 0040 . 0000126 15.7 1.52 670 . 0160 49, 070
39 . 0035 . 00000962 12.5 1.20 832 . 0122 65, 790
40 .0031 . 00000755 9.89 0. 953 1049 . 0098 82, 180
41 . 0028 . 00000616 7.84 0. 756 1323 .0079 98, 860
42 . 0025 . 00000491 6.20 0. 598 1672 . 0062 121, 175
43 . 0022 . 00000380 4.93 0. 476 2101 . 0048 158, 245
44 . 0020 . 00000314 3.88 0.374 2674 . 0039 205, 515
45 .0018 . 00000254 3.10 0.299 3344 . 0032 249, 855
46 . 0016 . 00000201 2. 46 0. 238 4202 . 0025 310, 205

Far-Rte Products Cor 0. PQ Box J e conmercial Row Vellkill, NY 12589-0288
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The Effect of Drect Qurrent on the
| nduct ance of a Ferrite Qre

| ntroducti on

If ferrite cores are used in the design of transforners, chokes or
filters, wich arereqiredto carry drect curent, it is necessary
to predict the degree of inductance degradation caused by the
static field. Viden dc fl ows through the winding of aferronagnetic
device, it tends to pre-nagnetize the core and reduce its induc-
tance. The perneability of a ferrite nateria neasured wth
superinposed dc might increase slightly for very | owval ues of dc
anpere-turns, but thenit progressively decreases as the dc fiel d
is increased and the core approaches saturation. This perne-
adlity isreferred to as the increnenta pernesbility p,. If anar
gapisintroducedintothe nagnetic path of a core, the rel uctance
is increased hence the inductance is decreased. Hwever, the
core's capacity for dc anpere-turns wthout a degradation in
inductance is significatly inproved, abeit a the expense of a
lover effective perneability.

DC Bias in Gapped Cores

The use of graphs such as the Hanna* curves has sinplified the
tedious tria and error nethods often enpl oyed when desi gni ng
inductors wth superinposed dc. A Hanna curve is created by
neasuring the inductance vs. dc bias of various core sizes and
gap lengths of the sane naterial grade. The neasured data is
usedtocreate curves suchas thoseplottedin Fgure 1 (this curve
is specific for a set of 9478015002 E cores). Aline is dram
connecting the individual curves through the point of tangency.
The graphs are then nornal i zed by dividing the vertical sca e of
Foure 1 by the effective core vol une V,and the hori zontal scal e
and the gap lengths by the effective path length | of the core set.
The individua curves, once nornalized, overlay creating the
Hanna curve. Fgure 2 is such acurve for Fair-Rte 78 nateria
and can be used for al core setsinthat naterid.

*Foot not e:

10°
X
“\.040
10° -
i 3.0201
A |
) NUNREN
j/ 010
A 107 b2
/i .003
Py 4
7 001
\\airgap
10% .000
10°
0.01 0.1 1 10

Bias Current (A)

Figure 1 Poduct inductance factor and current squared vs.
DCcurrent for a pair of 9478015002 E cores.

Desi gn Exanpl e

For a typicad output choke application, the designer knows a
nuniber of design criteria such as the required inductance, the
drect curet, adternating ripde curet and alondd e dc resis-
tance. He will aso have requirenents for core size, anbient
tenperature an often apreference for a particul ar core geonetry.

CR Hanna presented a paper “Design of Reactances and Transforners which Garry Drect Qurrent” at the 1927 Wnter Qoxnvention of AEE

The paper provided a nethod of calcuating the air gap that wil yield the naxi numinductance for a g ven nunber of turns, wth a specified anout of dc, fa a

paticdar nateid.
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The fo lowng exanple il lustrates the use of the Hanna curve in 10° ’l-‘} e man i
the design of an i ndctor o =alrgap — 2
’ £, = effective path length of core set ~ 150

Inductor  speci fi cati ons: )(X:_ 00

M ni num i nduct ance L =1nH A ;0'&70

Drect curent l, =1A )'/z_czo

Aterneting ripde curet I =0.2 A 10 Lot

Mixi numdc resistance R, <02 Q /f"=.01‘0

2
L ¥~ 005
Sep 1 Initid Qre SHedtion v, /
sing the Hinna curve for 78 naterial of Houre 2, select aval ue /
fa LI/ V, aporoxinately mid range on the vertica axis, thet is 10+ //5—
between 10+ and 103. Ay val ue greater than 102 wll verk the / 4;'002
ferrite too hard and the dc resistance is apt to be high. Awything va
lower than 10+ wll resuit in a conservative design and the dc /
resistance wll be qite low
SHect therefore L|2/Ve= 3.5 10+ 105
1 10 100 1000

Glcuate V, from
VvV, =12/3510+

e

L. =1nd designfor L=21110°%H

| =l +1/2=1+022=11A
V, =1110%x11%3510+ = 3.8 cn

e

Sl ect Ecore (preferred core shape), based upon the cal cul at ed
core volune of 3.8 cn® fromthe catal og, pages xx and xx. Two

Fair-Rte E cores are consi dered:

9478015002
9478014002

V,=1.95 cnt and
V,=3.92 cnt.

The 9478014002 is clasest and will be used in this inductor
design. The core paraneters for this Ecore set are

[,=49cm A ,=.80cnt ad V, =392 cnt.

Recal cul ate
LI2/V,=1110°%x112/392 =34 10

Sep 22 Nunber of Turns, Wre Sze and Wre Ft.
FomFgure 2, a LI?/V,=3.410“ yields aHval ue of 17 oersted.

Glcuate tuns N fromthe fomlaH=.4 TIN / |, oersted
N=17x49.4x Tx11=603 o 61turs.

Fomthe core di nensions, the core wnding area can be
cacuated, see Table 1.

Wnding area for a set of E cores 9478014002 i s:

A, =D(EP ininchz
A,=.255 (.740-.250) =.125 inch2.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
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H (oersted)

Fgure 2 Huinna curve for core sets in 78 naterial .

Table 1

Qre Wnding Area (inch?)
E Qores O EF
ETD Cores OER
PQ Cores OER
Pot Gores OER
EP Cores O EF

Snce the wnding area of the appropriate bobbinis snaller than
the core wnding area, a correction factor F, has to be used to
deternine the bobbi n wnding area. Fgure 3 givesthis correction
factar F, as a function of the cal cu ated core wnding area A,.
Aset of Ecores 9478014002 has a A, =.125inch?, fromFgure
3 can be determined that the F, = .55 therefore the babbin
wnding areais .5 x .125 = .069 inch2. Wsing a conservative
curent density of 1 m\per circdar ml or 1275 A per inch?, an
initial wre size sel ection of 20 ANB can be nade fromthe Wre
Tabl e on page xx. To deternine the dc resi stance of the w nding,
first find the average length of turn fromTad e 2

Tabl e 2

Mean Length of Turn (inch)
E Qores 2 (CB
ETD Cores S5 (BP
PQ Cores .5 (B
Pot Qores S5 (BP
EP Cores .5 (BH

P.Q Box J,(ne Commercial Row, V@l lkill, Ny 12589-0288
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1.0 The graphs in Fgures 4 through 8 showthe inductance factors
9 g A vaues as afuxtion of thear gas for the dfferent core
types and sizes.The air gap deternined in the desi gn exanpl e
8 Egtccoi::ss andthe air gaps shownin Figures 4 through 8 represent the total
A air gap. The nost practica vay toobtainthisar ggpistogind
7 P =i thisgapintothe center legof one of the core hal ves. Non-netal lic
// // shing can also be used to obtain the desired air gap. This is
6 v / usual |y done by pl aci ng shins between the outer | egs or outside
Fe 5 // ATE Cores rins of the core halves. In cores wth a uni formcross-sectiond
' / L7111 PQcores area, the A value or inductance index wll be the sane whet her
4 /| d SUD RS the core is gapped or shins are used that have a thickness hal f
the total air gap. For cores that have a no-uniform cross-
3 sectional area the shimthickness can be cal cul ated from
5 Simthickness = tatal air gap x CSenter maing area
total nating area
1 The above exanpl e of the E core 9478014002, a core wth a
0 uni formeross-sectional area, can therefore use . 006 i nch shins
0.01 01 1.0 between the outer |egs.
A, (inch?)

FHogure 3 Qrrection factor F vs. core wnding area A,.

