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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.

l. 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.



1. 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): 0.1 uF Ceramic Capacitor (SMT 1208), Panasonic, ECJ-3VB1E104K
Inductor (L1): 4.7 uH Wirewound Inductor (SMT 1008), Delevan, 1008-472]

I11. 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
CI 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 bias-
Ts, 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.

1VV. 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 puF shunt is added at



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 15to 115 MHz

Isolation 60 dB Minimum
Insertion Loss 0.2 dB Maximum
VSWR 1.2:1 Maximum

Maximum DC Voltage 25 VDC

Maximum DC Current 334 mA

Size PCB Footprint Approximately 8.3 x 10 mm
Parts Cost $0.92




V1. Measurements: -30 dBm Power Level for RF Stimulus

1. Measurements of a Single Bias-T
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Figure 4 — Insertion Loss (S21) through a Single Bias-T with DC Port Shorted
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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
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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

mfile View Channel Sweep Cajibration Trace Scale Marker Sestem  Window Help =1=2]=|
ke 200000 (] Make1 W2 ) | Makia | IO
1. 20000000 kHz BRIT L
E371 rH FA34 0
B350
28R3 0
Ch1: Start 10,0000 MHz —— Stop 115.000 MHz
| staws cHi: 511 Mo Cor LCL

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

RF+DC Port 50Q Terminated
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Figure 13 — Two Bias-Ts - Isolation between RF and RF Port with Capacitive Shunts (0.1 uF).
RF ports 50Q Terminated.

Note: A power level of 0 dBm was used for this measurement.



VI1I. Bill of Materials

Designation | Value | Tolerance | Type Manufacturer Cost
Part No.
Cl,C2 0.1 uF 10% Capacitor, Ceramic Panasonic $0.056
ECJ-3VB1E104K | (Quantities
> 4000)
L1 47uH | +/-5% | Inductor, Unshielded | Delevan $0.81
(1206), X7R 1008-472] (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 LI.
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.

VI1IIl. References

[1] “A Strawman Design for the Long Wavelength Array Stations”, P.S. Ray (et. Al),
April 11, 2006, http://www.ece.vt.edu/swe/lwa/memo/lwa0035.pdf, LWA Memo #35.

[2] “Report on Mutual Coupling and Impedance Measurements on Large Blade Dipoles”,
B. Erickson, H. Schmitt, E. Polisensky, August 28, 2006,
http://www.ece.vt.edu/swe/lwa/memo/lwa0053.pdf, LWA Memo #53.
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IX. Schematics and Layouts

o x 33U

Mounting Hole Mounting Hole Mounting Hole Mounting Hole

<l
0.1uF g2
Panasonic: ECJ-3VBIELME RE+DC
* . B
L1
.7 uH
APl Delevan: 10084723 GND
c2
0.1 uF

A.\|®

GND

Panasonic; ECI-3VBIEL 4K

Y

§3 GND
Do
D
Title Bias-T NRL RSD
size: A Numberl Revision: | H\é >

Date: $/1972008 Time: 4:04:35 PM | Sheet]  of 1
| File: E)APMIR Projects LWA Bias-T'Bias T.SchDoc

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

O

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)

