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Abstract 
 

This report documents the active balun designed to facilitate the Rapid Prototype Array (RTA) – the 
G250R balun.  The G250R balun provides an additional 12 dB gain over the baseline balun design, 
includes a voltage regulator, and incorporates an experimental feedpoint interconnect scheme based 
on common hardware.  The noise temperature (Tsys = 250K) is approximately equivalent to the 
baseline balun (LWDA), and the system linearity remains acceptable for LWA prototyping 
applications.  Presenting the best price and performance characteristics to date, the G250R design will 
readily extend to a dual-polarization version that will become our leading active-balun candidate for 
the LWA. 
 

 
 
I. Introduction 
 
The construction of the RTA provided a unique opportunity to experiment with 
incremental improvements to the baseline (LWDA) balun design.  It was decided that 
additional gain, a voltage regulator, and more robust feed-point connections would be 
valuable improvements.  The PCB was designed to fit into a PVC drain flange and 
allow for direct connection of the antenna elements to plated bolts pressed and 
soldered into the circuit board material (Figure 6). 
 
II. Device Details 
 
The G250R circuit (Figure 1) is an extension of the LWDA balun design through the 
addition of a voltage regulator (U3) and a Gali-6 amplifier (U4) and its associated 
bias network (L5, R6, L4, FB3, C9, C10).  The PCB layout is shown in Figure 2 and 
3; an assembled balun is presented in Figures and 5. 
 
The SMA connectors that were used for feedpoint connections in the LWDA balun 
have been replaced with Penn Engineering self-broaching ¼-20 studs (KFH-0420-
8ET) in this design (Figures 4, 5, 6).  These phosphor bronze fasteners are 
specifically designed to facilitate PCB interconnects and are electroplated with tin.  A 
cost savings of $5 per polarization was achieved by replacing the SMA connectors 
with these parts (Appendix A). 
 
 
 



A.  Schematic Diagram – G250R Balun 

 
Figure 1 – G250R Balun Schematic 

R191 Ohms

L14.7 uH

Left Dipole Element
Right Dipole Element

R291 Ohms

L24.7 uH

2

3
1

Gali

U1Gali-74

2

3
1

Gali

U2Gali-74

1

2

4

6 Σ
Δ A

B

3

5

H1HX62A

R350 Ohms

1
2 D1M
BRS2040LT3

10 uF

C1Tantalum

S3SM
A

Output

0.1uF
C2

0.1uF
C3

0.1uF
C7

0.1uF
C5

0.1uF
C6

0.1uF
C4

FB1
SM

T Ferrite Bead
FB2
SM

T Ferrite Bead

Inductors:  J.W
. M

iller M
agnetics type PM

1008
Ferrite Bead M

odules:  Steward M
I0805J070R-00

L34.7 uH

0.1 uF
C8

Vin
3

GND1

Vout
2

Vout
4

U3LM
1085

10 uF
C10

Tantalum

DC Power

DC Power

P2KFH-0420-8ET

P1KFH-0420-8ET

R450 Ohms
R550 Ohms

P3KFH-0420-8ET
P4KFH-0420-8ET

2

3
1

Gali

U4Gali-6F+

FB3
SM

T Ferrite Bead

L44.7 uH

0.1uF
C9

R697.6 Ohms
VReg

L54.7 uH

VReg

Second Polarization Term
inations

0.1uF
C11

+15 VDC (Bias-T)

VReg = 12 VDC



B.  PCB Layout – G250R Balun 
 

 
Figure 2 – PCB Layout for G250R (Bottom Layer) 

 

 
Figure 3 – PCB Layout for G250R (Top Layer) 



C. Implementation – G250R Balun 
 

 
 

Figure 4 – Bottom of G250R Balun 
 

 
 

Figure 5 – Top of G250R Balun 



 

 
 

Figure 6 – Feedpoint Connections to G250R Balun 
 
 
 

 
 

Figure 7 – Experimental Dipole Connected to G250R Balun 



III. Summary of Device Performance – G250R Balun 
 

Current Draw (at +15 VDC) 230 mA 
Voltage Range +/- 5% 
Gain 36 dB 
Noise Temperature 250 K 
Input 1 dB Compression Point -18.30 dBm 
Input IP3 -1.8 dBm 
 
The single ended cascade analysis performed to determine IIP3 and noise temperature is 
provided in Appendix B.  All other parameters were directly measured. 
 