Average length of turn for E 9478014002 i s:

l, =2(CH .
luy =2(.500 +.740) =248 irch 10000 T — T T T
R, =248 x 61 x 10.2/12000 = 0.13 Q 1-94-625002 5-94-375002 9-94-015002
2-94-500002 6-94--014002 10-94--016002 |
(Fomthe Wre Table, 1000 ft of 20 AABhas a resistance of 10.2 Q) 3-04--036002 7-94-012002 11-94-020002 |
4-94-017002 8-94-034002 12-94-019002
To check for wnding fit, mitipy the nunbber of turns per square N
inch for 20 A/G fromthe Wre Table wth the bobbin wnding 1000 25 TN
area of .069 inchz. For 20 ANG the bobbin wnding area can 1
acconmodat e 854 x .069 = 58.9 turns. This is too close to the A 3 N
cacuated turns for an easily nanufactured nagnetic design. (nH) 5 S N
Wse 21 ANG vire i nstead. 4148§Q§§~ N NN
I §\\\ \\ \§:
R, =248 x 61 x 12.8/12000 = 0.16 Q. 100 okl | TN R
Wnding fit for 21 A/G
I~
N = 1065 x .069 = 73.5, vel| above the require 61 turns. ™~ L
™
Sep 3 Ar gp.
G]I’gbacktoﬁg.l’ez, f0|’ L|2/Ve:3.4 :I.O’4 arﬂa H=17 CEfSted, 100001 0.01 0.1

alll ratioof approxinately .006is found Air Gap (inch)

The gap length = .006 x |._.
| =.006 x 49254 =.012 inch.
To summari ze:
E core 9478014002 N=61turns
Wre size 21 ANG Gp length . 012 inch

Fogure 4 A vs. gapfor Ecoresin 77 and 78 naterial .
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10000 —r— 10000
I I I T
[ [ I I
1-56-422921 2-56--362221 I
3-56--301921 4-5677261621 SN
5.56--221321 6-56--181121
7-56--140821 8-56--1107921 EANY
ny 9-56--090521 - U
2 \i\\ 5 \\\ N
1000 3 HY 1000 2
% - N
A,_ 5 g AL
(nH) BN N (nH)
N N Ny
TN
3 \\\\\ \\\
100 5 100
[— 1 65--202021
| 2 65--171721
— 3 65--131321
| 4 65--101021
5 65--070721
10 10 L
0.001 0.01 0.1 0.001 0.01 0.1
Air Gap (inch) Air Gap (inch)
Fogure 5 A vs. gapfor pat cores in 77 and 78 naterial . Fogure 6 A vs gapfor EPcoesin77 and 78 naterial.
10000 10000
1 1
2N SN
1000 RS 1000 NN
5
AL 4 AL N
(nH) ™ (nH)
NN NN
\\ ™N \\ ™, ™NN
\ NONDN NONN
100 NN 100 |— 1-95--290002 NN
—— 2-95--440002
— —— 3.95--300002
[ 166--404021 3 66--262521 [ 4-95--340002
[ 166--353521 3 66--262021 — 5-95--200002
[ 266--323021 4 66--202021
— 266--322021 4 66--201621
oL LI o
0.001 0.01 0.1 0.001 0.01 0.1
Air Gap (inch) Air Gap (inch)
Fogue 7 A vs. gapfor RQcores in 77 and 78 naterial . Fogure 8 A vs gapfor EIDcores in 77 and 78 naterial .
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DC B as in pen Magnetic Cores

The di scussi on so far has been on core types that have a cl osed
nagnetic path, in vhich a snall air gap has been inserted by
either a ground gap or the use of shins. An open nagnetic core
can be thought of as acorewthavery largefixedair gap. Snce
the air gap is deternmined by the core geonetry and cannot be
changed, the Hanna curves can not be used for these types of
cores. Such cores as rods, slugs and bobbi ns can be used quite
successfully in inductor designs that have relative |ow induc-
tance val ues and can acconmodat e si gni fi cant anounts of static
curerts.

Thelargear gpwll forestal the sawraion o thistype of core
hence the inductance wll not as rapidy decrease as a function
of the dc anpere-turns. The Fair-Rte bobbins, listed on the
pages 134 and 135 of the catal og, are specifiedto aninductance
factar o A wthato erance of + 10%and al so by a N product of
dc anpere-turns, which woul d reduce the A val ue but not nore
than 5% For an inductor design the nunber of turns can be

cadcuated fromthe required inductance L and the inductance
factor of thebodbin N= L/A,(LinnH. The turns Ntines the
drect curet Iwll gvethe N product, which should be | ess than
the val ue quated for the bobbin. For wnding fit and dc resi stance
check, the sane procedure is used as outlined in the exanpl e
above, except here the A, of the bobbinis the totd availade
wndi ng area. The graphs of Hgure 9 showthe effect of tenpera
ture on the inductance factor vs. dc bias characteristics of the
9677242409 bobbin. As can be seen fromthese curves, the
decrease in inductance increases wth tenperature. The N
val ues listedinthe catal og are at roomtenperature, and nust be
derated when operating at el evated tenperatures. (pen nag-
netic cores, rods, slugs and bobbins are used and designed i nto
SRand triac contra's, speaker crossover networks and differ-
etia-node input filters. They are dso wilized for BM suppres-
sionagpplications wererelative large direct currents are present
and for output chokes in swtched-node power supplies.

DC Bias vs Percentage

100
] N \
80
\100°C \50°C \25°C
. VA
60
VAL
40
* \\\\
\
10
0
0 1 2 3 4 5 6 7 8 9 10
DC Bias (A)

Fgure 9 Rercent of original inductance factor vs. DChias and tenperature.

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor p

Phone: (888) FAR R TE / (845) 895-2055 + FAX (883) FEHRTE/ (845 8952629 « wwfair-ritecom « EMil: ferrites@air-rite com
(888) 324-7748 (883) 337-7483 Note: (914) Area (ode has changed to (845) .



170

14th Edition

Techni cal

| nfor mat 1 on

Use of Ferrites in Boadband Transfor mer s

| ntroducti on

Mst of the nagnetic infornationinthis cataogis data obtai ned
fromcores wound wth a si ngl e mul ti -turn-w ndi ng whi ch forns an
inductor. Wen a second wnding is added on the core, the
inductor becones a transforner. Depending on the require-
nents, transforners can be designed to provide dc isoation,
inpedance natching and specific current or voltage ratios.
Transforner designed for power, broadband, pul se, or inped
ance matching can often be used over a broad frequency
spect rum

In nany transforner designs ferrites are used as the core
nateriad. This artide wll addkess the properties of the ferrite
naterials and core geonetries which are of concern in the
desi gn of | ow pover broadband transforners.

Brief Theory

Broadband transforners are wound nagnetic devices that are
desi gned to transfer energy over a wde freguency range. Mst
applications for broadband transforners are in tel econmuni ca-
tion equi pnent where they are extensively used at a | ow pover
leds.

Fi gure 1 shows a typical perfornance curve of insertionloss as
a function of frequency for a broadband transforner. The
bandw dt h of a broadband transforner is the frequency differ-
ence between f, adf , o betveenf ) adf ', axdis afuxtion
of the specified insertion loss and the transforner rdl-off
characteri sti cs.

It can be seen that the bandw dth is narrower for transforners
wthastegprdl-of (f,-f ' ) thanthose wthanore gradual ra |-
df (f ,-f,). Asoin Fgue 1, the three frequency regions are
idetified

The cut of f frequenci es are determned by the requi renents of the
i ndi vi dual broadband transforner design. Therefore, f, can be
greater than 10 M or less than 300 Hz. Bandw dths al so can
vary froma few hundred hertz to hundreds of M. A typical
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: H gh Frequency
Regi on Regi on
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Low Frequency
Regi on

Insertion Loss —

Figure 1 Typicd Quracteristic Grve of Insertion Loss vs.
Frequency for a broadband transforner.

br cadband transforner design wll specify for the md frequency
range a naxi numinsertion loss and for the cutoff frequencies, f
ad f, naxinum allovable |osses. Fgure 2 is a schenatic
dagramof the lunped el enent equivaent circuit of a trans-
forner, separating the circuit into anided transforner, its com
ponents and equival ent parasitic resistances and reactances.
The secondary conponents, parasitics and the | oad resi stance
have been transferred to the prinary side and are identified wth
a prine.

