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Demystifying the hybrid coupler

1 Let’s define the Operational Bandwidth
Criteria for a directional array:

— Gain: constant +/- 0.5 dB
— F/B: min 20 dB over entire band
— SWR: max 1.8/1 at band edges

If 4-square array fed with a hybrid coupler we add:
— Power dump: min 10 dB at band edges
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1 WWays of assessing the Operational Bandwidth:

— through antenna

— or by
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1 EZNEC modeling software can now incorporate feed lines,

L, C, R, transformers etc.
Eaecpror2 v.50- 9 EEX This means we can include

File Edit Options Outputs Setups VYiew Utilities Help

CH11-4sg-volt-WASFET.EZ
365MHz

il LC network fed ANTENNA
SYSTEM in the

mathematical model

orks 0% Param Networks
Real/MININEC
i 1 Medium (0.005,13)
ero

...and run the model across
the band (using the EZNEC

)...

to assess its performance
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1 EZNEC modeling software can now incorporate feed lines,

L, C, R, transformers etc.
21-j202 This means we can include

Front

Shr-uag all the components of our

_. \ v Z=61.74}59,4

21-j202 LC network fed ANTENNA
15.24 + j15.24 Center SYSTEM in the

eyl mathematical model

B0 z=41-j19.3

N2 (1807)

...and run the model across
the band (using the EZNEC

)...

o= 1LC to assess its performance

Z=-0,4-j154

5
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1 EZNEC modeling software incorporates a
function

Frequency Sweep
—— "

requency sweep " Off & On

Frequency Selection Output

Start Frequency (MHz] |35 | Pattemn Plots
Stop Frequency (MHz) |34 [ MicraSmith Files

Frequency Step (MHz) | 01 v DataFile C:\Program Files\&NTE. . test

File Mame

|~ Read Frequencies From File Select Data File Contents

[v Field Strength Table

[v Source Data (Incl. SWR)

[v LoadData
Field [v Currents
Field To Calculate ¢ FarField ¢ NearField

Clear Entries Cancel
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1 The EZNEC modeling software creates a .txt file
with all data in selected frequency steps

| EZNEC Pro/2 ver. 5.0

2el-end-fire quad +feedlines 3/25/2010

FAR FIELD PATTERN DATA
Frequency = 3.5 MHz
reference = 0 dgi

azimuth Pattern  Elevation angle = 23 deg.
Deq v dB H dB Tot dB v Pha
.93 -589.99 .93 120.28
.93 -589,99 .93 120.27
.93 -99.99 .93 120.25
.92 -99.99 .92 120.22
.92 -99.99 .92 120.18
.91 -99.99 .91 120.13
.90 -589.99 .90 120.07
.89 -589,99 .89 115.99
.88 -99.99 .88 115.91
. 86 -99.99 .86 115.81
.85 -99.99 .85 115.70
.83 -589.99 .83 119.58
.81 -589,99 .81 115.45
.79 -99.99 .79 119.31
7 -99.99 s 1159.16
.74 -99.99 .74 118.99
.72 -99.99 .72 118. 82
.69 -589.99 .69 118.63
.66 -589,99 .66 118.44
.62 -99.99 .62 118.25
.59 -99.99 .99 118.01
.55 -99. 069 .55 117.78

OO BWNREO

NS AN NI SN N AN SN AN SN GNI Y SN N SN NGNS AN SN AN SN AN N
NS SN N SN N SN SN AN SN AN SN NI SN N OV SN AN SN GNTRY SN AN N
OO oo oo OO0
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1 The EZNEC modeling software creates a .txt file
with all data in selected frequency steps...

1 ...which can be used as input to LBDXView

(written by W8WWYV, available on the book’s CD)
3 LBDXView =19

File Edit View Tools Help
s [] 4sq-qua | Pattern | Graph | Data Grid

Frequencies {MHz)

v/ 3.790
3.800
3.810
3.820
SENARTOF 3.830
Main Lobe: R ) e 3.840
By 96.00°
F/B: 2562 dB P LI
Freg: 3.790 MHz S A AT N : v | EL: |22
Takeoff Angle: 22° VI, W R
Lobe Gain: 5.49 dB @ 315° : 300
Outer Ring Gain: 5.49 dB (+0.00 dB) 222 270 285

[ Reset to Max, Gain ]

389 % 208 (R = 73)
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Gain and
F/B Bandwidth

