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1 INTRODUCTION  

1.1 Overview 

The transmit output power of the DW1000 is limited by design to a maximum value of approx. -35dBm 
/ MHz.  This is more than adequate to meet the regulatory maximum limit of -41.3dBm / MHz that 
applies in the vast majority of geographies when UWB is permitted and provide some margin to allow 
for PCB and enclosure losses.  
 
Needless to say, this restriction of output power along with the sensitivity of the DW1000 receiver 
results in a finite link budget which is the primary determinant of communications and location range – 
in the case of the DW1000 the maximum range is approximately 280 m. 
 
Certain scenarios have recently emerged, particularly in the area of first responders to emergency 
situations, where it is desirable to considerably extend this range given that the location to which the 
first responders are deployed will most likely not have any UWB RTLS infrastructure deployed so they 
will need to deploy their own when they arrive. 

1.2 Compliance with regulations 

As a result of the above, ETSI, the regulatory body in Europe, has drawn up a new standard denoted 
LAES (Location tracking Applications for Emergency Services) that applies only in the case of first 
responders and other specific use cases where the transmit power limits have been increased from 
the nominal -41.3 dBm / MHz by 20 dB to -21.3 dBm / MHz.  This represents a significant increase in 
link budget and therefore communications range. 

1.2.1 LAES compliance 

The European LAES regulations specifically restrict operation to the frequency range of 3.4 to 4.2 
GHz.  
 
In order to be fully compliant with the ETSI LAES spec it is necessary to modify the pulse shape used 
in the DW1000 transmitter so that the resulting spectrum fits correctly within the LAES spectrum 
mask.  Contact Decawave for further details on this topic. 

1.2.2 Caution advised 

While the DW1000 can be used with an external power amplifier, as detailed in this note, to increase 
transmit power by +20 dB and the DW1000 includes control signals to ease such a design, Decawave 
cannot guarantee that such levels of transmit power will be permitted in a particular geographic area 
under the regulations currently in force in that area.  
 
Before commencing a design based on this application note, the user should satisfy themselves that it 
will be legally possible to operate the final product in their end-market. 
 
Decawave accepts no responsibility should it transpire that the +20 dB transmit power level is not 
permitted in a particular geography. 
 
It is important to note also that the upper frequency range of the external amplifier used in this 
application note limits the operation of this circuit to the low-band channels (Channel 2, 3, 4) which 
may have additional regulatory implications in certain regions and in particular may require the use of 
low duty cycle operation.  Again, the user is advised to check the local regulations in their end-market. 

1.3 Hardware and software modifications 

Adding an external power amplifier to the transmitter of the DW1000 is relatively simple; the DW1000 
has been designed to provide the necessary control signals and provided the external circuitry is 
implemented with care bearing in mind the frequencies & bandwidths involved then very good results 
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can be achieved.  
 
The hardware required is discussed in section 2 while the software modifications to enable the 
operation of the external circuitry are discussed in section 3. 
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2 HARDWARE IMPLEMENTATION 

2.1 Overview 

There are basically three aspects to the use of an external power amplifier with the DW1000 as 
follows: - 
 

1. Control signals 
2. Power supplies 
3. RF circuitry and the integrity of the RF path 

2.2 Control signals 

The DW1000 provides all the signals necessary to control and enable an external power amplifier. 
The key ones are highlighted in the table below. 

Table 1: DW1000 pins associated with the control of an external PA scheme 

SIGNAL NAME PIN I/O DESCRIPTION 

GPIO5 / 
EXTTXE / 
SPIPOL 

33 DIO 

General purpose I/O pin. 

On power-up it acts as the SPIPOL (SPI polarity selection) pin for 
configuring the SPI operation mode.  For details of this please 
refer to the DW1000 data sheet and User Manual.   

After power-up, the pin will default to a General Purpose I/O pin.  

It may be configured via programming to act as EXTRXE (External 
Receiver Enable). When configured in this way, this pin goes high 
when the DW1000 is in receive mode. 

GPIO6 / 
EXTRXE / 
SPIPHA 

30 DIO 

General purpose I/O pin.   

On power-up it acts as the SPIPHA (SPI phase selection) pin for 
configuring the SPI mode of operation. Refer to the DW1000 data 
sheet and User Manual for further information.  

After power-up, the pin will default to a General Purpose I/O pin.  

It may be configured via programming to act as EXTTXE (External 
Transmit Enable). When configured in this way, this pin goes high 
when the DW1000 is in transmit mode. 

GPIO4 / EXTPA 34 DIO 

General purpose I/O pin.   

It may be configured via register programming for use as EXTPA 
(External Power Amplifier) enable.  