To sinplify this circuit, the prinary and secondary circuit e
nent s have been conbi ned and t he equi val ent reduced circuit is
a shomn in FHgure 3. The physical significance of the paraneters
are listed below the equivd ent circuits. In the | ow frequency
regontherdl-off intransmssion characteristics is due al over-
ing of the shunt inpedance. The shunt inpedance decreases
when the frequency is reduced, which results in the increases
level of attenuation. The inpedance is nainly a function of the
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' | dedl
R Tr ansf or mer

3

Fgure 2 Lunped equival ent of a transforner.

M
|

= source BEMWMF

source resi stance

prinary w ndi ng capacitance
resi stance of prinary wnding

prinary | eakage i nduct ance

- 00X
1

open circuit inductance of prinary wnding

mﬁ
I

shunt resistance that represents loss in core
Secondary paraneters reflected to the prinary side.

C.' = secondary w ndi ng capaci t ance

resi stance of secondary w ndi ng
secondary | eakage i nduct ance

o - X
1

| oad resi stance

R L | dedl

Tr ansf or mer

| n

Snplified equiva et transforner circuit
Cc,=C, +C;

Fgure 3

R.=R +R)
L=L,+L,
For other circuit paraneters see Fgure 2

prinary reactance X ,wthanegighblecontributionad the equiva
lent shurt | oss resistance R,. The insertionlaoss nay therefore be
expressed in terns of the shunt inductance:

A = 10 log,, (1+ (ﬁ)Z) dB
p

Where R=R xR, IR,= R,

For nost ferrite broadband transforner designs, the only e e
nents that are likely to effect the transmssion at the nid-band
frequency range are the wndi ng resi stances. The insertion | oss
for the nnd-band freguency regi on due to the wndi ng resi stance
nmay be expressed as:

- R
A = 20log,, (1+I?aTC,‘?’) dB

Where R =R + R,

In the higher frequency region the transmssion characteristics
are miny a function of the leakage inductance or the shunt
capacitance. It is often necessary to consider the effect of bath
of these reactances, depending uponthe circuit inpedance. Ina
| ow i npedance circuit the high freguency droop due to | eakage
i nductance is:

A = 10log,, (1+(R(JO 2 ,)2) dB
a+ b

This high frequency droop inahighinpedance circuit, duetothe
shunt capacitance, is as fdlovs:

A= 1000g, (1+(wcr) ) d8

Rviewng the insertion loss characteristics for the three fre
quency regions, it can be concluded that the selection of ferrite
naterial and core shape should result in a transforner design
that yields the highest inductance per turn at the | owfreguency
atdf f,. Thiswll resut inthe required shut inductance for the
low frequency region wth the least nunber of turns. The low
nunber of turns are desirable for lowinsertion loss a the md
band region and al so for | oww ndi ng parasiti cs needed for good
response at the high frequency cutoff f .
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Low and Medi um Frequency
Br oadband Tr ansforners

For broadband transforner applications the optimumferrite is
the nateria that has the highest initia pernesbility a the | over
cutaff frequency f .. Minganese zinc ferrites, suchas Fair-Rte 77
or 78 naterial, are very suitable for |owand nedi umfrequency
broadband transforners designs. As stated before, the trans-
forner paraneter that isnost critica isthe shut reactance ((wl)
vwhich wll increase wth frequency as long as the naterial
perneability is constant or dnminishing a a rate less than the
increase in frequency. This holds true even if a transforner is
desi gned usi ng a nanganese zinc ferrite where f  isa thehiger
end of the flat portion of the perneability vs. frequency curve.
Athough the vhol e bandpass lies in the area vhere the initia
perneabi lity i s decreasing, yet the bandpass characteristics wil
be virtually unaffected. For broadband transforners that use a
nanganese zinc ferrite nateria the core geonetry shoul d be
such as to mininze the R /Lraio Inaher verds, theraiod oc
resistance to the inductance for a singe tun shoud be a
nmninum The range of pot cores, standardized by the Interna
tional Hectrotechnica Gnmissi on i n docunent | BEC 60133, has
been desi gned for this nininumR, /L ratio.* Qher core shapes
such as the BEP cores and PQ cores can also be used in the
design of these broadband transforners. Qten the fina core
sel ection wll a so be influenced by such consi derations as ease
of wnding, termnating and other nechani cal design constraints
o the transforner.

Broadband Transforners wth a
Superinposed Satic FHeld

In transforner designs that have a superinposed direct current,
gapped cores can be enpl oyed to overcone the decrease in the
shunt i nduct ance. Hanna curves can be used to ai d i n the design
of inductive devices that carry adirect curent. For noreinforna:
tion see section “The BEfect of Drect Grrent on the I nductance
of a Ferrite Qxe” on page 165.

H gh Frequency Broadband Transf or ners.

Athough there is no clear division between the frequency re-
gows, for this aticle it is assuned that the high frequency
broadband transforner designs use nickel zinc ferrites as the
preferred core nateria. This wil typicaly occur for transforner
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desi gns vhere the bandpass |ies whal | y above 500 kHz. A these
higher operating frequencies it becones nore inportant to
consi der the conpl ex nagneti c parangters of the core naterial,
rather than use the sinple core constants, such as A, recom
nended for |ow frequency designs.

Another inportant consideration is that high frequency trans-
forners are generally used in |lowinpedance circuits, which
neans that these designs require | owshunt inpedances. This
can often be acconplished wth a few turns, hence w nding
resi stances are no | onger an issue, and the design concept of
mninzing R./Lis nolonger required. The designwll instead
becone focused on core shape and naterial for the required
shunt i npedance at f, al ong with reduci ng | eakage i nduct ance
of thewnding. Sncethe nateria characteristics perneability
and | osses affect the shunt i npedance t hese par aneters need
to be considered in high frequency broadband transforner
designs. Hgures 4, 5and 6 are typical curves of inpedance Z,
equivalent parallel reactance X, and equivaent parallel |oss
resistance R, as a function of frequency. They are neasured
on the sane nul ti-aperture core 28-602302, in 73, 43, and 61
naterial, wound wth a singl e turn through both hol es. For high
frequency broadband transforners the toroidal core shape
becones an attractive core geonetry. The fewturns that are
often required can easily be wound on the toroid. Hwever,
wndings that require only a fewturns nay give rise to prob-
lens in obtaining the desired i npedance ratios. To mininize
| eakage inductance it is suggested that the prinary and sec-
ondary w ndi ngs be tightly coupl ed and vhere possible abifilar
w ndi ng be used.

A inprovenent in core performance over toroids can be
obtained by the use of multi-aperture cores, which can be
consi dered as two toroi dal cores side by side. This core shape
has a lower single turn wnding length than the equival ent
toroidal core wth the sane core constant C,, andwll resut in
a w der bandw dth of the transforner design. Many broadband
transforners have been designed utilizing nickel zinc ferrite
toroids wth good results. |f bandw dth requirenents cannot be
net using toroids, nulti-aperture nickel zinc cores should be
consi der ed.

The nul ti-aperture cores listed inthis catal og on page 84, are
availadeinthenicked zinc ferrite naterials 61 and 43 as vl |
in the nanganese zinc ferrite 73 naterial .

P.Q Box J,(ne Commercial Row, Véllkill, Ny 12589-0288
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Summar y 100

The lowcutoff frequency f isthesinge nest inportant factor in
theferritenaterid sdection Thenaterid wththe highest intia i
perneshility at f is the recommended choi ce. L

I\

Minganese zinc ferrites, 77 and 78, can be used to a cutoff 13| P ed
frequency f , of 500 kiHz. Above this freguency use a ni ckel zinc o a4
ferrite, agai n depending upon the frequency f , sdect 6l or 43
nateria.

r4(0)]

10 ¢/ 7

For | ow and nedi umfrequency transforners the opti numcore L/
shape should provide the lowest DC resistance per unit of /
inductance. If there is a superinposed dc present the use of 4
gapped cores and Hanna curves is suggested. For high fre- /
quency designs, use nickd zinc ferrite. The toroidd and nol ti-
aperture cores are the reconmended core configurations.

The nuniber of turns should be kept to a mininumto reduce 1 /
| eakage i nduct ance and sel f - capaci tance of the w ndings. Wnd 10° 107 108 10°
prinary and secondary wndings tigntly coupled or as bifilar
w ndings to | over |eakage i nductance.

