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Abstract

Design and Characterization of an Ultra-Wideband Radio for Extended-Range Transmission

This thesis presents the design and characterization of a custom ultra-wideband radio system
for extended-range communication. Existing commercial modules were found inadequate due
to limited configurability and restricted frequency range. To overcome these issues, a UWB
platform was developed, including a transceiver based on the DW 1000 chip, a power amplifier
using the Renesas F1485, and a pentagon-shaped antenna optimized for 3—5 GHz.

All components were validated through measurements. Field tests were conducted in real
outdoor conditions with a special frequency license. Maximum communication distance achieved
was 2.63 km using UWB Channel 4. Bit error rate remained low, with packet loss becoming the
main limiting factor at longer ranges.

The results show that with custom hardware and correct configuration, UWB can be used
effectively for extended-range transmission in real-world conditions.

CERCS: T170 Electronics; T191 High frequency technology, microwaves.

Keywords: Electronics, Ultra-Wideband Radio, Radio-frequency engineering.



Restuimee

Ultralairiba raadio projekteerimine ja iseloomustamine korgendatud sideks

Kéesolev magistritoo kasitleb ultralairiba raadiosiisteemi projekteerimist ja iseloomustamist
korgendatud side jaoks. Olemasolevad turul saadavad moodulid osutusid ebasobivaks piiratud
seadistamisvoimaluste, sagedusvahemiku ja halva signaali kvaliteedi tottu. Nende puuduste
tiletamiseks tootati vélja ultralairiba platvorm, mis koosneb DW 1000 kiibil pdhinevast saatja-
vastuvotja plaadist, Renesas F1485 pohinevast voimendist ning 3—5 GHz sagedusvahemikule
optimeeritud viisnurksest antennist.

Kodik komponendid valideeriti mootmiste abil. Vilitestid viidi 1dbi reaalsetes vilistingimustes
spetsiaalse sagedusloa alusel. Maksimaalseks sideulatuvuseks mdodeti 2,63 km, kasutades UWB
kanalit 4. Bitiveateguri mair jai madalaks, kuid pikematel distantsidel sai paketikadu peamiseks
piiravaks teguriks.

Tulemused néitavad, et kohandatud riistvara ja korrektse seadistusega on UWB tehnoloogia
tohus vahend pikamaa andmesideks reaalses keskkonnas.

CERCS: T170 Elektroonika; T191 Korgsagedustehnoloogia, mikrolained.

Marksonad: Elektroonika, Ultralairiba raadio, Raadiosagedustehnika.
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1 Introduction

Reliable localization remains a key challenge in industries such as autonomous driving, robotics
and logistics[1][2][3]]. Although GPS is widely used for outdoor positioning, it is limited by
interference, multipath effects, attenuation, and recently deliberate jamming[4]][S]], highlighting
the need for alternatives.

Ultrawideband radio technology emerges as a promising candidate due to its high temporal
resolution, precise ranging capabilities, and resistance to multipath effects[6]. Although UWB-
based localization has mostly been demonstrated in controlled indoor environments, its reliability
and performance in real-world conditions has not been researched that much[/7[][8][9][10].

This thesis aims to address this gap by validating the feasibility of using ultrawideband
radio technology for localization under realistic outdoor scenarios. The primary goal is to
clearly define the system and assess if UWB can be used outdoors. Specifically, this work will
measure maximum communication range, characterize bit-error rates as a function of distance
and compare performance across multiple UWB channels. The outcomes are intended to provide
practical insights for future research on robust, long-range UWB usage.
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2 Overview of Localization and UWB Ra-
dio Technology

2.1 Relevance and Importance of Localization

Localization, in robotics, refers to the robot’s ability to accurately determine its position and
orientation within a given environment [ 1]]. Precise localization is fundamental for numerous
tasks, notably path planning, where the robot’s current position and the target destination define a
trajectory.

Although the concept of navigating from point A to point B is intuitively simple, is practice
this requires addressing several variables, such as environmental conditions and robot-specific
characteristics. Autonomous vehicles exemplify this complexity: despite substantial financial
investment, fully autonomous driving systems have not yet been realized [11], [[12].

Localization is crucial as it provides the capability required for autonomous operation.
Accurate knowledge of the robot’s position enables decision-making, such as obstacle avoidance,
thereby enhancing task safety. The greater the precision in determining the robot’s position, the
more efficiently and reliably the robot can execute its task[/13].

2.2 Current Solutions and their Limitations

Several technologies are currently used to achieve reliable localization, each with distinct strengths
and limitations][/13]]:

Global Positioning System (GPS): GPS is extensively employed for outdoor localization, pro-
viding global positioning information for robots and autonomous systems. Despite its widespread
use, GPS accuracy significantly diminishes in urban or indoor environments due to interference,
multipath propagation, signal attenuation, and deliberate jamming [14]. Enhancements such as
Real-Time Kinematic (RTK) GPS can improve positional accuracy, but with a low polling rate
[15]].

LiDAR (Light Detection and Ranging): LiDAR sensors offer high-resolution, three-
dimensional mapping of surrounding environments, allowing for accurate localization by
detecting and classifying obstacles and landmarks. Nevertheless, LiDAR systems are generally
costly, computationally demanding, and sensitive to adverse weather conditions, such as rain, fog,
or dust, which can compromise sensor performance and accuracy|[16].

Visual Odometry: This method utilizes image data captured by cameras to estimate robot
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motion and position. By applying computer vision algorithms analyzing consecutive images,
visual odometry can provide precise localization. However,its dependent on environmental
conditions, such as lighting and texture richness[/13]].

Each of these technologies has specific contexts in which they excel, as well as scenarios
where their limitations become highly relevant. In demanding localization scenarios, combining
multiple technologies, such as GPS, LiDAR, and visual odometry, can provide robust and accurate
localization solutions by compensating for each method’s individual weaknesses. Tabel [2.1]
brings out each technologies strenghts, limitations, accuracy, cost and robustness.

Table 2.1: Comparison of GPS, LiDAR, and Visual Odometry

Technology Strengths Limitations | Accuracy Cost Robustness
GPS Global cov- | Affected by | Moderate to | Low to Mod- | Poor  (ur-
erage, ideal | interference, | High erate ban/indoor)
outdoors multipath,
jamming
LiDAR High-res 3D | Costly, High High Moderate to
mapping, weather- Poor
precise sensitive,
localization | compute-
heavy
Visual Odometry | Accurate Sensitive Moderate to | Moderate Moderate
motion from | to lighting, | High (lighting
visual data | compute- dependent)
heavy

Sources: [13], [14], [16]

2.3 Introduction to Ultra-Wideband

Considering the previously discussed limitations associated with conventional localization
methods it is evident that alternative technologies are necessary. UWB technology emerges as a
promising solution that addresses many of these challenges.

