Voltage balun

With a simple modification a current balun can be
converted to voltage balun, which has better symmetry
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Introduction

This is a test report. My aim was to analyze behavior of a Voltage Balun,
made like current balun with ferrite beads but having one additional wire
in order to force voltage symmetry.

Amidon beads FB-43-1020 were used. One test series was made with 3
beads and another with 5 beads

Focus was on voltage symmetry, impedance matching, frequency range
and power rating.

The analyze was made both by modeling and measuring.



Balun 50/500hm

R1
50 5u . .0ut2
* X1 20
R2
V1
| inj‘j: .OUH
" L1 0.1u
L1 stray inductance
of the non coax wire
" —& Qut 1 Ferrite bead as a transformer core
In &— Out 2 *Coax cable makes 2 windings

*Additional wire makes the third winding
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Modeled voltage and current @ 7MHz
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Blue = input voltage to balun
Red = output voltage 1
Green = output voltage 2

Red = current in load resistor R2
Black= current in L1 and balancing winding



Modeled voltage and current @ 30MHz
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Blue = input voltage to balun
Red = output voltage 1
Green = output voltage 2

Red = current in load resistor R2

Black= current in L1 and balancing winding
*Note that this current is lower than
on 7MHz



Modeled frequency response
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total impedance at Input

Blue = real part of the impedance
Imaginary part of the impedance
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Symmetry measurement, 3 bead version
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Impedance measurement, 5 bead version

OH1TV

Symmetry winding is the red and
blue conductor

AIM4170 was used for impedance
measurements



Voltage balun with
3pcs Amidon FB-43-1020



3xFB-43-1020, 50o0hm: R,X,SWR measurement
" Artenra e - ANAIT0 g v e =

Files Functions Calibrate Setup  Markers Bands  LUtilities TDR  Help

Min SWR= 104 @ 19100 MHz File: VB-3xFB-43.1020-31M_s5Cn AVG= 4

SWR Rs,Xs Phase
225 5 100 [ 100
200 — T Freq=14.191
TS — +
150 — 1 Freq Step = 0100
125 — 1 Zref = 50.000
100 — Si—=—50 OWR = 1.042

) . Zmag = 50.303
075 T Phase = 2.345
050 - 1 |

Rho Mag=0.0207

025 — 1 s11=0.0030 + j0.0205
000 —\___ 1 % refl power = 0.0
: : } : : } : : } : : } : : 0
1.0 7.0 130 19.0 25.0 310l  Equivalent Circuit
_ Rs= 50.261
FREQ (2.0 MHz/div) | Rez 20
1 a=o00
| Ls= 230784 nn
Rp= 50.345
50 50 yi, — 1220 621

T Lp= 13.7900 uH
FILES: (prog 865A)
Basic cal 50.acal
_aim_800x550word.cfg

-100——100

kesa 15, 15 19:28:51 Voltage balun, 3xFB-43-1020, coax + 1 wire
Scan Rescan Recycle | Point Data Limits Scales Smith Comment Halt Quit
16 =615 F——  ———————— ———---"— 3




3xFB-43-1020, 50o0hm: R,X,SWR measurement

; | S S|
E Antenna Analyzer P e
Files Functions Calibrate Setup  Markers Bands  LUtilities TDR  Help
Min SWR= 105@ 9.800 MHz File: VB-3xFB-43.1020-10M.scn AVG= 4
SWR Hs Xs Phase
1225 100 | 100
1.200 T  Freq=7.032
1175 — +
i 150 — 1 Freq Step = 0100
1.125 — 4 Zref= 50.000
1.100 4 — 5o 50 SWR = 1.053
fmag= 49976
1.075 — T  Phase= 20954
1.050 — 5 Rho Mag=0.0258
1.025 — + 511=-0.0002 + j0 0258
4 000 _--...________ 1 % refl power = 0.1
+ + } + + } + + } + + i + + } + + 0
1.00 2.50 4.00 5.50 7.00 8.50 1000} EﬂUWﬂEﬂ;E;CU”Z
5 = ]
FREQ (050 MHz/div) 1 Xs= 92575
1 Q=01
| Ls= 582865 nH
Rp= 50.042
90 =50 y, — 960838
T Lp= 219506 uH
4 FILES: (prog 865A)
1 Basic cal 50.acal
_aim_800x550word.cfg
-100——100
kesa 15, 15 19:22:15 Voltage balun, 3xFB-43-1020, coax + 1 wire
Scan Rescan Recycle | Point Data Limits Scales Smith Comment Halt Quit
16 s==615 F——  ———————— ———---"— 3