Frequency (Hz)

The Bead, Balun and Broadband Kit |1, part nunber 0199000011, Figure 4 Inpedance vs. frequency for part nunber
contains a variety of conponents suited for broadoand trans- 28-602302 in 73, 43 and 61 material .
forner design eval uations, see page 92

1000 1000
/
//_\\\ 61
/ d 73 / // j
100 y \ 100 o
\\ /I 7
7/ / A e
—_ / —_ d ) Y 61
S A EmmE = S a7
o f— ! |_ T [ o o N N O A S N M o A //
g i % X /// ! Vd //
7 1
P /
lO ~ lo /’/ ,’/
,/
7 Vi
/
//
1 14
108 107 108 10° 108 107 108 10°
Frequency (Hz) Frequency (Hz)
Fgure 5 Paralel resistance vs. freguency for part nunber Figure 6 Paralle reactance vs. frequency for part nunber
28002302 in 73, 43 and 61 naterial . 28002302 in 73, 43 and 61 naterial .
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How t o Choose Ferrite Conponents
for EM Suppression

| nt roducti on

The folowng pages will focus on Soft Ferrites used in the
application of el ectronagnetic interference (BM) suppressi on.
Athough the end use is an inportant issue and sone appli ca-
tions are nentioned, this technical sectionis not intended to be
a design nanual, but rather, an aid to the designer in under-
standi ng and choosi ng the opti numferrite nateria and conpo-
nent for their particdar applicaion. Ferrite suppressor cores
aesinpletouwe ineathe intid desigs o retrdfits, ad ae
conparatively economical in both price and space. Ferrite
suppressors have been successful |y enpl oyed for attenuating
EM in conputers and rel ated products, swtching pover sup-
plies, el ectronic autonative ignition systens, and garage doors
openers, to nane just a few

Wse of Ferrite Suppressor Cores

The Lhited Sates vas one of thefirst countries torecogni ze the
potentia probl ens caused by el ectronagnetic pollution. As a
result the FGCwvas charged wth the responsibility of proml -
gatingruesandregu ationstocontro and enforce linits on high
frequency interference.

FHoure 1 shows the current radiation linmts as defined by FQC
Riles Part 15, for class A(industria) and cl ass B (nass- narket)
equi pnent .

Qrtrary to the tines when these regulations were first en
forced and designing for BEM protection was often an after-
thought rather than a forethought, a najor portion of today' s
circutry is incorporating BEM safeguards inits initiad design
Miny appr oaches can be used to conply wth design or speci -
ficationlinmts for BM. Atentiontobaesic circuit design, conpo-
nent layout, shielded enclosures and other use of shielding
naterials nay be considered. For reducing or el ininating
conducted EM on printed circuit boards in wring and cabl es,
ferrite conponents have been used very successfully for de-
cades. The ferrite core introduces into the circuit a frequency
vari abl e i npedance, see Hgure 22 The core will nat affect the
| over frequency operating signals but does bl ock the conduc-
tion of the BM noise frequencies. The FHgures 3 and 4 are
photographs of a representative sanpling of the Fair-Rte
Products Qxrp. product line of suppressor cores.

Fair-Rte Products Corp.

Gonduct ed Limits*
Fr equency Qass A Qass B
450 kHz — 1.6 Mz 60 dBuV 50 dBuV
1.6 Mz — 30 ME 70 dBuv 60 dBuv
*Measured using a 50-ohm LI SN
Radi ated Li mts**
30 Mz — 88 M&z 50 dBuV/ m 40 dBuV/ m
88 Mz — 216 Mt 53 dBuV/ m 43 dBuV/ m
216 Mz — 960 Mz 56 dBuV/ m 46 dBuV/ m
above 960 Mz 64 dBuV/ m 54 dBuV/ m

* Measured at a 3-neter distance

Fgue 1l FQCRadiation Limts for class A & B equi pnent.

250
T T TN
200 L ™~
A
/ /

— z ///
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n:m / RS
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100 ) 7
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/| ™~
/:/ \\ X
50 N L
A/
/ //
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0 =
10°¢ 107 108 10°
Frequency (Hz)

Figure 2 Impedance, reactance, and resistance vs.

frequency for a ferrite core in 43 material.
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Fogure 3, 4 Variety of BM Suppression Gres including: (1) Beads on Leads, (2) Solit Round Gabl e Suppressi on Qores and
Gases, (3) Slit Hat Ghle Suppression Qres and Gases, (4) Rinted Greuit (FQ Beads, (5) Toroidal Type Shield Beads,
(6) wrface-Munt (S\) Beads, (7) on Reel, (8) Véund Beads, (9) Gonnector Suppression Oscs and A ates and

(10) Qe of nine BEngineering Kits containing a Large Variety of Sanples of BEM Suppressor QGires.

The Magneti cs

The perneability of a ferrite naterial is a conpl ex paraneter
consisting of area and an inaginary part. The real conponent
represents the reactive portion and the inaginary conponent
represents the losses. These nay be expressed as series
conponents (g p.") o paralle conporents (H,; H,,')-

Fogure 5 is the vector representation of the series equiva ent
circut o aferrite supression core; the loss free inductor (L)is
in series wth the equivalent loss resistor (R). The fdlowng
equations rel ate the series i npedance and the conpl ex perne-
dility:

Z=jwL, + R, =j wL (U'-j 1) ohm

so thet
wL, = wLp,' ohm
R, = wL '~ ohm
vhere: L = 4mN?10° (H istheair coreinductance
C

1

The i npedance of a ferrite suppressor core is a conbi nation of
theintrinsic nateriad characteristicsu adu ", the square of the
turns and of the ferrite core. The conpl ex perneability conpo-
rents p' ad p" vary as a function of frequency. The core
geonetry and the nuniber of turns are frequency i ndependent
contributors to the overall inpedance.

= L, R,
oL V=IzZ s s

— 8

h Z=R HjoL,
= I= v Z:Rs+j(DLou's’
IR z . R
Z=joL, (ijo + )
RS =(L)L()l'lis,, . 5 = Ix}
oL=oL .’ |Z= JOL, (K -jU")
tand = ?)ST - %’ 21079
SRR S =tV (SR
1

Figure 5

Mterial Sl ection

Gnducted BEM can occur over a wde range of frequencies,
fromas | owas 1 M to several G&. To provi de protecti on over
such a wde frequency range a nunber of ferrite naterials will
have to be nade avail abl e.

Far-Rtedfersaconpleteline of suppressionferritesthat cover
a gamt of frequencies. Sarting at 1 Mz Mizn ferrites 73 and
31 are used. Begi nning around 20 M¥z up to 200/ 300 ME the
NZn naterial s 43 and 44 are reconmended. For the highest
frequencies the NZn 61 nateria is the chaice

PQ Box J. e comercial Row vaikiil, waizsseozes Al F-Hte Products Cor P.
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F gures 6 through 10 showfor these five suppression nateria s
the conpl ex perneabi lities '  ad p"  as afunction of frequency.
For al these naterias a lowfrequencies ' is highest but asthe
frequency increases p', becones the dominant material param
eter whence the biggest contributor to the overall inpedance. A
the I owfrequencies where W', is highest the suppression core is
nostly inductive and rejects BM signals. A the higher frequen
cies vhere p"  becones the nore significant paraneter the
i npedance w | | becone nore and nore resi stive and absorbs the
conducted EM.

Table 1 lists Fair-Rte' s suppression naterial's, suggested oper-
ating frequency ranges and the test freguencies for the five
suppression naterials. The recoomended naterial s wll provide
the highest conbination of the prinary nateria characteristics
W, ad p", over that freguency range.

Table 1
Mterial | Frequency Range | Test Frequencies Coment s
73 1 -25 Mt 10 - 25 M& Sl | parts only
31 1 - 300 Mk 10 - 25 — 100 Mk | Large parts only
43 20 - 300 M 25 — 100 M Wode range of parts
44 20 — 300 Mz 25 — 100 Mz Hohresistivity
61 200+ Mz 100 — 250 Mz For VH desi gns

Mking the naterid sdection is the first step in dimnaing
conducted BEM problens. To nake this nateria selection it is
inperative that the frequency or frequencies of the uwanted
noi se are known. This needs not be an exact figure; an approxi-
nationwl| be sufficient. FFomthe BEM frequency the naterial can
be sel ected. It should be nade clear that severa environnental
conditions wll have to be addressed before this sel ection be-
cones fina .

Condi ti ons

As shown in Fgures 6 through 10, the w'  ad ", wll vary s a
function of freguency. Hwever, several environnental condi-
tionswll a soaffect these prinary nateria paraneters. The nost
significant ones are tenperature and dc hi as.