UWRB uses very short-duration pulses spread over a wide frequency spectrum. Conventional
radio technologies use narrow frequency bands, whereas UWB'’s short pulses occupy a broader
portion of the radio spectrum. These pulses occupy a wide bandwidth because, mathematically,
the shorter a pulse in time, the wider its frequency spectrum. This is a direct consequence of the
Fourier transform relationship between time and frequency.

UWRB achieves precise positioning by accurately measuring the Time-of-Flight (ToF) of its
short-duration pulses. Due to their brief duration, these pulses allow the receiver to measure the
arrival time with very high precision, which directly improves the accuracy of the calculated
distance. In comparison, narrowband signals have longer pulses, which limits their temporal
resolution and reduces positioning precision.
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Multipath interference occurs when a transmitted signal reaches the receiver through multiple
paths, typically due to reflections. Narrowband signals overlap significantly with their reflections,
complicating signal detection and reducing positioning accuracy. UWB’s short pulses, however,
clearly separate the direct signal from reflected signals because the reflections arrive later in
time. This clear separation allows the receiver to identify and use only the first arriving signal for
distance measurement, effectively reducing multipath-related errors.[17], [[18]

Figure 2.1]illustrates the use ToF for distance estimation in an indoor environment. An UWB
signal transmitted by the blue device reaches the green device through multiple propagation
paths. One path is direct, passing through walls, while others are longer due to reflections. The
shortest path arrives first and is used to compute the ToF. Reflected signals are discarded. The
principle is comparable to selecting the first finisher in a race.noauthor_getting_nodate

[ uws | UWB
ijTansnﬂﬂerj Receiver

Direct path though wall

Reflection
(This can be used for Time
ToF distance calculation)

Reflection Reflection

Figure 2.1: Propagation of UWB signal in space

UWB-based localization relies on precise ToF measurements, where distance is calculated by
multiplying signal travel time by the speed of light. Three main ToF-based ranging techniques
are used:

14



Time Difference of Arrival (TDoA): Similar to GPS, multiple synchronized receivers
timestamp incoming signals from transmitter, and a central system computes device
positions through multilateration. This technique is suited to scenarios requiring high
device density and low power consumption but demands synchronized receivers. Figure
[2.2)illustrates the workings of the TDoA.

i UwB \
| Receiver |
[ uwe |
|\ Receiver |
_ LA 4
Single Pulse Gateway }—>|F’osmon|
A A
uwe |
. |\ Receiver |
T —
| Receiver

/
/
2

Figure 2.2: Time Difference of Arrival

Two-Way Ranging (TWR): Devices actively communicate with each other, measuring the
round-trip signal travel time. This method allows for easy deployment without system-wide
synchronization and allows data exchange, though it involves higher power consumption
and supports fewer devices. Figure [2.3]illustrates the workings of the TWR.

UwB UwB

Transceiver Transceiver

Figure 2.3: Two-Way Ranging

Phase Difference of Arrival (PDoA): Combines TWR distance measurement with
directional bearing through phase difference measurements across multiple antennas on a
single device. PDoA reduces the infrastructure needed but introduces positioning errors
proportional to the distance between devices. Figure [2.4]illustrates the workings of the
PDoA.
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UwWB
Receiver

UWB
Transmitter

Figure 2.4: Phase Difference of Arrival

2.4 Research on UWB Radio

Despite the promising theoretical capabilities of UWB, practical studies remain limited, particu-
larly under real-world outdoor conditions. This section analyzes literature to assess the state of
UWB based localisation.

* Rykata et al. [8] propose a UWB-based outdoor localization system for UGVs using the
Decawave TREK1000 and test trilateration, NLP, and geometric methods. Algorithms
adapt to available sensor data and perform well outdoors, but the study omits key parameters
like anchor spacing, signal thresholds, and performance limits, hindering reproducibility
and comparison.

* Xia et al. [9]] report about the development of a 3-5 GHz impulse radio UWB transmitter
and receiver MMIC optimized for long-range precision wireless sensor networks. Their
system achieves ranging accuracy better than 15 cm up to 200 m line-of-sight (LOS)
outdoors using TDoA measurements and high-peak-power UWB pulses (20 dBm). While
the achieved range is impressive, the conditions that outdoor tests are conducted are
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not mentioned. Also no mention of antenna radiation efficiency is mentioned only the
omnidirectionality.

* Van Herbruggen et al. [10] propose Wi-PoS, a low-cost, open-source UWB hardware
platform equipped with sub-GHz and 2.4 GHz back-end communication. Their work
combines hardware design and protocol stack integration with a focus on deployability
and energy efficiency. In outdoor field tests, the system achieved sub-5 cm accuracy at
50 m and 75 m distances using TWR and RTK-assisted calibration. The hardware used
was Decawave DW 1000 transceivers.

In summary, while all three studies demonstrate the practical potential of UWB-based
systems in outdoor settings, there remains a lack of detailed performance characterization. This
necessitates the need for further systematic testing and parameterized evaluations of UWB radio
performance in outdoor environments.
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3 Purpose of Work

The objective of this thesis is to develop and empirically characterize a UWB radio system
capable for achieving the maximum possible communication distance in real-world conditions.
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4 Methodology

4.1 Overview and Objectives

The objective is to experimentally validate the feasibility of using UWB technology for extended-
range applications. To achieve this, existing solutions, including commercially available UWB
modules, amplifiers, and antennas, are assessed to prevent redundant development efforts. Each
component is evaluated quantitatively, with performance metrics clearly described.

4.2 System Overview and Architecture

Figure {.T]illustrates a suitable architecture for evaluating UWB radio performance in extended-
range scenarios. Given that the primary objective is to measure achievable signal range, the
architecture is designed to possibly allow each radio board to function either as a transmitter (TX)
or receiver (RX). Although the inclusion of an RF switch could enable half-duplex communication
within a single module, such implementation lies beyond the scope of this thesis.

UWB
Radio

¥

Power Amplifier » Antenna

Figure 4.1: Proposed architecture for TX side UWB radio testing.

This architecture is modular and easily adaptable. During the design phase, the potential
addition of a Low Noise Amplifier (LNA) was evaluated if deemed necessary. The finalized
receiver-side architecture utilized in this thesis is shown on Figure 4.2]

UWE " Low MNoise Amplifier
Radio LMA

o Antenna

Figure 4.2: Proposed architecture for RX side UWB radio testing

4.3 Assessment of Existing Solutions

To determine the necessity for designing custom solutions, existing available solutions were
analyzed.

19



4.3.1 Evaluation of existing UWB Modules

Several existing UWB evaluation kits were reviewed to assess their suitability for extended-range
testing applications. Among them, the EVK1000 UWB Transceiver Evaluation Kit was identified
as a promising candidate. However, the kit has been discontinued, with End-of-Life (EOL) status
announced on March 24, 2021[19].

The recommended successors to this ki—DWM3001CDK and DWM3000EVB are equipped
with integrated antennas. This limits system configurability, particularly in terms of amplifier
integration or antenna replacement. Furthermore, both modules support only UWB channels 5
(6.5 GHz) and 9 (8 GHz), which restricts testing flexibility when compared to alternatives such
as the DW 1000, which supports six channels [20]-[22].

