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The strawman design document [1] for the LWA suggests that the Front End Electronics (FEE)
could be powered through the use of a circuit known as a bias-T. We will discuss how a bias-T
operates and present a low cost design optimized for performance within the LWA frequency
range of 20 to 80 MHz. We highly recommend the use of bias-T based on discrete components
incorporated directly into the LWA FEE and ARX subsystems.

I. Introduction
A bias-T is a three port network designed to provide power to remote devices, such as
amplifiers, over the same coaxial cable that RF signals are conveyed. The basic
topology, and means of operation, of a bias-T network suitable for LWA applications is
given in Figure 1.
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Figure 1 – Basic ‘Inductive’ Bias-T

Commercially available bias-Ts are available in both “connectorized” and surface mount
versions. These units are typically expensive ($40 to $100) and, although designed to be
wideband, often suffer in performance at frequencies below 50 MHz.
By concentrating on an LWA specific bias-T we can achieve a significant cost savings.
We will focus on presenting a bias-T circuit that is optimized for operation below 100
MHz and has the ability to supply a single polarization of an LWA FEE (230 mA). We
will also deliver a circuit with a compact printed circuit board (PCB) footprint.
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II. LWA Bias-T Design Considerations
Consisting of one inductor and one capacitor the bias-T circuit is simple, but particular
consideration must be given to component selection. Although not a part of the generic
bias-T circuit, the shunt capacitor (C2) on the DC port should not be considered optional
(Figure 1). Addition of this capacitance substantially increases isolation between the RF
ports and the DC supply connection by routing any remaining RF leakage on the supply
side of the inductor to ground (Figures 11, 12, and 13).
It is especially important that the inductor be rated for the necessary current and should
optimally have a minimum self resonant frequency (SRF) that is above the highest LWA
frequencies. Throughout the entire LWA band, the inductor must present high
impedance, and both capacitors must present low impedance; resonances must be
avoided.
Based on research and experience, we have selected the following components for
consideration and testing:
Capacitors (C1, C2):
Inductor (L1):

0.1 μF Ceramic Capacitor (SMT 1208), Panasonic, ECJ-3VB1E104K
4.7 μH Wirewound Inductor (SMT 1008), Delevan, 1008-472J

III. LWA Bias-T Prototyping
We have produced a PCB layout to enable us to reliably evaluate the performance of our
bias-T with a variety of components (Figure 2). The SMA connectors featured here are
only included as a convenience for testing. The basic orthogonal arrangement of L1 and
C1 can be readily incorporated into the FEE and ARX regardless of the connectors these
subsystems utilize.

Figure 2 – Bias-T Evaluation Board

The circuit was evaluated both as a single unit and in the intended configuration with two
bias-Ts connected together and transferring power. In the configurations with two biasTs, we supplied 15 VDC at ~240 mA to a power-resistor load (~3.6 Watts dissipated)
throughout the test (Figure 3). It was our intention to evaluate the performance of the
inductors in the circuit while operating under load conditions representative of a G250R
balun (FEE).
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Figure 3 – Characterization of the Bias-T Operating under Load

In the single unit configurations we placed an SMA “short” on the DC port of the bias-T.
It was our intention here to capture the performance of the single bias-T when connected
to a DC power supply with very low output impedance.
An Agilent N3383A vector network analyzer was used to characterize insertion loss
(S21), return loss (S11 and S22), and isolation (S21 between RF and DC ports). A
complete set of data is included in the measurements section of this report.