Frequency (MHz)
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4-square

Conclusion: Operational Bandwidth <<<

Graphs / Plots made with LBDXView by W8WWV




Demystifying the hybrid coupler

1 Let’'s look at the
square system

Front
}—0 Element
-180°

Elements
{1\ {\ —ane
7 —© 90

N4
Eﬂ 180° phase shift transformer

N4 Back

N 7\
4 v, t—© Ele(r)\:ent

+[ +-o Center
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Let’'s run a model in sweep mode

Remember, model must include ALL
components of the array (= the entire
system)

That means also
should be included in the model !
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Until now a hybrid was NEVER included in an
antenna model

1 W7EL simply included the wiring of the hybrid
(components and connections) in the center of
the array at ground level

1 Height of the construction: < 3 mm (~0.1 inch)
1 Hence: the wires radiate little or NOTHING
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1 In order to simplify the analysis, W1MK suggested
we reduce the 4-square to a 2-port black box and
the hybrid

1/4 wave I@-180°
Zo — |FRONT EL

1/4 wave

. 7o — 1@-90°
va o/ [CENTER ELs

Zo — |@-90°
1/4 wave

180°phase shift

1/4 wave |@0°
BACK EL

| =-j VIZo
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1 W1MK noticed for the -90°/-180° 4-square that if
the 4-sq is electrically and physically well balanced

1 ...there is NO effect on the impedance at one of
these two ports, caused by changes at the other
port. The 2 ports are independent and not

coupled 1/4 wave I@-180°
0

CENTER ELs

180°phase shift

1/4 wave 1@0°

BACK EL
I = ViZo
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What are the VALUES of impedances

1/4 wave I@-180°

1@-90°
CENTER ELs
V@-90° 1/4 wave -

o TN 180°phase shift

1/4 wave |@0°

BACK EL

| = -j VIZo

These can be
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1 THROUGH

« Can easily be modeled, all black box components

can be incorporated in an EZNEC model

Wic# _[%FonEl [%FonEl [Wie# [%FomEl [%FomEl [

V@+90° BACK EL

— ——— I= - ViZo

Transformers

m Port 1 Specified | Port 1 Act Port 2 Specified [ Port 2 Act Port 1 Frequency = 3.65 MHz
| |wie#t [%FromE1 | % FromE1 [ Wire # [ % From E1 | % From E1 [ FelZ Source 1 Voltage = 0.852 U at -82.7 deg.
T E | [ v SR

Imgedance = 53.69 + J 22.51 ohms

CENTER ELs

v

§
SWR (50 ohm system) = 1.548 (75 ohm system)

L}
53 7 -+ 22 5 Source 2 Uoltage = 1 U at 6.9 deg.
< ' Current =—6-67% : §

) a - Vit
. 608.68 - J 36.85 ohms
Power =—§-8 8 watts
- — J - SWR (50 ohm system) 1.954 (75 ohm system)

Total applied power = 0.82368 watts
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1 THROUGH

Case 1: perfectly symmetrical array (physical
and electrical symmetry)

— Remember there is no effect at either port 2 or
port 3 caused by changes at the other port
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1 THROUGH

Case 1: perfectly symmetrical array (physical
1/4 wave I@-180°

180°phase shift

1/4 wave 1@0°

— Which means we can simply measure Z2
and Z3 at ports 2 and 3 of the black box
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1 THROUGH

Case 2::non symmetrical array §

USE SPREADSHEET PROGRAM
(“2 port coupling”) on the book’s CD
Measure Z2 with Z3 open — Z22
Measure Z3 with Z2 open — Z33
Measure Z2 with Z3 shorted — Z22,3
(Z2,3 = coupled impedance)

The program calculates Z23 (mutual
Impedance

Measuring of Z2 and Z3 in parallel is
required to determine the sign of
Z23 (re: square root)

Program calculates Z2 and Z3
— ...and also “diagonal isolation” in dB

222 - Z23

Z2

port 3
z3 Z33-223

ol

BLACK BOX
2-PORT COUPLING (W1MK

>
=
-
(=
u
w

Enterk—>| 1 |musthe<
| 90 |

Enter Angle 8 —>
Enter 722 - 44.26
Enter 733 - 94.99
Enter 72,3 - 42.04
nterZinparr 22+23. | 43 | 2

- CHOICE OF SIGN MUTUAL IMPEDANCE

m

EEEE

‘

723 = 18.83
IF Zin parr=| 63.58 38.01

723 =| -18.83
IF Zin parr=| 44.68 24.75
Enter 723 - -18.83 -14.52

7.47
06.04

%DH

BN
%
=)
S
<
?