Other available evaluation platforms, such as those offered by SPARK Microsystems and
Qorvo, were also considered. SPARK Microsystems provides multi-channel capability; however,
the associated evaluation kits are priced significantly higher than other options, making them
economically unviable for the scope of this thesis [23]. A similar issue was identified with
Qorvo’s newer development kits [24]]. In addition, SPARK Microsystems’ SDK and hardware
documentation lack sufficient depth compared to competing manufacturers. Notably, the official
website also exhibited poor performance during the research process, raising concerns about
long-term accessibility of resources.

Due to the absence of suitable open and configurable evaluation kits, standalone UWB
modules were investigated. The DWM1000 module was evaluated due to its ease of integration
and Arduino software library support. However, it also includes an integrated antenna, limiting
the possibility of signal chain modification [25]]. A similar limitation applies to the DWM3000
module, the new revision of the DWM 1000, which is also not suitable for use cases requiring
flexible hardware architecture [26].

In conclusion, none of the mentioned existing commercial UWB development kits or modules
met the specific configurability and channel range requirements necessary for long-range testing.
This motivated the development of a custom UWB board tailored to the objectives of this work.

4.3.2 Amplifier Evaluation

Two commercially available amplifier modules sourced from Chinese suppliers were evaluated.
Both claimed operation up to 6 GHz and were selected based on the requirement of achieving a
minimum gain of 20 dB in the 3-5 GHz frequency range. The gain requirement was driven by
the need to maximize transmission range. If necessary, the signal level could be reduced using
external attenuators.

In general, it was observed that most low-cost amplifier modules are only rated up to 6 GHz.
Above this frequency, available options become limited, and prices increase significantly. For
this reason, lower UWB channels (1-4) in the 3-5 GHz range were preferred for cost-effective
testing.

The first tested module, marketed as a "Signal Power Amplifier Board", is shown in Figure 4.3
The advertised specifications are listed in Table {.1]
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Table 4.1: Electrical and functional characteristics of SM—6GHz RF amplifier module

Parameter Specification
Operating Frequency 5-6000 MHz
Amplifier Gain 20dB

Maximum Output Power | +21 dBm (100 mW) @ 1dB compression point
Power Supply Voltage 5VDC

Operating Current 85 mA (typical)
System Impedance 500
Dimensions 34mm x 25 mm (1.33 x 0.98)

Figure 4.3: Signal Power Amplifier Board

Although the advertised gain appeared suitable (17-20 dB across 3—5 GHz), actual perfor-
mance measurements using an R&S® ZND Vector Network Analyzer in range of 3-5GHz,
calibrated with the SDR-Kits SMA calibration kit[28]], revealed a different result. The measured
Sp1 parameter is shown in Figure .4
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S21 Parameter - Magnitude vs Frequency

—— 521 Magnitude (dB)
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Magnitude (dB)
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Figure 4.4: Measured S5; parameter (Gain)

The results show gain fluctuation across the frequency range. As UWB signals occupy a wide
bandwidth, consistent gain across the entire spectrum is essential for preserving signal integrity.

A second amplifier module, marked NWDZ, was also tested (see Figure @I@[} Its
advertised specifications are shown in Table [4.2]

Figure 4.5: Amplifier NWDZ
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Table 4.2: Electrical and functional characteristics of MMIC RF amplifier module (A49T)[29]

Parameter Specification

Power Supply Voltage +5 VDC (no dropping resistor required)
Operating Current 75 mA (typical)

Amplifier Gain 20dB @ 2GHz

Maximum Output Power | +20dBm @ 1 dB compression point (2 GHz)
Input Signal Limit Less than +10 dBm (distortion above this level)
Bandwidth 50 MHz — 6 GHz (gain varies by frequency)
Input/Output Impedance | 50 €2

Noise Figure 4.1dB @ 1GHz

Despite promising specifications, measured performance again deviated from the advertised
values. The Sy; parameter measurement is shown in Figure 4.6

S21 Parameter - Magnitude vs Frequency (RF-AMP2.0)

8t S21 Magnitude (dB)

Magnitude (dB)

3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00
Frequency (GHz)

Figure 4.6: Measured S2; parameter of second amplifier

The testing configuration was identical to the previously described setup. Measurement
results show gain variation. Notably, the amplifier exhibited negative gain values from 4.4
to 4.8 GHz, suggesting a defective or damaged module. So, these observations confirm that
commercially available amplifier modules do not fulfill the required specifications. Therefore, a
custom-designed amplifier is necessary.

4.3.3 Antenna Performance Assessment

The objective was to identify an omnidirectional antenna with an S11 parameter below —10dB
in wanted frequency range.

Multiple commercially available antennas were evaluated. Two antennas from the manufac-
turer Deepace were selected for further study, shown in Figure 4.7 and Figure 4.8] Manufacturer
specifications are listed in Table
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Table 4.3: Specifications of DEEPACE Wideband Omnidirectional Antennas

Parameter DEEPACE vl DEEPACE v2

Frequency Range | 3.1-9 GHz 2.8-11GHz

Polarization Mode | Linear Linear

Rated Gain 2dBi 3.8 dBi

Return Loss 10dB 10dB

Power Capacity SW 5W

Connector Type SMA-K SMA-K

Mechanical Size 35 mm x 22 mm (excluding connec- | 30 mm x 42 mm (excluding connec-
tor) tor)

Directionality Omnidirectional Omnidirectional

Figure 4.7: Deepace UWB-1 Antenna

Figure 4.8: Deepace UWB-2 Antenna

No radiation pattern data was provided by the manufacturer, apart from the stated omnidirec-

tional nature and gain values (2 dBi and 3.8 dBi, respectively).

S11 measurements were carried out using an R&S® ZND Vector Network Analyzer
in the 3-5 GHz range. The setup was calibrated using the SDR-Kits SMA calibration kit[28]].
Measurement bandwidth was 10 kHz and power level was set to 3 dBm. (Note: Although the

measurement image indicates that calibration was off, it was in fact active during measurement.)
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The measured results are shown in Figures 4.9/ and @.10}

Tre2 511 dB Mag 5 dB/Ref 0 dB Cal Off 1
M1 853.460000 MHz
0dB <
11
Ch1 Start 3 GHz Pwr 3 dBm Bw 10 kHz Stop 5 GHz

Figure 4.9: Measured S11 parameter for Deepace UWB-1

Trc2

511 dB Mag 5 dB/ Ref 0 dB Cal Off 1

0dB

A

Ch1 Start 3 GHz Pwr 3 dBm Bw 10 kHz Stop 5 GHz

Figure 4.10: Measured S11 parameter for Deepace UWB-2

As shown in Figure [4.9] the UWB-1 antenna is matched between 3.15-3.6 GHz. Outside this
range, the return loss exceeds —10 d B, contradicting the given specifications for the antenna and
making the use of this antenna non-ideal.
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In contrast, the UWB-2 antenna (Figure 4.10) shows it is matched better the in working
frequency range. However, the S11 values fluctuate significantly, with a sharp dip to —27 dB at
3.45 GHz. An antenna offering more uniform S11 behavior across the 3-5GHz band is desirable.

