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Abstract

In this report, we present a new active balun that has been developed for the Long Wavelength Array project.
The NRL/NRAO balun — so-called because it was developed in a collaborative effort between the Naval Research
Laboratory and the National Radio Astronomy Observatory — provides roughly 32 dB of gain with a noise
temperature of 120 K across the LWA frequency band of 20-80 MHz. This is 8 dB more gain and roughly half the
noise temperature of the Hicks balun, the current baseline balun design for the LWA. This balun could prove to be
an attractive replacement for the Hicks balun in the effort to achieve the Galactic noise dominance requirements
of the LWA. The following sections provide more detail on the layout and test results of a single-polarization
prototype of this balun.

I. INTRODUCTION

The Long Wavelength Array, currently in the design stages, is a radio telescope facility that will be
built to explore the Universe in the 20 — 80 MHz frequency range. It is a requirement that the instrument
performs with a minimum of 6 dB Galactic noise dominance in that frequency range. Achieving this
specification will require the use of high gain/low noise active baluns connected to the antenna feed
points. Currently the baseline design for this component is the Hicks balun , which has an average gain
of 24 dB and an average noise temperature of 250 K in the LWA frequency band [1], [2]. The Naval
Research Laboratory and the National Radio Astronomy Observatory have collaborated to produce the
NRL/NRAO balun. The NRL/NRAO balun performs with 8 dB more gain, and roughly half the noise
temperature compared to the Hicks balun. It could therefore be an attractive alternative to the Hicks balun
in achieving the 6 dB Galactic noise dominance requirement for the LWA.

II. DESIGN AND LAYOUT

The NRL/NRAO makes use of a previously developed low noise 8 dB amplifier cascaded with a
Minicircuits Gali 74 MMIC 24 dB amplifier [3]. A circuit schematic of the balun is shown in Figure
1. Figure 2 shows the PCB layout, and a photograph of a fully assembled single polarization prototype
is shown in Figure 3. The NRL/NRAO balun prototype uses the HX62A hybrid power combiner, which
features 502 input and output ports. We have worked with Tele-tech Corporation to make available a
version of the hybrid power combiner with a 75{2 output port (HX62-27A) that can be used with 752
coaxial cable [4], and is the same price as the HX62A hybrid. The HX62-27A hybrid has a slightly larger
footprint, but the same pin-out structure the HX62A hybrid, and can therefore easily be accommodated in
the balun layout. Specification sheets for the TX60-27 transformer (used in the 8 dB gain stages) and the
HX62A hybrid can be found in the Appendix of this report. The specification sheet for the HX62-27A
is not yet available from 7ele-tech. The Appendix also contains parts costs for the NRL/NRAO balun, as
well as the Hicks balun.



TABLE 1
SUMMARY OF NRL/NRAO BALUN CHARACTERISTICS IN LWA BAND (20 - 80 MHz)

Hicks Balun | NRL/NRAO balun
Current Draw 160 mA 200 mA
Voltage Range 145V-20V 145V-20V
Noise Temperature ~ 250 K ~ 120 K
Gain ~ 24 dB ~ 32 dB
Input Match for 100 © load (|S11]) < -10 dB < -10 dB
Output Match for 50 €2 load (].522]) < -12dB <-12dB
1 dB Compression Point (Input Power) ~ -5 dBm ~ -14 dBm
Input IP2 28 dBm 23.5 dBm
Input IP3 1.5 -6 dBm

III. CHARACTERIZATION

The NRL/NRAO balun was characterized at the NRAO Dynamic Spectroscopy Laboratory in Char-
lottesville, VA. S-parameter, noise temperature, 1 dB compression point, and intermodulation distortion
measurements were performed on this balun. Figure 4 shows the balun noise temperature, which has an
average value of 120 K across the LWA frequency band. Figure 5 shows the magnitudes and phases of
the measured reflection and transmission coefficients. The gain of this balun (|S21|) is ~ 32 dB, and the
input return loss for a 50¢2 load is < —10 dB over most of the 20 — 80 MHz LWA frequency band. Figure
6 shows the 1 dB compression point measurement. The balun reaches its 1 dB compression point at an
input power of ~ —14 dBm. Figure 7 shows the intermodulation distortion measurements. The second
order intercept occurs at an input power level of ~ 23.5 dBm and the third order intercept occurs at an
input power level of ~ —6 dBm. The measurement results of the NRL/NRAO balun are summarized in
Table I. The characteristics of the Hicks balun are also included for comparison.