EH

&

Ii

|

DIAGONAL ISOLATION
Diagonal Isolation =

-21.0 dB
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Now we know Z2 and Z3 (through modeling

or via measuring)

— Will the hybrid coupler deliver voltages at
ports 2 and 3 that are 90° out of phase (with
same magnitude) for any value of Z2 and

Z37?
— Obviously not!
— So what does it deliver?

— ...and what can we do so it does deliver
what we want?
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1 Let's analyze the "mysterious” lumped coupled
90° hybrid
1 Required split (
) occurs only if Z2 and
Z3 have specific relationship

— Which relationship?

'
Port 1

1 To be able to answer those questions W1MK
developed a mathematical model for the hybrid
coupler (a first!)




Demystifying the hybrid coupler

MATHEMATICS 90° LUMPED ELEMENT HYBRID COUPLER

By Robye L. Lahium, WIMK

Port 1 Terms
Viv= 13+ + 1

Var= 1" (14 ppy
Nt — forward voltage (incident voliage)
1™ — reflected voltage

Adjacent Ports Transfer Functions

A= [ Bl
&
HYBRID
B= [ 2 —PoT1! COUPLER
S P

(Zo) (fo)

Po P2 Pz and pgare reflection
cogfficients and in general complex, as

are the variables ¥ and Z
T = center frequency of hybrid coupler
Ja = operating frequency

v, _ S -
o000 [ (1+0) X L 707=42)

£=UJMJZ.(1+,¢).M9_2 0707=4%)

=N
3

R AN N

where:

X=1+[};]- ("-;”‘) 0, -[eos(82-81)+; sin(82-1]]

¥=1+[Jf7;]4(”’;p‘)»m-[cos(ez-al)-;'sm(ez-el)]

Z=1+ga,
8, =-A-ATAN[§—:‘J and &, =A~ATAN[JfT:‘]

Conversion fiom v, o Power Out Portd
V¥ |7 Power In Portl
4, = reflection coefficient at input

Yy =WV =V (1+a,)

v .
= pr = Ao
=) [t+0) +(o) ]

Power In (Portl) = V—‘
Rg,

ga, 2 002) o) ]

l-a*-a)
Power Portd V¥ ZO‘[(“’»‘I): +("’J)Z]

Fowerlt ¥, Ro,(l-g'-g)
Power Portd _ V; Z

Power In (V) Re-(l-0'-407)

When p, = 0 (reans: load port terraination ecpuals Zo)
then:
Z=1, ¥=1 and Z=1

i
v

g

S| =
I
|

s,

RIS
\!

(53]

© This document is copyright Robye L Lahlum, WI1MEK. Please contact
WIMK if you want to use it in a publication and give credit to the author.
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Based on these mathematics
was developed

%)

Dump PWR =[°“](_/)1+/)3 )2

Refl. PWR =[-](p.—p,)

HYBRID COUPLER DESIGN (by W1MK
INPUTS

[ ENTER Zo Design impedance hybrid 5| _50 o |
|~ |Real Part|Imag Pam~ |
 ENTER impedance load PORR2 @A = 50 | 0 [0 ]
|__ENTER Impedance load PORN3 #3) [ 50 | 0 [2 A
RESULTS 00000 O |
202000200 fofa=[ 1000 | 00
| HybridLvalue(uH)=| 218 [uH |
| HybridCvalue (pEL=| 436 [pF
(tm»lmm
| Phase angle Voltage port2 vs. port3=| 90.00 |° =
 PowerinPortd vs. PwrinPort )= = |48 @——
Real part input impedance (port1)=| 5000 [@ [ |

Imaginary part input impedance (portt)=| 000 [@ [ |

Return loss (port1)=| = [dB | |

I
. SWR-| 1.00 | <@

the modeling tool does all of the

above calculations based

on the load impedances Z2 and Z3

K = voltage ratio (v2/v3)
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2 For further calculations...