In conclusion, neither antenna provides a consistant S11 response across the desired bandwidth.
The antennae could be used but they would be non-ideal. A more broadband and impedance-stable
antenna design is required. Additionally, relying on commercially available antennas introduces a
dependency on the manufacturer, which may hinder reproducibility if the antenna design changes
or becomes unavailable.

4.4 Justification for Custom Design

Commercially available UWB modules, such as the DWM1000 and DWM3000, are limited by
integrated antennas and restricted channel support. Additionally, other platforms either lacked
necessary documentation, had high cost, or showed limited hardware configurability.

Amplifier modules sourced from low-cost suppliers were tested, but both exhibited significant
gain variation across the 3—5 GHz band. This is unacceptable for goal of this thesis to test
the range of the UWB radio. Despite promising specifications, none of the tested amplifiers
performed as expected.

Similarly, antenna evaluations revealed that neither tested model maintained consistent S11
values across the required frequency band. UWB-1 failed to meet basic bandwidth specifications,
and while UWB-2 provided broader coverage, its return loss varied significantly. Given these
limitations—and to ensure full control over design, performance, and supply chain—a custom
antenna was developed.

Due to the limitations of available modules, amplifiers, and antennas, a custom deisgned
system is necessary to be developed this allows the system to be as known as possible.

4.5 Design and Development of Custom Components

This section provides a detailed overview of the developed components for UWB extended-range
communication. The electronics design was in Altium (version 2025.04) and for programming
STM32CubelDE (version 1.14.0) was used.

4.5.1 Custom UWB Board

Several UWB transceiver chips were evaluated to determine the most suitable option for a custom
design.

The considered UWB chips include the DW 1000, DW3000, QM33120W, SR1010, and
SR1020. Some chips, such as NXP’s SR040, were excluded due to lack of availability through
public electronic distributors. Table[d.4] presents a comparison of the transceivers, highlighting
specifications such as supported channels, data rates, and pricing. In addition, availability of
development resources (SDKs, libraries, documentation) is also taken into concideration.
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Table 4.4: Comparison of UWB Transceivers (IEEE Channels and Specs)

Transceiver | Supported Channels | Supported Data Rates | Price (EUR)
(IEEE)
DW1000 Channels 1-5, 7 110 kbps, 850 kbps, 6.8 | €10.5
Mbps

DW3000 Channels 5, 9 850 kbps, 6.8 Mbps N/A (Not publicly listed)
QM33120W | Channels 5, 9 850 kbps, 6.8 Mbps €12.1

SR1010 Channels 14! 1 kbps to 10 Mbps? €6.60

SR1020 Channels 5-11' 1 kbps to 10 Mbps? €6.60

! Estimated channel mappings based on IEEE 802.15.4 frequency allocations and datasheet
frequency ranges[35]].

2 Data rate derived from fixed 20.48 Mbps symbol rate and modem features including OOK
modulation, differential encoding, and punctured FEC (rates 1.0, 1.33, 1.66, 2.0); effective data
rate depends on packet format and FEC.

From the comparison, two transceivers stand out: the DW1000 and the SR1020. Both offer
wide channel support and relatively low cost. Among these, the DW 1000 was selected for the
custom UWB board due to its mature development ecosystem. It has a well-documented API
and STM32 examples, online resources and community support.

The DW 1000 communicates via SPI. Therefore, the selected microcontroller must support
SPI (at 3.3 V) and include a USB interface to enable communication with a computer. Since
STM32-based examples for the DW1000 exist a STM32 MCU (STM32F103C8T6TR) was
chosen.

Figure 4.11: Developed UWB board Figure 4.12: Developed UWB board
in Altium in real life
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Figures{d.11T|and[.12|show the developed UWB board as designed in Altium and its physically
assembled version, respectively. The board underwent two iterations (versions 0.0 and 0.1).
Between these iterations, the primary modifications involved changes to the PCB stack-up, minor
bug fixes, and improvements to board configurability. The overall system architecture of the
developed board is presented in Figure 4.13]

+5V Ext I
xterna

> from USB Vcc pad

0'cdsn

l |

3.3V 1.8V

v

USB2.0
STM32F103C8T6TR [€&—— I(max) = 50mA
SPI

l(max) = 70mA I(max) = 210mA

SPI
DW1000
SIGNAL BALANCED

BALUN (—)O SMA - off board connector

Figure 4.13: UWB board top-level architecture showing power distribution and interfaces

A A

JLCPCB was selected as the manufacturer based on previous positive experiences, competitive
pricing, and suitable manufacturing capabilities. A four-layer PCB (stack-up JLC04161H-7628)
was chosen. The proximity of the ground plane (top most internal layer) to the signal layer
(top layer) allowed narrower traces, facilitating a 50 2 characteristic impedance. A two-layer
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design would have required significantly wider traces. The manufacturer’s impedance calculator
determined a 50 €2 transmission line trace width of 0.349 mm.

Voltage regulators TLV75518PDBVR and MIC5219-3.3YMS5-TR were selected for generating
the 1.8 V and 3.3 V rails, based on their current capabilities and low-noise characteristics.

On the USB interface, a ferrite bead was included to reduce high-frequency noise. Bulk
capacitors with relatively high capacitance values were added for improved voltage stability.
Series termination resistors (22 §2) were placed on the USB data lines for proper termination,
and a 1.5k€2 pull-up resistor was included on the USB D+ line to comply with the USB 2.0
specification.

For programming and debugging, a TAG connector compatible with the STLINK-V3 and
the TC2030-CTX-NL-STDC14 cable was integrated. Debugging LEDs were also included to
visually verify power status; these LEDs could be omitted in future revisions to reduce power
consumption.

Communication between the STM32 microcontroller and the DW1000 transceiver was
implemented via SPI, with 22 () series termination resistors to maintain signal integrity. The
chip-select (CS) line included a 10 kS2 pull-up resistor.

At the DW1000 RF output, a balanced transmission line with a target impedance of 100 €2 per
trace was implemented. The manufacturer’s impedance calculator yielded a required trace width
of 0.272 mm with the spacing of 0.407 mm. However, due to physical constraints imposed by the
DW1000 package, the practical trace width was reduced to 0.175 mm, resulting in an impedance
mismatch. The balanced differential signal was converted to a 50 €2 single-ended output using a
BAL-UWB-01E3 balun. The resulting single-ended signal was output via an SMA connector.

Four additional LEDs were included for debugging DW 1000 operations, indicating transmis-
sion (TX), reception (RX), start frame delimiter (SFD) detection, and successful packet reception
(RxOK). Additionally, a dedicated pad was included to optionally enable or disable an external
amplifier if deemed necessary.