Envi r onnent al

Changes in the coni nation of p'. and p", due to tenperature is
strictly anateria characteristicwichis nat affected by the core
geonetry. The graphs in FHgures 11 through 15 show the per-
cent age change i n i npedance as a function of tenperature vhen
conpar ed to roomt enperat ure. These typi cal changes in i nped-
ance Wil be applicable for all conponents nade from these
naterials. Designers can use these graphs to eval uate perfor-
nance of specific conponents versus tenperature.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

73 Mteria
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Figure 6 Complex Permeability vs. Frequency
Measured on a 2673000301 bead using
the HP 4284A and the HP 4291A.

31 Mterial
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Figure 7 Complex Permeability vs. Frequency

Measured on a 17/10/6mm toroid using
the HP 4284A and the HP 4291A.
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61 Mteri al
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14th Edition
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43 Materi al
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Complex Permeability vs. Frequency
Measured on a 17/10/6mm toroid using
the HP 4284A and the HP 4291A.
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Figure 10
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100
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10
10° 108
Frequency (Hz)
Complex Permeability vs. Frequency
Measured on a 17/10/6mm toroid using
The dc bias is nore conplex. The dc bias wil affect both the p'
and P, but thisis asoinfluenced by the core geonetry, specifi-
BEM suppressi on beads and

the HP 4284A and the HP 4291A.
caly the nagnetic path length. Therefore Fair-Rte provides dc
bias infornation based on a dc Hfield in oersted for nany of its

Figure 8
round cabl e suppression cores listed in the cata og a cal cul ated
Hval ue (H1.256/1 ) that is based on a single turn and one Ap

suppr essi on conponents. For all
direct curent is shom This cacuated value of H shoud be
nodifiedif noretunsareusedor if thecurrent isnat 1A A2 Ap
curent wll of coursedoblethevauelistedfor thepart. Qethe
true dc Hfieldis cacdaed gaphsinHgures 16 through 20 wi
provi de the change i n i npedance i nfornation for the appropriate
naterial, frequency and true Hval ue.
O bias curves are included in this catalog for wund and
assentl ed parts as well as for those conponents for which the
For each individua conponent an

44 Miterial
refer tothe product sections for beads on | eads, pages 29-40 and

1000
Ws
Pz

nagnetic path length cannot be easily cal culated. For instance,

N
™

chip beads, pages 50-73 .
i npedance vs. frequency curve wth the dc bias as a paraneter

100

isincluded Again, this wll provide the designer wth a quick
evaluation on how the dc affects the perfornance of these

Wsy W's
1
108

corrponent S.
EMil: ferrites@air-rite com

10

107

Frequency (Hz)

108
PQ Box J. e omercial Row vaikii, waizsseozes Al F-Hte Products Corn.

1
108
FAX (883 FHRRTE/ (845 8952629 « ww(fair-rite.com e

Complex Permeability vs. Frequency

Measured on a 17/10/6mm toroid using

the HP 4284A and the HP 4291A.
(883) 337-7483 Note: (914) Area (ode has changed to (845) .
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73 Miteria
125
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0
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Temperature(°C)
Figure 11 Percent of Original Impedance vs. Temperature
Measured on a 2673000301 using the HP4291A.
43 Mterial
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\
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Temperature(°C)

80 100 120

Figure 13 Percent of Original Impedance vs. Temperature

Measured on a 2643000301 using the HP4291A.

Fair-Rte Products Corp.

FAX (883) FHRRTE/ (845 8952629 « wwfair-rite.com e
(883) 337-7483 Note: (914) Area (ode has changed to (845) .
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Figure 12 Percent of Original Impedance vs. Temperature
Measured on a 2631000301 using the HP4291A.
44 Miterial
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Figure 14 Percent of Original Impedance vs. Temperature

Measured on a 2644000301 using the HP4291A.
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61 Miterial
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Figure 15 Percent of Original Impedance vs. Temperature
Measured on a 2661000301 using the HP4291A.

Secondary Material Paraneters

Athough W' .and W' arethe nest criticad naterid characteristics
for suppression applications, resistivity and Qrie tenperature
areferritenaterial paraneters that shoul d be considered as vel .

The Grietenperature i s the transition tenperat ure above whi ch
the ferrite loses its nagnetic properties. A this tenperature the
conponent is no longer performng its intended function. Qe
the nateria cods down below this tenperature it wll again
performas before. For all Fair-Rte naterials a mnimmarie
tenperature is specified

As nentioned previously, Fair-Rte nanufactures two cl asses of
ferrite naterials, Mizn and NZn ferrites. The nanganese zinc
naterial s have lowresistivities wereas the nickd zinc nateria s
have high resistivities. For applications that use non-insu ated
wres o for use as comnector suppression plates, a ferrite
naterial wth the highest resistivity is reconmended. Fair-Rte's
24 nateria is an inproved 43 nateria by providing both in
creased resistivity and Qrie tenperature. Gonponents inthe 44
NZnnateria are catal og standard parts for connector plates and
wound parts such as PC beads and wound beads.

73 Miteria
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c
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Sf 20 A \\ 25MH
z
10 \\ I~
10MHz | ~~——nul ]
0
0o 1 2 3 4 5 6 7 8 9 10
H(oersted)
Figure 16 Percent of Original Impedance vs.
Magnetic Field Strength. Measured on a
2673000301 using the HP4291A.
31 Mterial
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10 —
0
0o 1 2 3 4 5 6 7 8 9 10
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Figure 17 Percent of Original Impedance vs.

Magnetic Field Strength. Measured on a
2631000301 using the HP4291A.
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Figure 18 Percent of Original Impedance vs. Figure 19 Percent of Original Impedance vs.
Magnetic Field Strength. Measured on a Magnetic Field Strength. Measured on a
2643000301 using the HP4291A. 2644000301 using the HP4291A.
61 Meterial Common- Mbde Desi gn
100 If the dc currents are so high that the resul ting i npedances are
Y not sufficient to suppress the conducted noise, the conmon-
s 920 N node appr oach nmght sol ve the probl em As shown in FHgure 21,
S \ < i n a cormon- node desi gn both current-carrying conductors wl |
© 80 N pass through the sane hole in the core. The dc fields wil cancel
o 0 N ([ 250MHz and the cormon-node noi se that is pi cked-up on both lines wil |
4 N T~ be attenuated. It should be pointed out that an BM signal that is
£ 60 100MHz — onthelinetothelcad andthenreturns fromthe load Wil not “see”
= ~_ the core and Wil not be attenuated.
= 50
2 I Inapdications wth alarge drect curent inasing e conductor,
) 40 the sol ution mgnt be the use of an open nagnetic circuit core
IS 30 such as a wound ferrite rod. In autonotive designs were the
S goud is used as the return path, this oftenis the only option
3]
o 20 Wen hi gh frequency operating signals, typically above 1 M,
10 are susceptible to BM, the common-node approach might be
used to sol ve that problem Inthis instance conmon-node i s not
0 used for the current conpensation, but rather for the conpensa-
6 1 2 3 4 5 6 7 8 9 10 tion of the high frequency signds. These signel pairs will be not
H(oersted) be suppressed, yet any comnmon-node EM w il be attenuat ed.
The use of round or flat cable cores is a good exanple of this
Figure 20  Percent of Original Impedance vs. application of this type of common-node Suppressi on.

Fair-Rte Products Corp.

Magnetic Field Strength. Measured on a
2661000301 using the HP4291A.
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Common-Mode Design

EMI

/

EMI

Figure 21

Gre Sl ection

Once the proper ferrite naterial for a specific suppressi on appli-
cation has been decided the required ferrite coreis the next step
insoving the BM problem The core contribution to the i nped-
ance is expressed in the formil a

41N?10°

Lo= . G)

Fomthisfomlait is evident that theinpedanceis proportional
to the square of the nunber of turns and the core geonetry
shown by the core constant C,. The advantage of the proportion-
dityd N2 is often overl ooked and yet can enhance the overall
i npedance significantly for arather minor cost. H gure 22 shows
t he i npedance versus frequency curves for one of Fair-Rte' s 43
nateria cable cores wound wth one, two and three turns. By
increasing the nuniber of turns the wnding capacitance is in
creased resulting in a shift in the naxi numi npedance to | over
frequencies. |f aninprovenent of the | owfrequency i npedance
perfornance is needed, this increase in turns can be very
bereficid for the 43 nateria applicaions.