1 ...we will take the Z2 and Z3 results from our
EZNEC model

Frequency = 3.65 MHz

Source 1 Uoltage = 6.852 U at -82.7 deg.
Current = 0.01463-0—5 =5 deq.
Impedance & 53.69 + J 22.51 ohms
Power = 8.0 3
SWR (508 ohm system) = 1.548 (75 ohm system) =

Source 2 Uoltage = 1 U at 0.0 deg.
Current = 0.8 T i deg
Impedance 608.68 - J 36.85 ohms
Power = 0.012718 Ws
SUR (58 ohm system) = 1.954 (75 ohm system) =

Total applied power = 0.02368 watts

use them in our calculations
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1 RESULTS:
— © =-67° (target: -90°)
— K=0.9 (target =1)

1 But ...

...there are ways to make
k=1 and 6 = 90°

HYBRID COUPLER DESIGN (by W1MK

ENTER fa (operating frequency) —

ENTER fo (hybrid frequency) —| 365 [MHz = |

ENTER Zo Design impedance hybrid—| 50 [@ = |

| ENTER Impedance load PORT2 (72) ¢~ 53.7 | 225 Tm, |
|__ENTER Impedance load PORT 3 73) N\, 60.7 | 36.1 [9/ |
RESULTS 000000
2 foffa=[ 1000 | |
| HybridLvaluewH)=| 218 [WH
| HybridCvalue (pF)=|__A36._pF |
Ratio Voltage magnitude Pori2/Port3 (= 0905 | ~ |
| Phase angle Voltage port2 vs. port3=| 6683 ° /1 |
-m-ﬂ-.
Real art m put |m edance port 1) =| 7978 |@ [ |

| 884 [0 | |
-EIEE_-
_EE_-

INPUTS

REMEMBER WHAT’S INPORTANT: THE DRIVE CURRENT AT
THE BASE OF THE RADIATING ELEMENTS ...

...OR THE DRIVE VOLTAGE AT THE END OF THE CURRENT
FORCING LINES GOING TO THE RADIATING ELEMENTS !
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I@-180°

Zo — [FRONT EL

1/4 wave

|@-90°
V@- 0° / Zo e

-180°

ICENTER ELs
\ Zo — 1@-90°

V@-90° 1/4 wave

TN 180°phase shift

1/4 wave 1@0°

V@+90°

Zo — [BACK EL

|=-jViZo

REMEMBER WHAT’S INPORTANT: THE DRIVE CURRENT AT
THE BASE OF THE RADIATING ELEMENTS ...

...OR THE DRIVE VOLTAGE AT THE END OF THE CURRENT
FORCING LINES GOING TO THE RADIATING ELEMENTS !




Demystifying the hybrid coupler

Voltage magnitude ratio (k=
v2/v3) can be changed by
changing hybrid design
frequency (Zo).

This unique property was first used

by WBWWYV in his “Double

network optimization” approach,

and has been the basis for the

introduction of the other IR
optimization systems for hybrid T sesmiz | tom

(1) magnitude - 90° port (3) phase - 90°port
coupler feed systems. Than(l; yOL'J @ magnitude 0°port (39 phase 0oport
reg!
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kK = ratio of voltage magnitude at port 2 vs. voltage
magnitude at port 3

With unequal
resistive loads
(Z,,Z3) we can
obtain k=1 by
shifting the design
frequency of the
hybrid

Fo-hybrid 3.0 31 3.2 3.3 34 35 3636537 3.8 3.9 4.0 4.1 4.2 4.3 MHz

Presented at Dayton 2008, by WSWWV
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What are the properties of the signals (at
ports 2 and 3) that we want the hybrid to
deliver?

—90° phase shift

—Iidentical voltage magnitude (k=1)
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Basic formula:

calculated with Hybrid
1 A few “special” cases design spreadsheet

[CASE| R2 | X2 | R3 | X3 | Zo [Port4 [Port1] k | 8 | fa | fo |

| 1 (50| 0 (50050 ) o | @ [ 1 |-60|365]365]boths0Q

| 2 |68 |0 |68 |0 |50 [-163] » [ 1 [ .00 [365]365 [identical real impedances

| 3 [54] 0 |39]0[80][-272]-218]11851 .90 [365 | 365 [different real impedances

| 4 |54 |0 |39 |0 ][50 -27.2]-218] T [ -90 [3.65 |3.08 [as above but with fo/fa compensation

| 5 [ 331033 [10]80[-125] « | 1 [ -90 | 365|365 |identical complex impedances (matched mismatches
| 6 [537]225[60.7-36[ 50 [ -17.1[-12.5[0.905] -66.8 [ 3.65 | 3.65 [random impedances

Note that there are a number
of cases where 6 = -90° CoUPLER

(Zo) (fo)

Port 1: — SWR (reflected PWR)
Port 4:— dump power
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1 Let's look again at the 3 steps:

CASE| R2 | X2 | R3 [ X3 | Zo |Port4[Port1] k | 8 | fa | fo [remarks
12 537 225 B07 -36 S50 -171 -125 0905 668 365 365 ]
13 631 0 821 0 50 -149 -227 0893 -90 365 3.65 |add-150 Q across 72 and +138 Q across 73 |
14 631 0 821 0 50 -149 -27 1 90 365 4.06 |change fo to 4.06 MHz (k compensation) |