The board was assembled manually by applying solder paste using a stencil, followed by
component placement and solder reflow using a reflow oven.

Complete design documentation, including schematic diagrams, PCB layouts, and the bill of
materials, are provided in the appendices (Appendix — I. UWB Board Schematic, Appendix — I1.
UWB Board PCB Layout, Appendix — I11. UWB Board Bill of Materials).

4.5.2 Custom Amplifier

Amplifier Requirements

The design requirements are summarized in Table 4.5]
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Table 4.5: Amplifier Design Requirements

Parameter Specification

Max Voltage 5V

Gain As high as possible
Frequency Range 3 GHz -5 GHz
Input/Output Impedance | 50 €2

A suitable component for this purpose is the Renesas F1485 amplifier, which meets all design
requirements.

Manufacturer Specifications

Table 4.6: Renesas F1485 RF Amplifier Specifications [36]

Parameter Value

Frequency Range 2.3 GHz -5.0 GHz
Gain 36.5dB @ 3.6 GHz
Noise Figure (NF) 3.8dB @ 3.6 GHz
Output Power at 1 dB Compression (OP1dB) | 27 dBm @ 3.6 GHz

Gain variation across frequency bands is provided in Table 4.7]

Table 4.7: Gain Variation across Frequency Bands [36]

Frequency Range (MHz) | Gain Variation (dB)
2300 - 2700 0.25
3300 — 3800 0.10
3800 — 4200 0.40
4400 - 5000 2.80

From Table gain flatness increases at higher frequencies. The goal is to keep this value
as low as possible to ensure linear gain.

Custom Amplifier Design

A custom RF amplifier was designed based on the Renesas F1485 amplifier, suitable for UWB
within the frequency range of 3—5 GHz. Initial component values were selected according to
guidelines provided by Renesas in the F1485 Wideband Application Note.

The PCB layout was implemented in Altium Designer. Manufacturing was done by JLCPCB.
It was selected due to cost-effectiveness and previous experiences with their production. To know
transmission line impedances a specific PCB stack-up "JLC04161H-3313" was used. According
to the manufacturer’s impedance calculator, a trace width of 0.1565 mm was determined to achieve
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a characteristic impedance of 50 €). This relatively narrow trace width was also advantageous
due to the compact dimensions of the amplifier package.

SMA panel edge male connectors were used at the edges of PCB for connecting the signal
path. Although a SMA female connector is shown in the initial Altium rendering (Figure {.14),
in the real life version(Figure 4.15)) male connectors were chosen due to their availability. SMA
female-to-female connectors were used to tie things togheter.

Component packages of size 0402 were selected for passives to minimize parasitics. Ad-
ditionally, multiple zero-ohm resistors and Do-Not-Populate placeholders for capacitors were
included in the design to allow for flexibility during testing.

Through iterative tuning, it was determined that inserting a 2 pF capacitor in series and a
parallel to ground 33 pF capacitor at the amplifier input provided the best results. S11 was
sacreficed for the gain to be as uniform as possible. This could be futher improve upon in the
future.

In the prototype configuration, the amplifier biasing pins Vi, Vier, and STBYb were
interconnected.

The schematic diagram, detailed PCB layout, and complete BOM for the amplifier board are
provided in the appendix for reference:

* Appendix — IV. Amplifier Schematic
* Appendix — V. Amplifier PCB Layout

* Appendix — VI. Amplifier Bill of Materials

Figure 4.14: Custom amplifier design Figure 4.15: Developed UWB amplifier in
in Altium real life
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This design was ordered and tested. The measured current consumption at 5 V supply was
0.108 A.

The amplifier Scatter parameters were measured using an R&S® ZND Vector Network
Analyzer in the 3—5 GHz range. Calibration was performed with the SDR-Kits SMA calibration
kit. Measurement bandwidth was 10 kHz and the signal power was set to —14.32 dBm.

S-Parameter Results

S11

S11 Magnitude (dB)

DW1000 Channel 1 to 4 Range
—-2.25¢

—-2.50F
=275

-3.00

Magnitude (dB)

-3.25¢

-3.50

-3.751

3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00
Frequency (GHz)

Figure 4.16: S|; magnitude response at amplifier input

Si1 measured —2.76 dB + 0.48 dB. Ideally, values below —10 dB are preferred, but in this design,
matching was sacrificed to prioritize gain linearity. Matching was tuned using a 2 pF series and
33 pF parallel capacitor.

32



®

Trcl

3/18/2025 12:00:52 PM
1328.5170K92-101024-ix

511 Smith 200 mU/ Ref 1 U Cal

1

M1 3.000000 GHz 7518 Q

-§39.478 mQ
1.343812 nF

M2 3.365800 GHz 6.571 Q

6.221 Q
294.184766 pH

M3 3.894600 GHz 8.122 Q

j11.512 Q
470.430026 pH

448917800 GHz 12,181 Q

j16.633 Q
538.295082 pH

Ch1 Center 4 GHz

Magnitude (dB)

-60

—65

-85

-90

——— S12 Magnitude (dB)
77/ DW1000 Channel 1 to 4 Range

Pwr -14.32 dBm Bw 10 kHz
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Figure 4.18: S, magnitude response—reverse isolation
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Reverse isolation S;, averaged —67.61 dB + 4.10 dB. A spike to —-94 dB at 3.375 GHz was
observed, but it does not play a role in this use case.
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Figure 4.19: S,; magnitude response—forward gain

S,1, representing forward gain, averaged 25.50 dB + 0.52 dB. This indicates good gain
flatness, aligning with the expected range from the manufacturer’s specifications.
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Figure 4.20: S,, magnitude response at output
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Output reflection S, averaged —6.22 dB + 2.84 dB. A sharp dip is caused by suboptimal LC
network selection.
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Figure 4.21: S,, Smith chart—inductive output

The S,, Smith chart confirms the output is too inductive. Future improvements will focus on
improving output matching through better inductor and capacitor selection.

4.5.3 Custom Antenna Design

The custom antenna was based on the super wideband pentagonal structure proposed in “Split—ring
resonator loaded pentagon antenna for super wide band communications” [37]. However, the
full set of properties discussed in the original paper was not required for this application. The
design was therefore simplified while retaining the core geometry.

Antenna Design and Simulation

Design and simulation were conducted using COMSOL Multiphysics (v5.2) with the RF Module.
The design target was operation in the 3—5 GHz range.

The initial geometry values were derived from a quarter-wavelength resonator corresponding
to the lowest frequency of interest:
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Assuming an effective resonator height h = 25 mm, the side length .S of a regular pentagon
was calculated as follows:

2 2x25 50

This value was used as a lower bound in geometry optimization.

S ~ 16.24 mm

Substrate and Material Properties:
The antenna was simulated on a PTFE-based substrate with the following parameters:

e Dielectric constant: &, = 2.94
¢ Substrate thickness: 0.76 mm

Material specifications were obtained from the PCB manufacturer JLCPCB).