IV. Field Measurements 
  
In the summer of 2007 we conducted an extensive field campaign to exhaustively 
characterize all of the available combinations of prototype antennas and active baluns.  
An upcoming LWA memo will provide extensive coverage of this effort.  Using data 
from this trip we are able to compute the sky noise dominance of the baseline balun and 
the G250R when paired with the Large Blade antenna. 
 
Figure 8 compares the sky noise dominance of the baseline balun (LWDA) and G250R 
baluns when used in conjunction with the baseline antenna (Large Blade).  The G250R 
balun is seen to clearly provide greater than 6dB sky noise dominance over the entire 
LWA frequency band. 

 
Figure 8 – Comparison of measured sky noise dominance of the LWDA balun/Large 

Blade (BB3HT) and the G250R balun/Large Blade (BB3RT). 



IV. Path Forward 
 
The G250R provides a significant increase in performance over the baseline 
LWDA balun without adding any appreciable cost (Appendix A).  In 
addition to overcoming cable loss, the final gain stage provides increased 
isolation between the feedpoints and the output connection.  Based on this 
experience, we advocate the inclusion of a final amplifier stage, such as the 
Gali-6, in future MMIC-based active baluns. 
 
The next generation balun design will accommodate two polarizations, 
provide enhanced ESD protection, and incorporate a feedpoint connection 
method similar to the G250R. 



Appendix A.  Material Costs 
 
A. G250R Balun Bill of Materials 
 

 



B. Baseline Balun Design (LWDA) Bill of Materials 
 

 

 



Appendix B.  Cascade Analysis 
 
************************************************************ 
*                    CASCADE ANALYSIS                      * 
*                     Version  1.4A                        * 
*               (c) 1997-2001 Dan McMahill                 * 
*                  mcmahill@alum.mit.edu                   * 
************************************************************ 
 
Processing input file "-" 
 
************************************************************ 
*    Default Values Changed                                * 
************************************************************ 
 
     Input  Resistance for each Stage = 50 Ohms 
     Output Resistance for each Stage = 50 
 Ohms 
     Default Rho (for IIP3 calc.)     = 0 
 
************************************************************ 
*    Stage #1  "Gali-74"                                   * 
************************************************************ 
     Power Gain= 25.10 dB, Voltage Gain= 25.10 dB 
     NF=  2.70 dB 
     Input Res. = 50 Ohms,  Output Res. = 50 
 Ohms 
     IIP3= 12.90 dBm ( 59.89 dBmV), RHO=  0.00 
  
     Total Power   Gain                     =   25.10 dB 
     Total Voltage Gain                     =   25.10 dB 
     Total Noise Figure                     =    2.70 dB 
     Noise Figure from this stage only      =    2.70 dB 
  
     IIP3                                   =   12.90 dBm 
     IIP3 from this stage only              =   12.90 dBm 
 
************************************************************ 
*    Stage #2  "Gali-6"                                    * 
************************************************************ 
     Power Gain= 12.20 dB, Voltage Gain= 12.20 dB 
     NF=  4.50 dB 
     Input Res. = 50 Ohms,  Output Res. = 50 
 Ohms 
     IIP3= 23.30 dBm ( 70.29 dBmV), RHO=  0.00 
  
     Total Power   Gain                     =   37.30 dB 
     Total Voltage Gain                     =   37.30 dB 
     Total Noise Figure                     =    2.71 dB 
     Noise Figure from this stage only      =    0.02 dB 
  
     IIP3                                   =   -1.80 dBm 
     IIP3 from this stage only              =   -1.80 dBm 
 
 
************************************************************ 



****** ANALYSIS OF THE  2 ELEMENT CASCADE IS COMPLETE ****** 
************************************************************ 
 
************************************************************ 
*       Noise Figure Contribution Summary                  * 
************************************************************ 
 
     Stage          Noise Figure     Possible Noise Figure  
                    in the system          Improvement       
---------------   ----------------   ---------------------- 
Gali-74               2.700 dB               2.689 dB 
Gali-6                0.024 dB               0.013 dB 
 
************************************************************ 
*             IIP3 Contribution Summary                    * 
************************************************************ 
  
     Stage         IIP3 in the system 
---------------   -------------------- 
Gali-6                -1.800 dBm 
Gali-74               12.900 dBm 
 
************************************************************ 
*              CASCADE ANALYSIS COMPLETE                   * 
************************************************************ 
 