IV. FUTURE WORK AND COMMENTS

We have reported on a new balun prototype that has been developed for the Long Wavelength array.
Laboratory measurements on a single polarization prototype show that this balun delivers ~ 32 dB of gain
with ~ 120 K noise temperature over the LWA band of 20-80 MHz. This is an improvement of roughly
8 dB in gain and a factor of two in noise temperature over the Hicks balun. In addition, the NRL/NRAO
balun could be built to mate with either 50€2 or 75{2 coaxial cable, lending some flexibility to the design
of the electronics chain.

Our next step is to obtain sky noise measurements on the NRL/NRAO balun with a large blade antenna
at the LWDA site. Ylva Pihlstrom at the University of New Mexico will be aiding us in this effort. Future
memos will contain details on these measurement results, as well as work on a dual polarization prototype.
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Fig. 1. Top — circuit schematic of the NRL/NRAO balun. Bottom — circuit schematic for the 8 dB gain stage, which are represented by
green boxes in the balun schematic.



R4oRl o R2
..I:
-
[»]
. oClH
o pn
L1 I-

Fig. 2. The PCB layout for the NRL/NRAO balun.

Fig. 3. A photograph of a single polarization prototype of the NRL/NRAO balun.



NRL/NRAO Balun - Noise Temperature
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Fig. 4. The NRL/NRAO balun exhbits an average noise temperature of 120 K in the LWA frequency band. This is roughly half the noise
temperature of the Hicks balun.



NRL/NRAO Balun - S-parameters (Magnitude)
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NRL/NRAO Balun - S-parameters (Phase)
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Fig. 5. Top — the magnitudes of the reflection and transmission coefficients of the NRL/NRAO balun. Bottom — the phases of the reflection
and transmission coefficients of the NRL/NRAO balun. The balun gain (]S21|) is ~ 32 dB across most of the LWA frequency band - 8 dB
greater than the Hicks balun.



NRL/NRAO Balun - 1 dB Compression Point
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Fig. 6. The 1 dB compression point of the NRL/NRAO balun occurs at an input power of ~ —14 dBm.

NRL/NRAO Balun - Second and Third Order Intercepts
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Fig. 7. The second and third order intercept measurements of the NRL/NRAO balun.




APPENDIX

Assembly Instructions TX60-27
October 16, 2006, drawn by Gib Curtis

PRELIMINARY

Substrate  21-4860-00 TX60-27 (1)
Cover 60-1132-11 Plastic .3x.3x.15 (1)
Core 50-1024-20 Balun “Fair-Rite” 2843002302-0 (1)
Wire 65-1360-02 #36 HPN blue (3.07)
Wire 65-1360-02 #36 HPN green (3.07)
Wire 65-1360-02 #36 HPN red (2.0
Clip 59-9820-01 Substrate SMD (6)

Making the beginning tail 7/8” long, wind 1 turn with 2” of #36
RED wire in the 2 hole core as shown. Red tails cross. This wire
must be wound on the core first.

@@ Turn the core over, end for end. Making the beginning tail 7/8”
long, wind 4 turns with 3“ of #36 GREEN wire over the 1 turn of
red wire as shown.



Next, making the beginning tail 1” long, wind 3 turns on the core
with 3” of #36 BLUE as shown in the figure.

Center tap the core by winding one blue wire with one
green wire as shown in the figure. Make the center tap
2/32” from the core body.

2/32" Tin wires using dimensions shown in the figure.

4/32”

Assemble the Clip leads to the strip of 5 substrates using the lead bender and clencher tools.

IR
1]



ﬂ
]

L X

-
¥

my
R

TX60-27

3

Use High Temp Sn96 solder. Mount
the core to the header as shown in
the figure. All wires surface mount.
Red wires cross.

Encapsulate with white RTV as
shown in the figure.