Optimization Procedure:
A two-stage hybrid optimization approach was applied:

1. Global search: Monte Carlo sampling identified promising regions in the parameter space.
2. Local refinement: Nelder—-Mead algorithm to futher minimize the S;; parameter.

The optimization objective was to minimize the sum of squared deviations from ideal Sy,
behavior over the frequency range 3—5 GHz, sampled at 0.1 GHz intervals:

5 GHz
ObjectiveFunction : min Y. (20— |S11(f)])?
f=3 GHz

The parameters optimized to achieve the lowest S;; values were the pentagon side length (.5),
ground slot length (L), ground plane length (L), and feedline length (L ).

The optimized antenna geometry is illustrated in Figures §.22]and [4.23] The values are shown
in Table
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Figure 4.22: Optimized antenna geometry — top view

Figure 4.23: Optimized antenna geometry — bottom view
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Table 4.8: Optimized antenna geometry values

Parameter Value (mm)
Pentagon side length (.5) 26.5
Ground slot length (L) 6.0366
Ground plane length (L) 9.2879

Feedline length (L) 10.349
Substrate width (V) 50
Substrate length (L) 45
Slot radius (R;) 7.349
Slot width (W) 2.5
Ground width (W) 17.9

Ground slot radius (R») 6.2879

This produced the following radiation patterns that are shown in figures [4.24|4.254.26| and
4.27

Far Field: Farfield gain, dBi o
a0° 3 3E9 GHz
105* 75° —. 4E9 GHz
120° " — ] __"---.______ o - SE9 GHz
1350 7 . o &
& ™ . e -
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1s0° /% NRE
165° | Y o1se
|I I|
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180° | o
| |
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195° 3450
210 7 330°

° 285°
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Figure 4.24: Simulated radiation pattern — top view
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freq(l)=3E9 Far Field: Farfield gain, dBi (1)

Figure 4.25: Simulated radiation pattern — Far field at @ 3 GHz
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freq(l1)=4E9 Far Field: Farfield gain, dBi (1)

Figure 4.26: Simulated radiation pattern — Far field at @ 4 GHz
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freq(21)=5E9 Far Field: Farfield gain, dBi (1)
| || -10

Figure 4.27: Simulated radiation pattern — Far field at @ 5 GHz

Manufacturing

After the antenna was simulated and optimzed the antenna was manufactured. Real-world
implementation of the antenna is shown in Figure #.28] and Figure #.29]
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Figure 4.28: Manufactured antenna front view  Figure 4.29: Manufactured antenna back view

The measured and simulated Si; parameters are compared in Figure d.30, The UWB
channels highest and lowest frequencies are highlighted. Measurements were conducted using an

R&S® ZND Vector Network Analyzer , calibrated with an SDR-Kits SMA calibration kit
[28].
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Figure 4.30: Simulated vs measured S;; parameters

Performance Summary:

* Simulated S1;: -12.42 dB +£2.38 dB
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e Measured Si;: -15.23 dB +2.18 dB

While the measured and simulated results generally align in trend, a noticeable difference
of several dB is present. This discrepancy is likely due to imperfections in the SMA connector
region, which were not included in the simulation. Nonetheless, the overall correspondence
confirms the prototype was manufactured in closely to the simulated one.

4.6 Summary

Evaluation of commercially available UWB modules, amplifiers, and antennas revealed limitations
in configurability, frequency coverage, linearity, and impedance matching. These constraints
made them unsuitable for long-range UWB experimentation.

To overcome these issues, custom components were designed, including a UWB transceiver
board based on the DW 1000, a high-gain RF amplifier based on Renesas F1485, and pentagonal
antenna optimized for performance in the 3—-5 GHz range.

The custom design approach ensures full control over signal path and hardware flexibility.
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S5 Testing

To evaluate the practical range capabilities of the UWB system under realistic outdoor conditions
tests were performed. All tests were cordinated with the Estonian frequency allocation authority
(Consumer Protection and Technical Regulatory Authority). A special frequency permit (SLM-
25-0142) was given out for the testing.

5.1 Hardware setup

Figure 5.1: TX testing setup Figure 5.2: RX testing setup
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Figure[5.1]illustrates the transmitter testing setup. The entire assembly was mounted on a tripod
(A) to ensure stable positioning during measurements. Power was supplied by a UPS, which
provided a regulated 5V output with a maximum power of 15W [38]]. Electrical connections
were made using WAGO 3-way lever connectors.

The ultra-wideband board (C) was connected to the power amplifier (D) via SMA connectors.
As both the UWB board and the amplifier featured male SMA connectors, a female-to-female
SMA adapter was employed to bridge the connection. For signal attenuation during testing,
attenuators (E) were inserted in the signal path[39]. Finally, the amplified signal was radiated
through the antenna (F), completing the setup.

Figure [5.2] shows the receiver testing setup. The receiver system was mounted on a bicycle,
which allowed the operator to quickly increase the distance to the transmitter during ranging
tests. The antenna (I) was connected to the UWB board (II), which handled signal reception.
Data received by the UWB board was transmitted via a USB connection (III) to a computer (IV),
where it was displayed in real-time using the CoolTerm serial monitor [40].

5.2 Software setup

On the software side the transmitter configuration used during the testing was as follows:

static dwt_config_t config = {
1, /* Channel number. */

DWT_PRF_64M, /* Pulse repetition frequency. */

DWT_PLEN_4096, /* Preamble length. Used in TX only. */

DWT_PAC64, /* Preamble acquisition chunk size. Used in RX
only. */

9, * TX preamble code. */

<

/

/* RX preamble code.
1, /* Non-standard SFD. */
DWT_BR_110K, /* Data rate. */
DWT_PHRMODE_STD, /* PHY header mode. */

(4096 + 64 - 64 + 1) /* SFD timeout. Used in RX only. */

Listing 5.1: UWB Configuration Used in Tests

This configuration prioritized extended-range communication. The parameters were specif-
ically selected based on recommendations from the DW 1000 user manual[22] and practical
considerations, as described below:

¢ Channel Number:
The channels were varied based on the tests. More on that later.

* Pulse Repetition Frequency (PRF = 64 MHz):
A PRF of 64 MHz was selected to maximize receiver sensitivity. Although higher PRF
consumes more power, it enhances correlation performance by increasing the number of
pulses available for the receiver to integrate, thus improving detection.
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* Preamble Length (4096 symbols):
A preamble length of 4096 symbols was chosen to further enhance sensitivity. Longer
preambles increase transmission duration and provide the receiver with a greater number
of known symbols for correlation. During preliminary testing, shorter preambles resulted
in higher bit error rates and reduced communication reliability, confirming that longer
preambles improved overall performance.

* Preamble Acquisition Chunk Size (PAC = 64):
The PAC value of 64 was selected based on the preamble length (4096 symbols), as
recommended in the DW 1000 user manual.

¢ TX/RX Preamble Codes (Code 9):
Both transmitter and receiver preamble codes were set to code 9, as advised by the DW 1000
user manual for configurations utilizing a 64 MHz PRF.