This Is the

This is a method which, when applied, ensures
the hybrid does exactly what we want

Remember the trick:

— turn load impedances into REAL
Impedances by using parallel coil/cap

— correct the voltage magnitude by changing

38
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Every complex impedance can be transformed to a real
impedance by a shunt reactance

53.7+j22.5 in parallel with
—j168.4 gives a real Z2’ =
66.14 Q

60.7-)36.1 In parallel with
+138.2 gives Z3 = 82.17 Q

Parallel reactances do NOT |

. impedance load
change the voltage magnitude! port 3 = 23
(same for element drive current)

1/4 wave

impedance load

We developed modeling
software that calculates these required parallel impedances
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A special Modeling Tool

calculates the following data:
_ (across Z2) = -150.7 Q
(across Z3) = 138.2 Q

to obtain resistive impedances
/2 and Z3" and Ag = 90° :

/2" =63.13 Q
/3 = 82.05 Q

to obtain the desired
k-value (in this case k =1)

Also shown:

Dump power
Zin and SWR

-
[
1
H
N
8|
10
||
1]
||
18

(design freq) array |  3.650 [MHz |
Enter kvalue—| 1|

| Real part [Imag part] |

{-90 ° branch) EnterZ2 | 5370 | 2250 Q |

Branch 2 shunt element »

| 63.13 0 €=

{0° branch) Enter Z3

Branch 3 shunt element — 138.35 Q
— 6.03 uH
Z3' (atport3) | 82.05 0 €=

HYBRID INPUT DATA

L__________EnterZoHybiid | 500 o | |

OUTPUT DATA

| Frequency com. factor =L 444361

New Hybrid €0 = RN
L-Hybrid=—496—TaH |
CHybrd=| 392 __ [pF |

149 [I5

| RealpartZin(port1)=| 4929

—

| Portlretumnloss(dB)=| 27.1 [dB |

| Port1SWR=| 109 [ €=

Enter fa

—

72" (at port2)

35




A ) )
D C 0ra coup
= C JI'1C 0l0]> redd o C
HYBRID COUPLER OPTIMIZATION HYBRID COUPLER DESIGN (by W1MK)
PHASE COMPENSATED DESIGN SYSTEM -w1mk - INPUTS
Enter data in yellow background cells by WIMK - OH4UN ENTER fa (operating frequency) — 3.65 MH2
1 Enter fa (design freq) array 3.650 |MHz ENTER fo (hybrid frequency) —p 4.064 [MHz
2 Enter k-value — 1 ENTER Zo Design impedance hybrjd— 50 Q
, Real part |Imag part Real Part[Imag Part
I RCHIREvATh) Enisiiee 33.70 2250 @ ENTER Impedance load P -
4 Branch 2 shunt element | -150.66 &
5 7802 oF ENTER In RT 3 (Z3 =¥ 82.02 0
6 72 (atport2)  63.13 £ p— 1S
atpari[imag part foffa=| 1.113
7 | 0° branch) Enter Z3 60.70 3600 @ Hybrid L value (uH)=| 196 |pH
8 Branch 3 shunt element | 13835 @ / Hybrid C value (PFV,392 p
190 73 (at port 3) - 52,05 ;;H Ratio M6ltage magnitude Port2/Port3 (k) =| 1.000 \
BRID INPUT DA Z /P'hase angle Voltage port 2 vs. por‘k‘) =| 90.00 |° /
1 Enter Zo Hybrid 50.0 Q Power in Port 4 (vs. Pwr in Port 1)\\-14.9
OUTPUT D/ Real part input impedance (port1)=| 49.34 |Q
12 Frequency corr. factor = Imaginary part input impedance (portl)=| 435 [Q
13 New Hybrid fo 4.064  Jl:¥: Return loss (port 1) =| -27.1 |dB
14 L-Hybrid = 2 uH SWR = 1.09
15 C-Hybrd = 392 F =
16 Dump port (port 4) power ratio =m{E
17 Real part Zin (port 1) = 49.29 Q
18 Imag. part Zin (portl) = 4.37 Q
19 Port 1 return loss (dB) = 27.1 dB
20 Port 1 SWR = 1.09
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HYBRID COUPLER DESIGN (by W1IMK