Adhere the cover to the substrate using high
temp epoxy. Orientation is as shown in the
Figure.

Cut the leads using the lead cutting fixture.
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“MAGIC TEE” HYBRID

Guaranteed Specifications

Parameter Range Limits
Frequency 300 kHz to 300 MHz Min
Insertion Loss 300 kHz to 300 MHz 1 dB Max
Isolation 300 kHz to100 MHz 35 dB Min

100 MHz to 300 MHz 25 dB Min
Amplitude Balance 300 kHz to 100 MHz .25 dB Max
100 MHz to 300 MHz .75 dB Max
Phase Balance 300 kHz to 100 MHz 1° Max
100 MHz to 300 MHz 3° Max
VSWR 300 kHz to 1 MHz 1.5:1 Max
1 MHz to 300 MHz 1.2:1 Max
Impedance 50 Ohms Nominal

Note: All specifications apply in a 50 Ohm system. Performance will
differ slightly in a 75 Ohm system.

Maximum Ratings

Preheat Soldering Temperature 220°C for 180 Sec
Max Soldering Temperature 260°C for 10 Sec
Input Power 0.5 Watt
Operating Temperature Range -54°C to +85°C
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A

v B .
4-00® ezeoe | pmm .
T EEE o
040 %-130P
Reliability

All units are designed and constructed to meet or exceed
specifications after exposure to any or all of the following MIL-STD-202
tests which are applicable.

Test Method Condition
Temperature Cycle 107G A
Thermal Cycle 107G AA
Seal 112E D
Vibration 204D A
Solderability 208F

Terminal Strength 211A A
Terminal Fatigue 211A C
Mechanical Shock 213B ¢}

180° HYBRID JUNCTION MODEL HX62A

Features
+ >3 Decade Bandwidth
¢+ >40 dB Midband Isolation
+ <0.5 dB Midband Loss

Typical Performance
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Weight (Approx.) 5 grams

All characteristics of Tele-Tech products may be modified to meet customer requirements.

P.0. Box 790, Bozeman, Montana 59717
Phone: (406) 586-0291 Fax: (406) 587-0653 E-mail: admin@tele-tech-rf.com




12

00S<

00S<
000L<

00S<
000L<
000L<
000L<
000L<
000L<
000L<
000L<

Ol<

000¥<
0002<

T I5PeIg 1500 popusixa

€Ll § 1sodejoL

91’0
erA
0L'¢
05'Le
0091
0LC
8€0
S0°0
€10
S0°0
800
250
€L°0
8¥'0

$
$
$
$

DO PP DD DD DD

L 90 ¢
L szl ¢
4 a8l ¢
l os'le $
z 008 $
4 gelL ¢
4 610 $
z €00 $
€ 00 $
z €00 $
4 00 ¢
L 250 ¢
€L 900 $
14 [

Kpuenp 3soj 3N

(18'€ X 65°G) ANS
€-€92-01
z8.4a

S8YOUI G| X €0 X €0
68-10S
[4X:r4
90z4
90z4
90z)
90z)
(ww z°¢ x 09) O-LNS
90z)
800LWd

31/3S sbexoed

AN-LOS09€171010csHaN
AaN-CL-SIS80LNT
Apoaag Ang isniy
Apoaag Ang isniy
Apoang Ang isniy

AN-ZV-20NL9¥3aN
AN-LOX161d
AN-LO04M002¢d
AN-1LOTVLSd
AaN-10400td
AN-LOvMZ'8d
aN-1-88€Z-€6Y
aN-41€88100d
AN-4LE8Y8IN

TBGUNN Hed Asy-1Bia

O€170¥0¢SHaN
CL-SIS80LNT
V.S

VZIXH

12-09X1L
ZY-CONL9¥3IN
NOLBrALL-rd3
ALO0ZAN38-ryd3
A0LSr80d-ry3
A000LAN38-ryd3
AZZ8re0d-ry3a
D090l LE6S
Mr0L3LaAe-ro3
OY-ML4d¥-800L N