* Data Rate (110 kbps):
A low data rate of 110 kbps was intentionally selected due to its significantly better receiver
sensitivity compared to higher data rates (e.g., 6.8 Mbps). Lower data rates extend bit
duration, allowing the receiver more time to integrate the signal, improving detection
probability in extended-range scenarios. This effect is clearly illustrated in the DW 1000
datasheet, reinforcing the decision to prioritize sensitivity over throughput[22].

 PHY Header Mode (Standard) and SFD Timeout:
These parameters were left at standard recommended settings, as their effect was considered
minimal.

This parameter set allowed for highest range.
During testing, the transmitter periodically sent a predefined message at approximately 420 ms
intervals. The transmitted frame structure was defined as follows:

static uint8 tx_msg[] = {0xC5, 0x00, 'T’, ’E’, 'S’, 'T’, 0x00, 0x00};
Listing 5.2: Transmitted UWB Frame

The receiver was specifically configured to accept all frames, including those with errors
(broken frames). Broken frames are defined as frames exhibiting errors that indicate corruption
during transmission. To achieve this, the receiver monitored the DW 1000 system status register
(SYS_STATUS_ID), configured as:

while (!((status = dwt_read32bitreg(SYS_STATUS_ID)) &
(SYS_STATUS_RXFCG | SYS_STATUS_ALL_RX_ERR)));

Listing 5.3: Receiver Frame Acceptance Logic

Where the error mask (SYS_STATUS_ALL_RX_ERR) is defined as:

#define SYS_STATUS_ALL_RX_ERR (SYS_STATUS_RXPHE | SYS_STATUS_RXFCE |
SYS_STATUS_RXRFSL | SYS_STATUS_RXSFDTO | SYS_STATUS_AFFRE] |
SYS_STATUS_LDEERR)
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Listing 5.4: RX Error Mask Definition
Each status bit has the following meaning, according to the DW1000 user manual[22]:

* SYS_STATUS_RXFCG: Receiver FCS good (valid checksum)

SYS_STATUS_RXPHE: PHY header error

SYS_STATUS_RXFCE: Frame checksum error (FCS error)

SYS_STATUS_RXRFSL: Receiver Reed Solomon frame length error

SYS_STATUS_RXSFDTO: Receiver SFD timeout

SYS_STATUS_AFFREJ]: Automatic frame filtering rejection

SYS_STATUS_LDEERR: Leading edge detection error

Bit Error Rate (BER) was calculated only for frames with the correct expected length (8
bytes). To exclude the two checksum bytes (FCS), only the first 6 bytes of payload data were
evaluated. The calculation was performed using the bitwise XOR operation to detect differences
between received and expected messages:

for (int i = 0; i < EXPECTED_FRAME_LEN - 2; i++) {
uint8_t rx_byte = (i < frame_len) ? rx_buffer[i] : 0x00;
uint8_t xor_byte = rx_byte * expected_msg[i];
for (int b = 0; b < 8; b++) {
if (!(xor_byte & (1 << b))) {
match_bits++;

float ber = 100.0f * (1.0f - (float)match_bits / expected_bits);
Listing 5.5: Bit Error Calculation

Here, match_bits represents the count of matching bits, and expected_bits is the total
number of bits evaluated (48 bits for the 6-byte payload). The resulting BER percentage shows
the proportion of incorrect bits received in the transmitted frames. This provides a quantitative
measure for bit errors.

5.3 Testing Conditions and Methodology

The objective of the testing was to determine the maximum practical communication range of
the custom UWB system under real-world outdoor conditions. The transmitter (TX) remained
stationary and continuously broadcasted packets at fixed intervals of approximately 420 ms. The
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receiver (RX) was gradually moved away from the TX, and at each arbitrary test point, the
reception of valid data packets was manually verified.

At each location, the RX was held for 120 seconds. During this period, if at least one
valid/invalid data packet, the distance was considered valid and testing continued at a further
location. If no packets were received within the observation window, the RX was moved back
to the last location where successful reception occurred, and that position was recorded as
the maximum communication range. All distance measurements were recorded using the Geo
Tracker [41] application.

To improve packet detection, the RX antenna was manually rotated during each test interval,
introducing possible reception variation. This action was not standardized, and the extent to
which it influenced results is unknown, as the real-world radiation pattern of the antenna is not
characterized.

The elevation of the RX varied slightly due to terrain, with an estimated maximum variation of
+3 meters. The TX, however, was fixed in both position and elevation throughout the experiment.
The 2-minute observation period was arbitrarily chosen.

The criteria for accepting a range as valid was the successful reception of at least one data
packet. BER was not used as a limiting factor, as no bit errors were observed at longer distances;
instead, packet loss became the primary constraint.

5.4 Results

5.4.1 Effect of Amplification

To evaluate the effect of transmit power on communication range, tests were conducted using
the custom UWB board both with and without amplification. Without the amplifier, the system
achieved a maximum range of approximately 70 meters. This is lower than the range of up to
290 meters specified in the DW 1000 datasheet for a 110 kbps data rate[22]]. With the amplifier,
three attenuation settings were tested: 20 dB, 10dB, and 0 dB.

All attenuation tests were performed on UWB Channel 1, which has a bandwidth of 499.2 MHz.
The DW1000 transceiver provides programmable transmit power, with typical default output
power spectral density in the range of —39 to —35 dBm/MHz [22]. With a measured amplifier
gain of 25.5dB + 0.52 dB, the effective output power at the antenna port (neglecting cable and
connector losses) is shown in Table[5.1]

The default transmit power register value is 0x1EQ80222, which corresponds to an output of
approximately —14 dBm. This value is specified also in the product brief[42]. This is based on
Decawave’s default values[22]].

The measured impact of transmit power on communication range is summarized in Table[5.1]
As expected, increased attenuation leads to reduced range.
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Table 5.1: Amplifier Attenuation, Output Power and Measured Maximum Range (Channel 1)

Attenuation (dB) | Output Power (dBm) | Max Range (m)
20 -8.5 289
10 1.5 580
0 11.5 1290

5.4.2 Channel Comparison

Following the evaluation of transmit power effects on range, additional tests were carried out
to compare the range performance across different UWB channels. All measurements were
conducted using the same test environment, antenna setup, and with 0 dB attenuation (maximum
amplification scenario). The purpose of this comparison was to observe how different UWB
frequency bands affect propagation characteristics and maximum achievable range.

Channels 1 to 3 utilize frequencies in the 3.5-4.5 GHz range with a 499.2 MHz bandwidth. Al-
though Channel 4 nominally spans a wider 1331.2 MHz frequency range centered at 3993.6 MHz,
the DW1000 transceiver was not reconfigured to use the optional 900 MHz receive bandwidth
mode. Therefore, the default 499.2 MHz bandwidth setting was used for both transmission and
reception [43].

Longer ranges generally benefit from lower frequencies due to reduced free-space path loss.
In this case, Channel 4 significantly outperformed the others, reaching a maximum measured
distance of 2.63 km under line-of-sight conditions. This is likely due to better matching with the
antenna and amplifier system used.