BT 5 45

Unshielded Surface Mount Inductors

iﬂﬁ 10 PHENOLIC CORE
-018M 000E | 220% | 40 =0 2700 | DOS0 | 1582 o)
-022M 0002z | 2200 | 40 =0 2700 | DOS0 | 1582 |
& 02T 00037 | 230% | 40 =0 2700 | D050 | 1562 i
¥ -033M 00033 | 220°%: | 40 =] 2700 | 0DO0S0 | 1582 (-]
JL -039M 00039 | 2200 | 40 =0 2700 | DOS0 | 1582 [ =]
Lq_.-er e =I = -047TM 00047 | 220% | 40 | 50 2700 | 0050 | 1562 3
}%r E -056M 000s6 | 220%: | 40 =] 2700 | 0DO0S0 | 1582
_;,l | B -068M 000es | 220% | 40 =0 2700 | DOS0 | 1582 :
-0E2M 00062 | 2307 | 40 =0 2700 | D050 | 1562 W
-100K ooin 21 | 40 =] 2700 | 0DO0S0 | 1582
-120K ooz 21 | 40 =0 2450 | DOSS | 1450
-150K onis 21 | 40 =0 ooed | 1381
E 4@"’:- 180K 0016 | =10% | 40 | 50 | 2000 | 0070 | 1320
: -Z20K no2z 21 | 35 =0 1800 | DUOBD | 1235
-ZT0K ooar 21 | 35 =0 1625 | 0080 | 1164
-330K oo3z 21 | 20 =] 1450 | 0100 | 1105
I% A % -FA0K no3s 21 | 20 =0 1335 | 0110 | 1053
| e 0o47 21 | 30 =0 1220 | 0130 | 10068
-560K 0ose 210 | 25 =] 1110 | 0170 i
-530K 0068 |210% | 35 | =0 1000 | oE0 | &23
-G20K oogz 210 | 25 =0 915 | 0180 it} ]
-101K oon 210 | 15 5 550 | 02230 728
Physical Parameters. 121K o2 21 | 40 5 750 | 0400 | 1225
Inches Milli 151K R ES 21 | 40 5 650 | 0110 | 1168
-181K 018 210 | 40 5 550 | 0120 | 1119
A DUDBE to 0115 241t 2,02 (1] 0% | 40 | B = S
B [L0ES to 0.105 2 16 to 2.66 -ITIK 027 | 2i0% | 40 | 35 375 | Dis0 | 1000
-331K 033 210 | 40 5 300 | O1ES 954
C 0.075 to 0.085 181t0241 o e O I S5 —5i3
D 0,010 to 0.030 0:26to 0.76 ATIK 047 | 210% | 40 | 35 25 | 020 | 346
E 0.040 to 0.060 1.02 to 1.52 -SE1K 0.5 *:ﬁ ﬁ E l?g 0220 %
= 360
F 0.060 (Ref onty)  1.52 (Ref. only) 21K DEz  |a210% | 40 | 25 120 | Daoo | ToE
G 0045 [Ref only) 1.14 [Ref. only) ozl 10 258 a0 74 125 | 0330 585
Dimensions *4” and “C" are over terminals. - 12 =R |30 | 7E | 0| mdE | s
=152 15 5% 20 7a 92 | 0500 S4B
Weight Max_ (Grams) 0.1 182 14 5% | 30 74 % 0720 | 457
" 23 5% 20 T8 [R: 1] 33
Operating Temperature Range —55°C to +125°C 272) 27 2 || 7a g2 | msen | 412
. " - a3zl 33 5% | 0 74 50 | 0950 | 396
Current Rating at 30°C Ambient 25°C Rise —5] 5 SENL o ] =90 | 54
T Power Dissipation at 90°C =472 47 5% 20 7a 47 | 135 334
"nlm.““ Dissi at -552.] 56 25% 20 749 44 | 1.54 2z
Phenclic- 0188 W —&53] 1] 5% 0 -5 o I 8
Femite: 0,208 W 522 &2 5% 20 7a 33| 216 264
. _ -103J 10 25% 20 749 28 | 250 245
Packaging Tape & resd (3mm): 7" reel, 2000 peces = = ZEEL ] wE =4S | T
ma; 13" resd, 7000 p'ECE max. -1534 15 250 30 25 21 | 4.00 194
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Made In the U.5.A. Pavent Protected vl 5 i} 75 17| BO00 | 158
-3 7 5% 20 25 15 | 70D 146
-333J 33 25% 20 25 13 | 60D 135
A k] 5% 20 23 e | 12
=473 47 5% 20 25 11 | 10,00 120

Optional Tolerances: J=5% H=3% G=2% F=1%

*C ] # muet Include series # PLUS the dash £

For further surface finlzh Information,
refer fo TECHMICAL section of this catalog.
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E WW1008R €D
WW1008 s>

Wirewound Surface Mount Inductors

008 CERAMN

SMEK 56| 50 | 50 |1500 | 4000 | 045 | 1000 =

I—l—\—l | | A i0 |50 | so | so0 | 4100 | ooe | 1omo .

12N 12 | 50 | sp | soo | 2300 | ooe | 1000 =

SN 15 | 50 | S0 | 500 | 2500 | 011 | 1000 ]

18N 16 | 50 | 5o | 3s0 | 2400 | o4z | 1000 c

ZINE 72 | 50 | 55 | 3s0 | m400 | oz | 1000 o

_‘\IL 24RK 34 | 50 | 55 | 250 | 1900 | 0.2 | 1000 3

TN 77 | 50 | 55 | 3s0 | 1600 | 043 | 1000 =

HE f—F -33NK 33 | =0 | 0| 350 | w00 | o | 1000 »
L N 3ANK 38 | 50 | 60 | 230 | 1500 | 095 | 1000
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0K 10 |25 | &0 | 3s0 | 000 | ose | e
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23K 2o0 |75 | a5 | 100 | 700 | oes | sw
241K 240 | 25 | 45 | 100 | 650 | 06 | SO0
7K 70 |25 | 45 | 10 | eo0 | o1 | smo
N 301K a0 |25 | 45 | 100 | sas | 1m0 | 4%
Physical Parameters 31K 330 | &5 | 45 | 100 | 570 | 105 | 450
Inches Milimeters 31K 360 |25 |45 | 100 | s3a0 | 1a0 | 47
A 0115 Max. 202 Max. ~FA1K 380 | IS 45 | 100 S00 | 142 § 470
43K 430 | 25 | 45 | 100 | 480 | 1.5 | 470
B 0.110 Max 2.7% Mak. 4TI s |5 |45 | m | as0 | 199 | s
Cc 0.080 Max 203 Max. SE1K SED | 35 45 | 100 | 415 | 133 | 400
o 0.080 {Ref only] 2.02 (Ref. only) -E21K [ 45 | 100 375 | 140 | 300
£ 0,020 (Ret 0.50 (Ref anly) 531K 660 | 25 | 45 | 100 | 375 | 147 | am
- aniy) - THIK 750 | 25 | a5 | 100 | 380 | 154 | 3e0
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G 0.100 754 oK wi0 |25 | 3| so| 320 | 1es | 380
02K 1wo0 | 75 |35 | s0 | zan | 175 | 3w
H 0.040 101 2K 1200 | 78| 35| = | 250 | zm0 | 30
| 0.050 127 -152K 1500 79| B 50 | 0 | 230 | 33
N 182K 1800 | 7o |26 | s0 | 160 | 260 | 300
Dperating Temperature Range —40°C to +125°C K 3900 70| 28 | S0 | 180 | 260 | 280
Inductance and @ tested on HP42214 using o Ml a2 S| w3 e
HP16183A test fature, or equivalent 3AIK 3500 79 | 20 25 100 | 3E0 360
i ATIK amoo0 | 79| av | 25 | 9o | 400 | 260
Packaging Tape & ree! (Bmm]- 7" reel, 6K 5600 | 79| 16 | 79 | 4o | amo | 34
2000 pieces man -GEIK G300 TaliE | 79 40 | 450 | 200
B2IK o0 | 79| 6 | 79| 25| 600 | 170
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LAMND PATTERN
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DIMENSIONS