ENTER fa (operating frequency) —
ENTER fo (hybrid frequency) —»| 3.65 [MHz |
ENTER Zo Design impedance hybrid —
| |RealPart|/imag Part] |
RESULTS
0000000 foffa=] 1000 | 000
Ratio Voltage magnitude Por2/Port3 (k)=| 0805 | )
Phase angle Voltage port 2 vs. po W
| Powerin Portd (vs. Pwrin Port Ths| -17.1 I
| Imaginary part input impedance (portl)=| 8.84 |9 |
| Retumloss(portf)=| 124 [dB |
| SWR=| 163 | [ |

INPUTS

HYBRID COUPLER DESIGN (by W1MK

ENTER fa (operating frequency) —
ENTER fo (hybrid frequency) —
ENTER Zo Design impedance hybrid —
| |RealPart|/imagPart] |
ENTER Impedance load PORT2 (Z2) —| 6313 [ 0 |Q |
—ENTER impedance Toad PORT3 23) | 8202 |0 o |
N /7 T I T
| HybridLvalue uH) =L 436~ JpH |
| HybridCvalue (pRS| 392 [pF |
ﬂ.ﬂﬂl
Phase angle Voltage port2 vs. port =900/ |
| PowerinPortd vs. Pwrin Port)\s| -14.9 4B |
.m‘_-

part in ut impedance (port1 |

| 435 @ |
| Retunloss(portl)=| 271 [dB | |
| SWR-[ 109 [ [

INPUTS

shunt elements

shunt elements
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1 And now the moment of truth..

—To do

— ... we will run the EZNEC model in Sweep
mode (across the band)

— ... We require a model that includes the hybrid
— and all other antenna system elements




INPUT
PORT 1

L
PORT

-90°
PORT 2

"-'Hl-l\

YY1
TR
— -90°
PORT 2
DUMP
PORT
4 4
INPUT
PORT
N— Y Y Y Y g
/,_‘\
AN /
Qo
PORT

DUMP
PORT

A A
JI'1C UL
=yA D D A
Specified Pos. Actual Pos. R C
Wire # | %Z FromE1 | %2 From E1 | Seg | [ohms) [uH] (pF)
i 50 50 2 0.01 Short Short
2 50 50 2 [100000 289.4)
3 |50 —#f 2 | 100000 E ) “oper
4 50 50 2 _|s0——  “TShot Short
5 50 50 _—"2 |Short 1.958 Short
E 50 2 Short Short 391.6
50 50 2 Short 10000 Short
8 50 50 2 Short Short 3916
S DUC U
JC s Il
A A Y
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Operational Bandwidth for W1MK’s 2-shunt method

COMPARE WITH
SLIDE 10

Graphs / Plots made with LBDXView by W8WWV
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There are two other methods

1 The W1MK single shunt method

1 The WBWWYV double network system
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Operational Bandwidth for W1MK’s

Frequency (MHz)

COMPARE WITH
SLIDE 10

Graphs / Plots made with LBDXView by W8WWV
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Frequency (MHz)

Graphs / Plots made with LBDXView by W8WWV
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L2 = QUARTER-WAVE ' ‘ ' |

Current probes

ch1 6
EL3 EL2

HYBRID
COUPLER

VNA2180

©

A

VNA + MUX + PROBES
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RVM (Relative Vector Meter) setup

06-14-2010 14:27:17

FREQ = 3.650 MHz SWR = 1.3127 DPwr =-14.128 dB
Raw Data Norm vs.EL1

Element Kmag phase Kmag phase
1.42625  44.30 1 0
1.1220 -135.66
1.1543 -133.43
1.3549 -229.20

Vector Full Scale Settling[ms)

1 v| Refresh 100

DUMP POWER
50 MHz 10 MHz 100KHz 10KHz 1KHz

READ ALL stopfrecycle Stop/Exit

Real Time
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Conclusion

1 No more mysterious properties for a hybrid

1 For the first time a complete and simple hybrid model

1 A hybrid can be modeled in EZNEC

1 Operational BW: L-netw. 4-sq: 75 kHz, hybrid: 300 kHz
1 The new 2-port black box Z2 — Z3 approach

1 \Ways to measure / calculate Z2 and Z3

1 Three optimization methods turning the hybrid coupler fed array
into a very high performance wideband (300 kHz on 80m)
antenna system

1 Modeling software for each method
1 Very handy LBDXView program from W8WWV
1 VNA + MUX for final verification
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DXing

Fifth Edition

Antennas, Equipment and Techniques
for DXcitement on 160, 80 and 40 Meters

. John Devoldere, ON4UN
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