The core geonetry nost often used i n suppressi on appl i cations
isthetorodal core. WWenthe di nensions areininches, the Lo for
the toroidal core shapeis 1.17 NP Hlog,) Y ID 10%(H. O the
three core dinensions A IDand H (height), the His the nost
signficat. Thisdinensionis proportiona tothe toroida Lo and
hence of the inpedance of the core. Doubling Hw il doubl e the
vol une and al so the inpedance. Doubling the core vol une by
changing the @and or the IDwII only increase the i npedance
by approxi nately 40%

Qrerall the process of selectingabead or cable core that fits the
wre or cable is nainly a nechanical eva uation, but the | onger
the sel ected core the hi gher the i npedance for a gi ven vol une of
ferrite naterid.

2000
N=3)]
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S
N
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800 / N=2)/
/111
400 / pail
~
/ /// N=1 | | \\\
/ _,_/ §§\\\
0 [ 1T MR
108 107 108 10°
Frequency (Hz)
Figure 22 Impedance vs. frequency for a 14/6/28mm

cable core in 43 material wound with one,
two, and three turns.

Suppression Materials
[ | 44
[ | 43
]

||

1 10 100
Frequency (MHz)

1000

Figure 23 Available Fair-Rite Suppression Materials

vs. Frequency
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Suppressing Common-Mode Noise Suppressing Differential-Mode Noise
—— ——

Small Currents Small Currents
———] =

Large Currents

77777 Large Currents

HF Signals ’*

Economical Figure 25

Figure 24

Summary

1 Miteria S ection 2. Qre Slection

The gaph in Agre B ads intheintiad nateriad seection for 1O nake a final core selection, the type of EM, common-

suppressi ng conducted BM frequenci es. node or differential -node, wll affect the choi ce of the core
configuration.

DC bias, core size, operating tenperature and resistance re- ) ) )
quirenents might affect this choice. Fgures 24 and 25 provide an overview of the available core

shape options for differet levds of input curents.

A though the catalog lists hundreds of suppression conponents, we at
Fair-Rte Products Qxrp. wll nanufacture parts to fit custoner specific
applications. Gntact one of our representatives or our sales office in
Vel [kill, NYwth your requirenents.
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Ferrite Ti|le Absorbers
for BEMC Test Ghanter Applications

| ntroducti on

Far-Rtes tile amsorbers provide an atractive dternaive to
traditiona large, foamtype absorber nateria s for newanechoi c
chantoers or for upgradi ng ol der roons for radiated emssi on and
inmnity neasurenents. Wile ferrite tiles are a reativey
recent devel opnent, they have cone into use wherever high
absorption (-15t0 -25 dB at <100 M) and conpact si ze (6nmm
vs 2400nmfor foamabsorbers) are required. There are now
hundreds of installations worldw de i n conpact and 3/ 10 net er
FQC certified chanbers. Ferrites thensel ves are inherently
inmune to fire, humdity and chemicals providing a reliable
and conpact sol ution for attenuati ng pl ane vave reflections in
shi el ded encl osures.

Theory of (peration

The basic physics of operation for any planar el ectronagnetic
absorber invol ves fundanental concepts as shown in Fgure 1
Wen an el ectronagnetic wave traveling through free-space
encounters a different nedium(at Z=0), the vave wll be re
flected, transmtted, and/or absorbed. It is of course, the nagni-
tude of the reflected sigd vhichis wswdly of inerest inthis
gplicaion Fo ferite tiles, the thickness is tuned so that the
rel ative phases of the reflected and exiting wave cancel to form
aresonant condition. This resonant condition appears as a deep
“nud1” in the return loss response.  This resonance is aso a
function of the freguency dependent el ectrical properties of the
ferrite nateria such as relative pernegbi ity (1) and permittivity
(e) which interact to determire the reflection coefficient ()
inpedance (2 and return loss (R) according to the folowng
formul as:

Z,= /g-tarh [(2m) Vie] (o

RR=2010og,(l) (dB

Et

g Transmtted
-9 vave

H; &n

E
Ay '
Reflected <=

wave H
r

Ej
L

]
=

I nci dert
wave HI
Medi um 1 Medi um 2
(€1, H1) (€2, Hp)

z-0 Mtallic
ngre 1 Sur f ace
\Mtier e

W= relative perneshility of nediuml (air)
g = relative pernittivity of neduml (air)
W,= relative pernesbility of nedum2 (ferrite)
€,= reative pernttivity of ned um2 (ferrite)
= reflection coefficient of netd becked ferritetile
Z, = input inpedance of netal backed ferrite tile
Z = inpedance of free space (air)
E, ,H = conponents of incident plane wave
E, .H = reflected conponents of incident plane wave
E,,H= transnmtted conponents of incident plane wave
d = thickness of nedium2 (ferrite)

I ncreasi ng Bandw dt h

For sone chanter applications increased absorber bandw dt h
nay be desired to conply wth high frequency testing needs.
Qne technique shown in FHgure 2 increases the bandw dth of
ferrite tile imstdlaias by nwuting the tile over a ddectric
spacer (typically wod) of appropriate thickness. Wen bothtile
and spacer thicknesses are optinized, the frequency response
is shifted upward to inprove return | oss perfornance from®600-
1500 Mtz (see Hgure 3). QO course, if increased bandw dth up
to 20 GE is desired, several absorber vendors provide com
pletely engineered hybrid absorbers using specialy designed
pyramidal and wedge shaped diel ectric absorbers natched to
faritetiles
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Typical Return Loss with Oelectric Spacer
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Foure 3 Spacer Thi ckness = 13mm

Wde Angl e Absorption

Qe of the nost overl ooked aspects of using any absorber is the
raloff of aosorption wth increasing angle of incidence. Mst
publ i shed absorber data contains only nornal incidence return
loss (dB which is typically were the naxi num absorption is
obtained. Nornal incidence is defined as pl ane wave radati on
arriving perpendicu ar (0°) tothe plane of the absorbi ng surface.
The curves in Fgure 4 were generated using equations de-
scribed in IEE docunent “Recommended Practice for RF
Absorber Bval uation in the range 30 Mz to 5 G¥". Snce the
reflections occuring in anechoic chanbers seldomilluninate
absorber nateridsa 0°, it isinportant to consider the reflection
angl es generated by each chaner geonetry and size for best
results. For nest chanters, the range of angles isinthe 40-60°
range, hovever it is usualy desirable to operate at < 50°.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748

FAX (883) FHRRTE/ (845 8952629 « wwfair-rite.com e
(883) 337-7483 Note: (914) Area (ode has changed to (845) .

Return |l oss vs angl e of incidence for TMpal arizationis shomnin
Fogured Rturnloss curves for TE pdarization (not shown) are
smla.

Wde-Angl e Return Loss — TMPol ari zati on

75°

60°

-10
45°
30°

-15

Return Loss (dB)
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100

10 1000 10000

Frequency (MHz)

Fgure 4

Preci si on D nensi ons

S udi es have shown that naxi num| ow frequency perfornance
is otaned wen tile to tile gaps are mnimzed. Far-Rte
preci sel y nachi nes each of the six surfacesto + 0. 13mm(.0B)
toesueatigt tiletotilefit for eesier irstdlaionwthlessaiting
requred Fogure 5illuwstrates the effect of ggs on tile perfor-
nance when installed wth: no gap (0 mmj), . 25mmand 1. Omm
Itiscriticd tonaintancotact betveentiles for best resuts. The
fina resuts of the conpl eted test chaner wll al so be degraded
by other factors such as |ights, gaps around door openings, and
exposed netal lic conduit.