 

2.3 Power Supplies 

The power amplifier, when enabled, typically requires 130 mA from a 5 V DC supply rail.  This 
requires an additional supply not normally required by the DW1000.  It is important that this supply is 
sized with this current in mind and that adequate decoupling is provided to deal with turn-on transients 
as the amplifier is enabled for each transmission 

2.4 RF Path 

2.4.1 Overview / Basic scheme 

Because there is only a single RF port on the DW1000 which is used for both receive and transmit 
modes and as we wish to include an external amplifier only in the transmit path then, obviously, 
switching of the RF path is required between the DW1000 and the antenna to: - 
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• Switch in the amplifier when the DW1000 is in transmit mode 

• Provide a direct path from the antenna to the RF port on the chip when the DW1000 is in 
receive mode. 

 
The basic hardware scheme is shown in Figure 1 below.  The balanced RF interface to the DW1000 
is converted to un-balanced by the Balun.   
 
In transmit mode, the external PA is enabled via GPIO4 while GPIO5 is set to switch the RF path 
through the amplifier.  In receive mode the external PA is disabled (to save power) and GPIO5 is set 
to switch the RF path directly from the antenna to the DW1000. 

 

 
 

Figure 1: Basic scheme 

2.4.2 Detailed schematic 

The detailed schematic is presented in Figure 2 – essentially this directly implements the scheme 
shown in Figure 1. 
 
Control signals from the DW1000 are nominally 3.3 V DC so these must be level shifted into the 5V 
domain before being used to control the RF switches & the PA. 
 
Each RF switch requires two controls, one to enable the TX path and the other to enable the RX path.  
The TX path control is generated from the RX path control via inverter U5 thereby avoiding the 
possibility of both paths being enabled at the same time. 
 
The transmit path can clearly be seen as the lower RF path in figure 2 from the common RF port on 
RF-switch U8, through the RF2 port on U8, into the PA, U7, on pin3, out of the PA on pin 6, into the 
RF1 port on RF-switch U6 and finally out of the common RF port on U6 to the antenna. 
 
The receive path is the upper RF path in the schematic from the antenna through the common RF 
port on U6, through the RF2 port on U6, into the RF1 port on U8 through the RFC port on U8 and 
then to the balun. 
 
The Power Amplifier used in this implementation is a Hittite part (HMC326MS8G) with a frequency 
range of 3 to 4.5 GHz.  As such, this circuit operates only with the low band channels of the DW1000 
(Channel 2, 3, 4) and will not operate with the high band channels (Channel 5, 7). The amplifier needs 
to be specifically tuned to the desired channel of operation.  This is achieved by altering the electrical 
lengths of the traces between the amplifier output, C55 and L1 by physically moving the location of 
C55 as appropriate.  
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Note the extensive decoupling throughout – this is crucially important to the correct operation of the design. 
 

 

Figure 2. Hardware schematic 
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2.4.3 PCB layout 

It is vital to bear in mind that all of these RF lines need to operate at very high frequency (4 GHz) and with very wide bandwidth (500 MHz).  Switching RF 
signals of this type is challenging and great care must be paid to impedance matching and the avoidance of discontinuities if a significant reduction in 
performance is to be avoided. 

 
The RF path from the DW1000 to the balun is as per the DW1000 datasheet.  The unbalanced side of the balun connects directly to the RF switch using as 
short a trace as possible and without any discontinuities.  Note the tapered trace to avoid any step discontinuity.  The receive path trace width is chosen and 
referenced to one of the internal PCB ground layers so as to provide a 50 Ω match.  Similarly the path from the antenna to the antenna-side RF switch is 
similarly matched.  The matching of the path from the RF switches to / from the PA is more difficult to achieve given the different component pad widths 
involved so a best compromise must be chosen that minimises discontinuity and most closely approximates the desired match.  
 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

Figure 3: PCB Layout
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3 SOFTWARE IMPLEMENTATION 

3.1 Introduction 

There is very little software interaction required to allow the use of an external power amplifier.  
Because the DW1000 hardware supports this mode of operation, the software merely needs to 
enable the relevant portions of the hardware. 
 
From then on no further interaction is required. 
 
Enabling the hardware consists of correctly configuring the relevant GPIO pins to act as controls for 
the PA and the external RF switches as detailed in section 2.  These GPIOs are configured via the 
GPIO mode control register. 

3.2 Register programming 

The GPIO mode control register is a 32 bit register as follows: - 
 

REG:26:00 – GPIO_MODE – GPIO Mode Control Register 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

- - - - - - - - 

M
SG

P
8

 

M
SG

P
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M
SG

P
6

 

M
SG

P
5

 

M
SG

P
4

 

M
SG

P
3

 

M
SG

P
2

 

M
SG

P
1

 

M
SG

P
0

 

- - - - - - 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
The relevant fields are those that control GPIO4 & 5; MSGP4 and 5 respectively. 
 

Field Description of fields within REG:26:00 GPIO_MODE 

MSGP4 
 
reg:26:00 

bits:15,14 

Mode Selection for GPIO4/EXTPA. Allowed values are: 

00: The pin operates as GPIO4– This is the default (reset) state. 