IV. Observations and Recommendations
The performance of the bias-T presented here is comparable to designs that we have
already fielded and found to be entirely successful in operation. Within the LWA band,
the performance of this circuit compares favorably to costly commercial units. The
insertion loss of two of these cascaded bias-Ts was found to be less than 0.2 dB, and the
aggregate return loss was found to be least -20 dB.
RF coupling from one dipole to another through the DC power network is a serious
concern and potential source of indirect mutual coupling. It is important that significant
attenuation be presented between the RF ports and the DC supply node of the bias-T.
Direct mutual coupling between elements at a spacing of 4m has been demonstrated to be
approximately -20 dB, declining ~5 dB for each 2m increase in spacing [2]. After 20
meters the mutual coupling between elements is approximately -60 dB and only gradually
diminishes with additional spacing [2]. Consequently, we recommend that feed system
coupling be kept well below -80 dB.
The most expedient means of accomplishing this goal is the introduction of a capacitive
shunt on the DC side of the bias-T. This can be seen on the schematic (Figure 14) as
capacitor C2. It is typically a part of good engineering practice to incorporate “bypass
capacitors” (such as C2) at DC supply nodes; we provide measurements here to
emphasize the consequences of omitting this component. The isolation between the RF
port and DC port of the bias-T without the capacitive shunt is seen to be inadequate in
Figure 11. A definite improvement in isolation is seen when a 0.1 µF shunt is added at
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the DC supply node (Figure 12). With the shunt, at least 60 dB of attenuation between
the RF ports and the DC supply port is achieved. An RF signal must run the gauntlet of
two of networks consisting of L1 and C2 to traverse the DC feed ports of two bias-Ts and
get from one dipole signal chain to another. Greater than 100 dB of attenuation is
observed in this configuration (Figure 13).
The prototype circuit fits within an 8.3 x 10 mm square on the circuit board; PCB space
constraints should not be problematic.
We recommend the use of a high-capacity DC power supply to supply power to the FEEs
via a bias-T arrangement such as discussed here. This method of power distribution will
spare the cost of installing and maintaining a separate power distribution network and
eliminate unnecessary complexity in station installations. Because DC power is sourced
via the center conductor of shielded coaxial cable, the resulting power network is
effectively shielded at no additional cost. Candidate connectors for LWA RF cabling will
likely incorporate conductive backshells which will act to further inhibit the introduction
of RFI via the power distribution network.
By incorporating a bias-T into the ARX, the option of allowing power to the antenna
stands to be under control of the LWA Monitor and Control System (MCS) becomes
inexpensive and straightforward to implement. This feature could prove valuable for
diagnostics, maintenance, and station commissioning.

V. Summary Table
Operating Frequency
Isolation
Insertion Loss
VSWR
Maximum DC Voltage
Maximum DC Current
Size
Parts Cost

15 to 115 MHz
60 dB Minimum
0.2 dB Maximum
1.2:1 Maximum
25 VDC
334 mA
PCB Footprint Approximately 8.3 x 10 mm
$0.92
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VI. Measurements: -30 dBm Power Level for RF Stimulus
1. Measurements of a Single Bias-T

Figure 4 – Insertion Loss (S21) through a Single Bias-T with DC Port Shorted

Figure 5 – Return Loss (S11 and S22) into a Single Bias-T with DC Port Shorted
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Figure 6 – Return Loss (S11 and S22) into a Single Bias-T with DC Port Shorted (Smith)

2. Measurements of a Two Bias-Ts in Cascade Delivering 240 mA to a Load

Figure 7 – Insertion Loss through Two Bias-T Supplying 240 mA to a Resistive Load
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Figure 8 – Return Loss (S11 and S22) into Two Cascaded Bias-Ts Delivering 240 mA

Figure 9 – Return Loss (S11 and S22) into Two Cascaded Bias-Ts Delivering 240 mA (Smith)
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Figure 10 – SWR (S11 and S22) into Two Cascaded Bias-Ts Delivering 240 mA

Figure 11 – Single Bias-T Isolation between RF and DC Port without Capacitive Shunt.
RF+DC Port 50Ω Terminated
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Figure 12 – Single Bias-T - Isolation between RF and DC Port with Capacitive Shunt (0.1 µF).
RF+DC Port 50Ω Terminated

Figure 13 – Two Bias-Ts - Isolation between RF and RF Port with Capacitive Shunts (0.1 µF).
RF ports 50Ω Terminated.
Note: A power level of 0 dBm was used for this measurement.

9

VII. Bill of Materials
Designation

Value

Tolerance Type

C1, C2

0.1 μF

10%

L1

4.7 μH

+/- 5%

Capacitor, Ceramic
Inductor, Unshielded
(1206), X7R

Manufacturer
Cost
Part No.
Panasonic
$0.056
ECJ-3VB1E104K (Quantities
> 4000)
$0.81
Delevan
1008-472J
(Quantities
> 2000)

Total cost for each bias-T: $0.92
Total cost each antenna stand (4 bias-Ts, two per polarization): $3.69
The results presented here are based on the use of Delevan part ‘1008-472J’ for L1.
Alternatively, part ‘WW1008-472R’ could also be used. The former part is less
expensive, and more readily available. Specifications for both parts are provided in the
datasheet section at the end of this report.
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IX. Schematics and Layouts

Figure 14 – Bias-T Schematic
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IX. Schematics and Layouts (Continued)

Figure 15 – Bias-T Evaluation PCB
Note: Active portion of circuit fits within an 8 x 10 mm rectangle.
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X. Datasheets (L1 and C1)
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