Reflectivity vs. Tile—Tile Gp S ze

0
5 T~
o 10 o
g -15 T~
3 a0 \‘ \‘
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-35
-40
10t 10?
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Fgure 5
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0199000005 92 0443806406 103 2512061217Y0 51 2631625102 95
0199000008 92 0444164181 103 2512061527Y0 51 2631626302 95
0199000010 92 0444164281 103 2512061907Y1 52 2631626402 95
0199000011 92 0444164951 103 2512063007Y0 51 2631665702 95
0199000014 92 0444167281 103 2512063007Y3 52 2643000101 25
0199000017 92 0444173551 103 2512063017Y0 51 2643000201 25
0199000018 92 0444173951 103 2512065007Y0 51 2643000301 25
0199000019 92 0444176451 103 2512065007Y3 52 2643000501 25
0199000020 92 2506031017Y0 51 2512065007Y6 52 2643000701 26
0199001401 115 2506031027Y0 51 2512066007Y0 51 2643000801 27
0199010301 115 2506031217Y0 51 2512066017X0 51 2643001301 27
0199016051 115 250603121720 51 2512066017X1 52 2643001501 26
0199016551 115 2506031517Y0 51 2512066017Y0 51 2643001601 26
0199163951 115 2506033007Y0 51 2512067007Y0 51 2643002201 25
0199164051 115 2506033007Y1 52 2512067007Y3 52 2643002402 27
0199164151 101 2506033017Y0 51 2512068007Y0 51 2643003201 27
0199164251 101 250603301720 51 2518068007Y6 52 2643004101 24
0199166651 115 2506036007Y0 51 2512069007Y0 51 2643004201 24
0199167251 101 250603600720 51 2518061017Y0 51 2643004601 24
0199173551 101 2506036017Y0 51 2518061217Y6 52 2643004701 24
0199625006 101 2506038007Y0 51 2518061517Y0 51 2643004801 25
0199665806 101 2506039007Y0 51 2518063017Y0 51 2643005701 27
0199800506 101 2508051017Y0 51 2518066007Y0 51 2643006302 27
0199806406 101 2508051027Y0 51 2518066007Y3 52 2643012702 27
0431163951 116 2508051107Y0 51 2518066007Y6 52 2643013801 26
0431164051 116 2508051107Y1 52 2518067007Y0 51 2643020501 25
0431164181 103 2508051217Y0 51 2518068007Y0 51 2643021801 26
0431164281 103 250805121720 51 2518068007Y1 52 2643022401 26
0431164951 103 2508051527Y0 51 2518121217Y1 52 2643023002 27
0431167281 103 2508051817Y0 51 2518127007Y1 52 2643023201 26
0431173551 103 2508053007Y0 51 2631101902 96 2643023402 27
0431173951 103 2508053017Y0 51 2631102002 96 2643023801 26
0443163951 116 250805301720 51 2631163851 109 2643025601 26
0443164051 116 2508055007Y0 51 2631163951 109 2643101902 96
0443164151 103 2508056007Y0 51 2631164051 109 2643102002 96
0443164251 103 250805600720 51 2631250202 27 2643102402 96
0443166651 116 2508056017X0 51 2631480002 94 2643163851 109
0443167251 103 2508056017Y0 51 2631480102 94 2643163951 109
0443625006 103 2508059007Y0 51 2631540002 94 2643164051 109
0443665806 103 2512061017Y0 51 2631540202 94 2643164151 98
0443800506 103 2512061027Y0 51 2631625002 95 2643164251 98
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2643164551 109 2643540002 94 2644236301 121 2673000301 25
2643165151 118 2643540102 94 2644236401 121 2673000501 25
2643165451 98 2643540202 94 2644236501 121 2673000701 26
2643166251 118 2643540302 95 2644236601 121 2673000801 27
2643166451 109 2643540402 95 2644245601 121 2673001601 26
2643166551 109 2643540702 94 2644245701 121 2673002201 25
2643166651 109 2643625002 95 2644245801 121 2673002402 27
2643166751 98 2643625006 98 2644245901 121 2673003201 27
2643166851 109 2643625102 95 2644246001 121 2673004601 24
2643167051 109 2643625202 95 2644246101 121 2673004701 24
2643167251 98 2643625902 96 2644246201 121 2673004801 25
2643167551 109 2643626002 96 2644246301 121 2673004901 26
2643167751 109 2643626102 96 2644246701 121 2673010101 25
2643167851 118 2643626202 96 2644246801 121 2673012401 25
2643168051 109 2643626302 95 2644246901 121 2673015301 27
2643168251 109 2643626402 95 2644247001 121 2673018001 26
2643168351 109 2643626502 95 2644247101 121 2673021801 26
2643168651 109 2643665702 95 2644247201 121 2673022401 26
2643168751 109 2643665802 95 2644247301 121 2673025001 25
2643169351 109 2643665806 98 2644247401 121 2673025301 25
2643169551 109 2643665902 95 2644247501 121 2673028602 25
2643170251 109 2643706001 25 2644251801 121 2673030101 25
2643170951 109 2643800302 95 2644251901 121 2673200201 27
2643171051 109 2643800502 96 2644373841 121 2673901301 24
2643171151 109 2643800506 98 2644373941 121 2673903301 24
2643171351 109 2643800602 96 2644666611 79 2743001111* 29
2643172551 109 2643801002 96 2644777711 79 2743001112 29
2643172751 109 2643801102 95 2661000101 25 2743002111* 30
2643173351 109 2643801202 96 2661000301 26 2743002112 30
2643173851 109 2643801402 96 2661000701 26 2743003111* 30
2643175451 118 2643801502 95 2661021801 26 2743003112 30
2643200101 26 2643801802 96 2661022401 26 2743004111* 30
2643250202 27 2643801902 95 2661023801 26 2743004112 30
2643250302 27 2643802702 96 2661102002 96 2743005111* 29
2643250402 27 2643803802 96 2661102402 96 2743005112 29
2643251002 96 2643804502 96 2661540002 95 2743007111* 30
2643300101 27 2643806402 96 2661540202 94 2743007112 30
2643375002 27 2643806406 98 2661665702 95 2743008111* 30
2643375102 27 2644173551 98 2661666611 79 2743008112 30
2643480002 94 2644236001 121 2673000101 25 2743009111* 30
2643480102 94 2644236101 121 2673000201 25 2743009112 30

* Pt nunbbers are nat listed inthe tables bt are idetified intheitdic nates.
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2743012201 30 2761008111* 30 2843000202 85 2944770302 74
2743013211 30 2761008112 30 2843000302 85 2944776101 74
2743014221 30 2761009111* 30 2843001502 85 2944776102 74
2743015111* 29 2761009112 30 2843001702 85 2944777721 79
2743015112 29 2761015111* 29 2843001802 84 2944777741 79
2743019446* 42 2761015112 29 2843002302 84 2944778101 74
2743019447 42 2761019446* 42 2843002402 84 2944778102 74
2743021446* 42 2761019447 42 2843002702 84 2944778301 74
2743021447 42 2761021446* 42 2843006802 85 2944778302 74
2743037446* 42 2761021447 42 2843009902 85 2961666631 79
2743037447 42 2773001111* 29 2843010302 85 2961666634* 79
2744040446* 42 2773001112 29 2843010402 85 2961666651 79
2744040447 42 2773002111* 30 2861000102 85 2961666654* 79
2744041446* 42 2773002112 30 2861000202 85 2961666661 79
2744041447 42 2773003111* 29 2861000302 85 2961666671 79
2744044446* 42 2773003112 29 2861001502 85 2961666681 79
2744044447 42 2773004111* 30 2861001702 85 3061990821 132
2744045446* 42 2773004112 30 2861001802 85 3061990831 132
2744045447 42 2773005111* 29 2861002302 84 3061990841 132
2744051446* 42 2773005112 29 2861002402 84 3061990851 132
2744051447 42 2773007111* 30 2861002702 84 3061990861 132
2744055446* 42 2773007112 30 2861006802 85 3061990871 132
2744055447 42 2773008111* 30 2861010002 85 3061990881 132
2744056446* 42 2773008112 30 2873000102 85 3061990891 132
2744056447 42 2773009111* 30 2873000202 85 3061990901 132
2744555576* 42 2773009112 30 2873000302 85 3061990911 132
2744555577 42 2773015111* 29 2873001502 85 3078990821 132
2744555676* 42 2773015112 29 2873001702 85 3078990831 132
2744555677 42 2773019446* 42 2873001802 84 3078990841 132
2761001111* 29 2773019447 42 2873002302 84 3078990851 132
2761001112 29 2773021446* 42 2873002402 84 3078990861 132
2761002111* 30 2773021447 42 2873002702 84 3078990871 132
2761002112 30 2773037446* 42 2873006802 85 3078990881 132
2761003111* 30 2773037447 42 2944666631 79 3078990891 132
2761003112 30 2773044446* 42 2944666634* 79 3078990901 132
2761004111* 30 2773044447 42 2944666651 79 3078990911 132
2761004112 30 2773055446* 42 2944666654* 79 3642011601 127
2761005111* 29 2773055447 42 2944666661 79 3642012401 127
2761005112 29 2773056446* 42 2944666671 79 3642014000 126
2761007111* 30 2773056447 42 2944666681 79 3742011901 127
2761007112 30 2843000102 85 2944770301 74 3742014000 126