01: The pin operates as the EXTPA output. 

10: Reserved. Do not select this value. 

11: Reserved. Do not select this value. 

MSGP5 
 
reg:26:00 

bits:17,16 

Mode Selection for GPIO5/EXTTXE. Allowed values are: 

00: The pin operates as GPIO5 – This is the default (reset) state. 

01: The pin operates as the EXTTXE output. 

10: Reserved. Do not select this value. 

11: Reserved. Do not select this value. 

 
From the above description we can see that we need to set MSGP4 to 01 and MSGP5 to 01.   

3.3 Code changes 

To program these GPIOs we proceed as follows: - 
 

1. Read the current contents of the control register 
2. OR in the desired changes for MSGP4 & 5. Examining the register details above gives an OR 

mask of 0x00014000. 
3. Write the modified value back to the control register 

 
There is one other step we need to take and that is to disable what is known as fine-grain sequencing.  
It is not necessary to go into the details of this here. Suffice to say that the DW1000 allows very fine 
control of the switching on and off of individuals blocks and circuits inside the chip to save power.  
However, if this switching was allowed to occur when using an external power amplifier incorrect 
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operation would result.  Therefore we disable it. 
 
The following code fragment illustrates the above: - 
 
This code needs to be added to deca_device.c at the end of dwt_initialise(). Please also see the 
DW1000 Software API Guide [7] for details on the functions used. 
 
 
{ 
    uint32 reg; 

        
 // Set up GPIO 

         
reg = dwt_read32bitreg(GPIO_CTRL_ID);  // read the current GPIO_CTRL_ID register  

        reg |= 0x00014000;     // set the appropriate GPIOs 

dwt_write32bitreg(GPIO_CTRL_ID,reg); // write the modified value back  

 
        //disable fine grain sequencing 
        dwt_write16bitoffsetreg(PMSC_ID, 0x26,0); 

 } 
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4 OTHER CONSIDERATIONS 

4.1 Introduction 

There are a number of effects that need to be taken into consideration when incorporating a PA into a 
node design.  

4.2 Effect on antenna delay & its calibration 

Incorporating a power amplifier and its associated RF switches into the signal path between the 
DW1000 and the antenna introduces additional delay between the time an outgoing message is 
timestamped in the DW1000 and time it leaves the antenna. Similarly in the receive path, additional 
delay is introduced by the RF switches. 
 
It is important when choosing PA and RF switch components that this additional delay remains 
constant over the expected operating parameter range (voltage, temperature) for a given channel 
otherwise the timestamps provided by the receiving DW1000 will also vary. 
 
This additional delay needs to be calibrated out during the antenna delay calibration process 
discussed in [5] & [6]. 

4.3 Receiver signal-based effects 

4.3.1 Effect on range bias & its correction  

For a given physical separation between the transmitter and receiver, when using a PA, the strength 
of the received signal level at the pins of the receiving DW1000 will be higher than if a PA is not used.  
 
This has implications for range bias correction which is discussed in detail in [4]. When correcting for 
range bias the additional gain introduced by the PA needs to be taken into account. 

4.3.2 Potential receiver saturation 

When a transmitter using a PA is in close proximity with a receiver the incident signal power at the 
receiver can be so strong as to saturate the receiver and drive it into compression. This can result in 
incorrect operation and an increase in packet error rate.   
 
Care should be taken to ensure that such a situation does not arise if a PA is being used. Systems in 
which transmitting nodes come in close proximity to receiving nodes should not use a PA or should 
dynamically alter their gain to avoid receiver saturation. 

4.4 Receiver accumulator wrap-around 

The accumulator in the DW1000 receiver that is used to accumulate and analyse the channel impulse 
response of the received signal is a fixed length circular memory buffer that is designed to 
accommodate 1 µs of channel impulse response i.e. a distance of 300 m in a Line of Sight channel.  If 
a signal is received over a path that is longer than 300 m this can cause the accumulator to “wrap 
around”.  This can give incorrect and confusing first-path timestamp results. 
 
A location system using power amplifiers in mobile tags should incorporate filtering to remove such 
incorrect first paths. 
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8 FURTHER INFORMATION 
 

Decawave develops semiconductors solutions, software, modules, reference designs - that 
enable real-time, ultra-accurate, ultra-reliable local area micro-location services.  
Decawave’s technology enables an entirely new class of easy to implement, highly secure, 
intelligent location functionality and services for IoT and smart consumer products and 
applications. 
 
For further information on this or any other Decawave product, please refer to our website 
www.decawave.com. 
 
 
 
 
  

http://www.decawave.com/
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9 APPENDIX 1: COMPONENT SPECIFICATIONS 

9.1 Balun 
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9.2 Power Amplifier 
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9.3 RF Switch 

 

 