*Complate part # must Include sarles # PLUS ihe dash #
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Panasonic

Multilayer Ceramic Capacitors(For General Usage)

Multilayer Ceramic Capacitors
(For General Electronic Equipment)

serizs: ECJ

B Features

@ 5Small size and wide capaciancs range

& High humidity resistance and long life

# Excsllent zolderability and resistance to solderng heat

@ Lowinductance (ESL) and excellant frequancy
charactaristice

# AoHS complisnt

W Handling Pracautions
Sz Page 481053

B Explanation of Part Mumbers

- - - b
L - -~
% L .

B Racommended Applications

® Class 1 (T.C. Type)
Tumed cicuits, and filter circuiry, whers low loas and
high stability of capacitance and high insulation
resisiance is required

@ Class 2 (HiHK Type)
Coupling ard By-psasing

B Packaging Specifications
Siza Page 45, 48, 56
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B Construction
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Lit] Ceramic dislectric
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S (3] @ Substrate slactrode
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& Extemnal electrode
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. Size Cods | Size (E14) L W T Ls, Le
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Panasonic Multilayer Ceramic Capacitors(For General Usage)

M Packaging Styles and Standand Packaging Quantities Cuartty [Taging: pos resl)
P‘S';BEIHEI Sizs| ozt o402 0E03 OBDS
e Packaging Syl resE (MM 7_g 3 T-05 T-08 T-08 | T-085 | Tai2s
Paper tapirg O
E {Fitch: 2 mm) 15,000 10,000 — — — — i
#EB0 Paper tapi 2
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Embossad taping
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¥330 el and DIk Dalg typs ; Fleasd Comact Us o
g,
B Temperatura Charactaristica b/
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Cfl:lc- - Characieristics {ppmi=C) - -
o Max. miin. ITISK. ITin.
k10 pF| CG O+ 30 0.33 —014 0.20 —0.20
o Ca &4 pF| CH O+ A0 0.48 -0.27 .38 -0.39
3 pF CJ Ox130 g.a2 —0.54 0.78 =078
a2 pF| CK 0x220 1.54 =113 183 -1.83
G 5L +380 1o 1000 — — 2.28 —5.50
Tampsratra cogtiolen: csloumed bewoen 20 °C b S5 %0
For applosble "temperature charsctarisiios”, ssa tha lisls ol skndard producks on page 13 90,
® Class 2
Tempearatura Tempearatura . Measurameant Refarence
Characteristic Cods Characteristice Cepecitance Changs Temperature Range Temperatune
E £10 % -25 1o 85 "C 20 0
E XTR +15 % -&5 o 125 "C 25 *C
¥5R +15 % -55 o 85 *C 25 *C
= F +30, B0 % -25 1o 85 *C 200
YEV +22, 52 % -30 o 85 0 25 *C
Fer appioabin Temperatui charsctansiios, Sea Na lisis a1 Sknoard rodicts on paga 13 o 10,
B Aated Voltags
Cods | 1H | 1E | 1c | 1A | oJ
Aated Voltage | DCE=V | DCcavV | DCieW [ DCwWV | DOCeav
B Nominal Capacitance
Ex oAsS 210 100 104
Mominal 100,000 pF
Capacitance 0.8 pF 1pF 10 pF [0.1 pF)

B Capacitance Tolkrance

Claza Termperature Characieristics Tol. Coda Capacitance Tolarancs

Cs5pF [+ +0.25 pF

: C £10 pF [n] +0.5 pF
1 Ca 5L | CEPECENCE o ip o F =1 pF
b C 10 pF J 25 %

o K £10 %

K +10 %

2 B, X7R. X=H M +20 %

E 5V i +80, 20 %
B e T D g b e e et el nler . e, 208
-EC8-
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