* Pt nunbbers are nat listed inthe tables bt are idetified intheitdic nates.
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3742014010 126 4277282509 130 5943001021* 140 5961000521* 139
4033032221 129 4277352509 130 5943001101 137 5961000601 138
4033122011 129 4277353509 130 5943001121* 137 5961000621* 138
4033128021 129 4277453509 130 5943001201 140 5961001001 140
4033129021 129 5577000721 144 5943001221* 140 5961001021* 140
4033266011 130 5577000821 144 5943001301 139 5961001101 137
4033276011 130 5577000921 144 5943001321* 139 5961001121* 137
4033287011 129 5577001021 144 5943001401 139 5961001201 140
4033292011 130 5578000721 144 5943001421* 139 5961001221* 140
4033296011 130 5578000821 144 5943001601 140 5961001701 140
4061032221 129 5578000921 144 5943001621* 140 5961001721* 140
4061122011 129 5578001021 144 5943001701 140 5961001801 139
4061128021 129 5677140821 142 5943001721* 140 5961001821* 139
4061129021 129 5677181121 142 5943001801 139 5961001901 138
4061172011 129 5677221321 142 5943001821* 139 5961001921* 138
4061266011 130 5677261621 142 5943001901 138 5961002701 140
4061272011 129 5677301921 142 5943001921* 138 5961002721* 140
4061276011 129 5677362221 142 5943002101 136 5961003801 141
4061287011 129 5678090521 142 5943002111* 136 5961003821* 141
4061292011 130 5678110721 142 5943002701 141 5961004901 138
4061296011 130 5678140821 142 5943002721* 141 5961004921* 138
4077032221 129 5678181121 142 5943003801 141 5975000101 137
4077172011 129 5678221321 142 5943003821* 141 5975000111* 137
4077266011 130 5678261621 142 5943004901 138 5975000201 137
4077272011 129 5678301921 142 5943004921* 138 5975000211* 137
4077276011 130 5678362221 142 5943005101 138 5975000221* 137
4077287011 129 5678422921 144 5943005121* 138 5975000301 137
4077292011 130 5943000101 137 5943006401 140 5975000321* 137
4077296011 130 5943000111* 137 5943006421* 140 5975000501 139
4077312911 130 5943000201 137 5943007601 139 5975000521* 139
4077374711 130 5943000211* 137 5943007621* 139 5975000601 139
4077375211 130 5943000221* 137 5943011101 141 5975000621* 139
4077375411 130 5943000301 137 5943011121* 141 5975000801 136
4077484611 130 5943000321* 137 5961000101 137 5975000811* 136
4077485111 130 5943000501 139 5961000111* 137 5975001101 138
4277142009 130 5943000521* 139 5961000201 137 5975001121* 138
4277182009 130 5943000601 138 5961000211* 137 5975001801 139
4277182209 130 5943000621* 138 5961000221* 137 5975001821* 139
4277242009 130 5943000801 136 5961000301 137 5975001901 138
4277242409 130 5943000811* 136 5961000321* 137 5975001921* 138
4277282009 130 5943001001 140 5961000501 139 5975002101 136

* Pt nunbbers are nat listed inthe tables bt are idetified intheitdic nates.
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5975002111* 136 5977001701 140 5978001301 139 5985002101 158
5975004901 138 5977001721* 140 5978001321* 139 5985002111* 158
5975004921* 138 5977001801 139 5978001401 140 5985004901 158
5975005101 138 5977001821* 139 5978001421* 140 5985004921* 158
5975005121* 138 5977001901 138 5978001601 140 5985010101 158
5975007601 139 5977001921* 138 5978001621* 140 5985010111* 158
5975007621* 139 5977002101 136 5978001701 140 5985010201 158
5976000101 137 5977002111* 136 5978001721* 140 5985010211* 158
5976000111* 137 5977002701 141 5978001801 139 5985013501 158
5976000201 137 5977002721* 141 5978001821* 139 5985013521* 158
5976000211* 137 5977003801 141 5978001901 138 5985015501 158
5976000221* 137 5977003821* 141 5978001921* 138 5985015511* 158
5976000801 136 5977004901 138 5978002101 136 5985016001 158
5976000811* 136 5977004921* 138 5978002111* 136 5985016111* 158
5976002101 136 5977005101 138 5978002701 141 5985016211* 158
5976002111* 136 5977005121* 138 5978002721* 141 6575070721 156
5977000101 137 5977006401 140 5978003801 141 6575101021 156
5977000111* 137 5977006421* 140 5978003821* 141 6575131321 156
5977000201 137 5977007601 139 5978004901 138 6575171721 156
5977000211* 137 5977007621* 139 5978004921* 138 6575202021 156
5977000221* 137 5977011101 141 5978005101 138 6577070721 156
5977000301 137 5977011121* 141 5978005121* 138 6577101021 156
5977000321* 137 5978000101 137 5978006401 140 6577131321 156
5977000501 139 5978000111* 137 5978006421* 140 6577171721 156
5977000521* 139 5978000201 137 5978007601 139 6577202021 156
5977000601 138 5978000211* 137 5978007621* 139 6578070721 156
5977000621* 138 5978000221* 137 5978011101 141 6578101021 156
5977000801 136 5978000301 137 5978011121* 141 6578131321 156
5977000811* 136 5978000321* 137 5985000101 158 6578171721 156
5977001001 140 5978000501 139 5985000111* 158 6578202021 156
5977001021* 140 5978000521* 139 5985000201 158 6677201621 154
5977001101 137 5978000601 138 5985000211* 158 6677202021 154
5977001121* 137 5978000621* 138 5985000221* 158 6677262021 154
5977001201 140 5978000801 136 5985000801 158 6677262521 154
5977001221* 140 5978000811* 136 5985000811* 158 6677322021 154
5977001301 139 5978001001 140 5985001101 158 6677323021 154
5977001321* 139 5978001021* 140 5985001121* 158 6677353521 154
5977001401 139 5978001101 138 5985001301 158 6677404021 154
5977001421* 139 5978001121* 138 5985001321* 158 6678201621 154
5977001601 140 5978001201 140 5985001801 158 6678202021 154
5977001621* 140 5978001221* 140 5985001821* 158 6678262021 154

* Pt nunbbers are nat listed inthe tables bt are idetified intheitdic nates.
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6678262521 154 9377024002 148 9478019002 146 9677242089 134
6678322021 154 9377036002 148 9478017002 146 9677242488* 134
6678323021 154 9378013001 148 9478020002 148 9677242489 134
6678353521 154 9378020002 148 9478034002 148 9677282006* 134
6678404021 154 9378024002 148 9478036002 148 9677282007* 134
7177141009 133 9378036002 148 9478375002 148 9677282008* 134
7177141009 133 9475012002 146 9478500002 148 9677282009 134
7177181009 133 9475014002 148 9478625002 148 9677282506* 134
7177181009 133 9475015002 148 9577340002 150 9677282507* 134
7177181109 133 9475016002 146 9577390002 150 9677282508* 134
7177181109 133 9475019002 146 9577440002 150 9677282509 134
7177241009 133 9475020002 146 9577490002 150 9677352506* 134
7177241009 133 9477012002 146 9578290002 150 9677352507* 134
7177241209 133 9477014002 148 9578340002 150 9677352508* 134
7177241209 133 9477015002 146 9578390002 150 9677352509 134
9077002002 152 9477016002 146 9578440002 150 9677353506* 134
9077024002 152 9477017002 148 9578490002 150 9677353507* 134
9077025002 152 9477019002 146 9643001015 134 9677353508* 134
9077026002 152 9477020002 146 9643001165 134 9677353509 134
9078014002 152 9477034002 148 9677001015 134 9677453506* 134
9277002002 152 9477036002 148 9677001165 134 9677453507* 134
9277008002 152 9477375002 148 9677142088* 134 9677453508* 134
9277010002 152 9477500002 148 9677142089 134 9677453509 134
9277012002 152 9477625002 148 9677182088* 134 9843000104 134
9277023002 152 9478012002 146 9677182089 134 9843000108* 134
9277024002 152 9478014002 148 9677182288* 134 9877000104 134
9375020002 148 9478015002 146 9677182289 134 9877000108* 134
9377020002 148 9478016002 146 9677242088* 134 9877000204 134

9877000208* 134

* Pt nunbbers are nat listed inthe tables bt are idetified intheitdic nates.
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