ToqUINN JHEd S, JoIMPenuepy

£00¢/ve/L

unieg OVYN/TIN
s|euslel\ jo ||ig

Jojonpuodiwes NO
J0JoNpuodiwes |euoeN
SHNOAID-IUIN

-dioQ ‘yos-ej0 1
‘dioQ ‘yos-el0 1
03N

oluoseued

903 - dluoseued
903 - dluoseued
903 - dluoseued
903 - dluoseued
UODIYIIN

9903 - dluoseued
JolN MP

JaIneenuen

*PapN|OUI JOU SI0}OBUUO0D PUE BINSOIO|UT “unjeq uonezue|od a|buls e 10} }s09 Ajuo sped
‘uoije)s Jad SpUB)S 9GZ UIM ‘pUB)S Uyoea Joj pash 8 PINOMm S300|q uleb gp g Inoj ey uoidwinsse ay) Uo pajos|es SEM Joxoelq SO0

VZ ‘A OF ‘Anoyos ‘epoiq
Joje|nbay abejoA aAlISsOd
Jaydwy DININ

puaAy ea1b9p 081
Jawliojsuel |

Jojsisues ]

NeM | ‘Joisisey

HeM /L ‘loisisey

HeM p/L ‘loisisey

NemM v/l ‘loisisay

NemM v/l ‘lojsisay
Joyjoede) wnjejue |

H/X ‘olwela) ‘Joyoede)
2107 dlWEIDY) “10}oNpu|

5GRL

VIN
VIN
VIN
VIN
VIN
VIN
%S
%l
%S
%l
%S
%02
%01
%01

33ueis|o

0v0csdHanN
aN-CL-SIS80LNT

4ol
ELEN]
HA Ly

ELTETN

L0
[420 0 %e]
€1°21°11

uoneubisag



13

69'8¢ §

00G< 90§
00G< osie $
0004< ore ¢
00G< [T
0004< 00 ¢
000L< 80 $
000t< veo ¢
(o] 23 oL $

0002< vzo ¢

T15M0eIg 1505 papusixa

:}s09 [ejo L

250
4%

NNON~ N~ —
[}
S

Kpuenp 3soj 3N

(18'€ X 65°S) ANS

z8.4a
€-€92-01
90z)
[4Xer4
90z)
(ww z°¢ x 0°9) O-LNS
800LWd

31K3S Sbexoed

"POPN|OUI JOU SI0JO8ULOD pUE BINSojouT “unjeq uoijezue|od a|Buls e 1o} }s00 Ajuo sped ,
‘Uolje)s Jod SPUBJS 9GZ UNM ‘PUEBYS YOS 10} pasn aq pINom $300|q uleb gp g Inoy jey uoidwinsse 8y} Uo pojos|es SEm Je3oelq 1S0D ,

AN-LOS09€L10v02SHaN 9£170702SHaN Jopnpuooiwes NO  VZ ‘A 0F “Aoyos ‘epoig
Aposui@ Ang isniy VZIXH *di0Q ‘Yoo -8R puaAy ea1b9p 081
Apoau@ Ang isniy ¥.-1e9 SHNONID-IUIN Jaydwy OININ
AN-ZL-SIS80LINT ZL-SIG80LINT  J0jonpuodlwes [euoleN  JojeinBay abejoA aAnsOd
AN-1LOTVLGd A0LSr80d-ry3 903 - oluoseued NeM b/l Jolsisey
AN-LOX161d NOLBrALL-TY3 oluoseued HeMm | Joisisey
AN-Y1€88100d Mp0LILEAE-TOT 903 - oluoseued  ¥/X ‘dlwela) ‘oyoede)
AaN-1-88€2-€67 OOIN90LTLERA UOOIYOIN Joyoeded wnjejue |
AN-YL1E8F8N OU-MLHp-800LINd 2109 olwela) ‘ojonpu]
JaquinN Hed Aey-1biq JaquinN Jed sJainjoejnuepy Jainjoejnuepy adk1
200¢/velL
unjeg s)oIH

S|elsieN jo |iigd

VIN
VIN
VIN
VIN
%S
%S
%01
%02
%01

33ueis|oL

0r0zSHaN
VZIXH

y.-118D
AN-ZL-SIS80LINT
G 1S

G 16

ELEN]

4ol

HA Ly

3nEA

uoneubisag