3xFB-43-1020 @ 1.8MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 7.1MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 7.1MHz, 1500hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 30MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 30MHz, 100o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 30MHz, 150o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 50MHz, 150o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 50MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 50MHz, 150o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




3xFB-43-1020 @ 60MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




Voltage balun with 5 pcs Amidon FB-43-
1020



5xFB-43-1020, 50o0hm: R,X,SWR measurement

; | S S|
E Antenna Analyzer P — -
Files Functions Calibrate Setup  Markers Bands  LUtilities TDR  Help
Min SWR= 102 @ 17.500 MHz Fmag AVG= 4
SWR Rs.Xs Phase
1225 100 | 100
1.200 T  Freq=31585
1.175 +
i 150 — 1 Freq Step = 0.500
1.125 — 4 Zref= 50.000
1.100 —- Si——i 50 OWR = 1.025
Ffmag= 51.190
1.075 — T  Phase= 0.476
1.050 — T  Rho Mag=0.0125 J
1.025 — + s11=0.0118 + j0.0D42
4 000 — 1 % refl power = 0.0
\“=u=- ; . ; . ; . ; . 0
1.0 11.0 21.0 310 410 51.0} EﬂUWﬂ:jﬁ";gmU'ti
5 = ;
FREQ (5.0 MHz/div) 1 Xs = 0.426
1 Q= 0.0
| Ls= 21442 nH
Rp= 51.192
90 50 v, _ §158.027
T Lp= 31.0298 uH
4 FILES: (prog 865A)
1 Basic cal 50.acal
_aim_800x550word.cfg
-100——100
kesa 15, 15 172712 Voltage balun, S5pcs FB-43-1020, coax + 1 wire
Scan Rescan Recycle | Point Data Limits Scales Smith Comment Halt Quit
16 s==615 F——  ———————— ———---"— 3




5xFB-43-1020 @ 1.8MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




5xFB-43-1020 @ 7.1MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




5xFB-43-1020 @ 30MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




5xFB-43-1020 @ 30MHz, 150o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




5xFB-43-1020 @ 50MHz, 50o0hm load

Symmetry measurement

Red= Out2 to ground voltage (center), Yellow= Outl to ground voltage (outer conductor)




Power consideration

. Based on Amidon data | have
calculated max acceptable voltage
across one FB-43-1020 ferrite bead on
different frequencies, see curve on the
right

* Let’s assume that input voltage to
balun is 300V. This corresponds to
1800W to 50 ohm load.

*  Half of this voltage, 150V is over the
ferrite beads.

*  The 3 bead version would have 50V
over each of them.

- Operation from 14 to 30 MHz would be ok.
- Below 14MHz power should be lowered.

. The 5 bead version would have 30V
over each of them

- Operation from 7MHz and above would be fine

- 160m and 80m would need more beads or
lower power.
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Power capability of balun with FB-43-1020
Load = 50 ohms

10000 -
9000 -
8000 -
7000 -

6000 -

Power / W

5000 -
—@— 3 beads

4000 - —0—5 beads
3000 -
2000 -

1000 -

MHz
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Conclusions ..

* \Voltage symmetry was very good in both baluns. On low HF symmetry was
still good when SWR was already getting bad.

— 3 bead version was good up to 50MHz. On 60MHz some imbalance was
noticed. Amplitude via center conductor was stronger. Some phase delay was
also visible on outer conductor.

— 5 bead version was good up to 30MHz. On 50MHz imbalance in amplitude was
clearly visible. There was also small phase delay on outer conductor.

— Voltage symmetry is not sensitive to load impedance variations, if SWR<3
* Impedance matching was better all the way with 5 beads but acceptable
also with 3 beads. Lower frequency limit is dictated by impedance across
the load.

— If we keep 1.05 as the max acceptable SWR, 7MHz is the lower limit for 3 bead
balun and 3.5MHz for the 5 bead balun



..Conclusions

* Power capability depends on frequency. Higher power tolerance is on
higher frequencies.

— The following max powers were calculated for 50 ohm load, based on Amidon data
It is assumed that SWR is too high on the low bands where the box is empty
As load impedance is newer exactly 50 ohm, it is better to be conservative in power dimensioning

____[160m_|80m _40m _|20m _|15m _|lom _

3 bead 775W  1684W 2784W 3437W
5 bead 1343W 2154W 4678W 7733W 9547W

* Currentin the balancing wire is much lower than in the coax.

— This current is even lower on higher frequencies as forcing over higher impedance is
easier

* |f the beads are used as a current balun only, required number of beads is
still the same. To achieve the same symmetry, current balun probably
needs more beads.
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