Table [5.2] summarizes the observed maximum range for each tested channel.

Table 5.2: Range Comparison Across Channels (0 dB Attenuation)

Channel | Max Range (m)
1 1290
2 1200
3 1100
4 2630

5.4.3 Observations

BER was observed to be relatively high at short ranges, specifically when the distance between
the transmitter and receiver was less than 50 meters both with and without the amplifier. This can
be likely attributed to environmental reflections. Another possible explanation is that amplifier
at the receiver may have been overloaded at these short distances. The exact cause remains
undetermined.

At longer distances, near the system’s maximum communication distance, packet loss emerged
as the primary limitation. However, the packets that were successfully received did not have
any bit errors. This behavior shows an abrupt transition between fully reliable reception and
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complete communication failure. One potential explanation is the short packet length used during
testing — only 8 bytes, of which a large portion constituted protocol overhead. This high relative
overhead may have contributed to the observed transmission characteristics. Further investigation
is required to confirm this hypothesis.
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6 Conclusion

This thesis demonstrated the feasibility of using UWB radio for extended-range communication
in outdoor environments. A custom platform was developed, consisting of a DW1000-based
transceiver, a high-gain power amplifier, and an antenna. Field tests showed that with proper
hardware design and configuration, communication distances of up to 2.6 km can be achieved—far
exceeding typical UWB usage ranges.

Throughout testing, the bit error rate remained low at long distances. The main limiting
factor was packet loss, which became dominant near the system’s maximum range. Notably,
successfully received packets contained no bit errors, indicating a sharp transition from reliable
communication to complete loss. This suggests that UWB signal integrity is preserved until the
signal drops below the reception threshold.

Future work could include characterization of the antenna’s radiation pattern and evaluation
under controlled multipath conditions. Further improvements may also involve real-time
localization and multi-node communication in more dynamic scenarios.

In summary, UWB can be effectively used for extended-range outdoor communication. The
platform developed here offers a practical and flexible basis for further applied research and
system development.
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II. UWB Board PCB

Top, Inner 1, Inner 2, Bottom and Overlay layers are shown.
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III. UWB Board Bill of Materials

Name Description Designator(s) Qty
CL32B475KBUYNNE | CAP CER 4.7UF 50V C300, C400, C402 3
X7R 1210
0603B471K101CT CAP CER 470PF 100V C404 1
X7R 0603
0805ZC105KAT4A CAP CER 1UF 10V X7R | C500, C501 2
0805
06035C104MAT2A CAP CER 0.1UF 50V C502, C600, C601, C602, 25
X7R 0603 C603, C604, C605, C606,
C608, C612, C613, C616,
C618, C621, C622, C625,
C626, C629, C700, C701,
C702, C703, C704, C705,
C706
06035A821JAT2A CAP CER 820PF 50V C607 1
COG/NPO 0603
06035A180JAT4A CAP CER 18PF 50V NPO | C609 1
0603
06035A1R2K4T2A CAP CER 1.2PF 50V C610 1
COG/NPO 0603
06035A270JAT2A CAP CER 27PF 50V C611 1
COG/NPO 0603
06035C103KAT2A CAP CER 10000PF 50V | C614 1
X7R 0603
06033C222JAT2A CAP CER 2200PF 25V C615 1
X7R 0603
T494B476K010AT CAP TANT 47UF 10% co617 1
10V 1411
06035C331K4T2A CAP CER 330PF 50V C619, C623 2
X7R 0603
06035A100JAT2A CAP CER 10PF 50V C620, C624 2
COG/NPO 0603
12 pF CAP CER 12PF 100V C627, C628 2
COG/NPO 0603
SML-D12Y8WT86 LED YELLOW D302, D400, D600, D601, 7

BLMI18KGI121TN1D

DIFFUSED 0603 SMD
FERRITE BEAD 120
OHM 0603 1LN

D602, D603, D700
FB300
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Name Description Designator(s) Qty

BAL-UWB-01E3 Filter FL900 1

105017-0001 Micro-USB B Receptacle, | J300 1
Right Angle, Bottom
Mount, Surface Mount,
with Solder Tabs, -30 to 85
degC, 5-Pin USB, RoHS,
Tape and Reel

TAG connector nan J700 1

CON-SMA-EDGE-S CONN SMA JACK STR | J1000 1
EDGE MNT

RMCF0603FT10K0 RES 10K OHM 1% 1/10W | R200, R700 2
0603

ERJ-3EKF22R0V RES SMD 22 OHM 1% R201, R202, R203, R204, 5
1/10W 0603 R205

1.5 kOhms RES SMD 1.5K OHM 1% | R206 1
1/10W 0603

0 Ohms RES 0 OHM JUMPER R207, R208, R703 3
1/10W 0603

100 kOhms RES SMD 100K OHM 1% | R209 1
1/4W 0603

CRO603-JW-562ELF RES SMD 5.6K OHM 5% | R300 1
1/10W 0603

CRCWO06031K10FKEA | RES SMD 1.1K OHM 1% | R400, R701 2
1/10W 0603

CRCWO060316KOFKEA | RES SMD 16K OHM 1% | R600 1
1/10W 0603

RR0O816P-271-D RES SMD 270 OHM 0.5% | R601 1
1/16W 0603

RMCF0603FT11K0 RES 11K OHM 1% 1/10W | R602 1
0603

RMCF0603JT470R RES 470 OHM 5% 1/10W | R603, R604, R605, R606 4
0603

560 Ohms RES 560 OHM 5% 1/10W | R702 1
0603

MIC5219-3.3YMS-TR | IC REG LINEAR 3.3V U400 1
500MA SOT23-5

TLV75518PDBVR IC REG LINEAR 1.8V U500 1
500MA SOT23-5

DW1000-I-TR13 IC RF TXRX 802.15.4 U600 1

48QFN
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Crystal Oscillator

Name Description Designator(s) Qty
STM32F103C8T6TR ARM Cortex-M3 32-bit U700 1
MCU 64KB Flash 48-Pin
LQFP
ECS-TXO-20CSMV4- | Crystal or Oscillator Y600 1
384-AY-TR
831066657 831066657 WE-SPXO Y700 1

IV. Amplifier Schematics
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V. Amplifier PCB

Top, Inner 1, Inner 2, Bottom and Overlay layers are shown.
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VI. Amplifier Bill of Materials

Name Designator(s) Qty
GRM188R60J476ME15D Cl1,C3 2
GRM188Z71A106MA73D C4 1
GRM1555C1HI150JA01D C5 1
GRM1555C1HI101JAOID Co6 1
GRM155C81C105KEI11D C7 1
LQWI15AN15NG80D L1 1
LQWI15AN10NG80D L2 1
MMIC Amplifier Ul 1
Header 1x2 J1 1
SMA Connector J2 1
SMA Connector I3 1
0 Ohm Jumper R1 1
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