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1. Introduction 

This document provides guidelines for the selection of antennas that are used for the 

QN908x Bluetooth Low Energy (BLE) device. There are some key factors to consider 

when choosing the antenna for your product: 

• Size 

• Frequency band 

• Bandwidth 

• Polarization 

• Peak gain and average gain 

• Radiation pattern 

This document shows the PCB antenna and chip antennas used in the QN9080 USB 

dongle and QN908x module boards. These can be used as a sample reference design 

for your product’s antenna.  

2. PCB antenna 

This section provides an overview of the QN9080 USB dongle and the module board 

antenna design. The PCB antenna is a Meandered Inverted F Antenna (MIFA). As a 

sample, the antenna design contains the antenna simulation and PCB layout.  

This type of PCB antenna has these design features: 

• Smaller size  

• Easier integration on the PCB board 

• Low-profile shape 
• Low cost for mass production 

For different application designs, it is helpful to understand the typical radiation pattern 

direction of a MIFA antenna so that the radiation in the desired direction can be 

maximized. The radiation direction is shown in Fig 1. 

 

Fig 1. MIFA antenna radiation direction 
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2.1 Antenna used in the USB dongle 

MIFA is a PCB antenna for low-cost, low-profile, and high-efficiency applications. The 

meander trace design effectively reduces antenna dimensions and is easily integrated. 

NXP completed the antenna simulation with the housing removed. Although the USB 

dongle product is always sold in a housing to be considered a real product, the housing 

has an impact on the antenna performance. The RF matching helps to adjust the 

antenna’s resonant frequency to the correct range. 

EMPro is an electromagnetic simulation tool which can be used to perform the antenna 

simulation for PCB antennas. The simulation model is shown in Fig 2. 

 

   
 

Fig 2. Dongle MIFA antenna simulation 

Some of the simulation antenna parameters are shown in Table 1. 

Table 1. Simulation antenna parameters 

Antenna parameters Value Unit 

PCB substrate permittivity 4.6 — 

PCB substrate H 1.0 mm 

Length of PCB substrate 35.5 mm 

Width of PCB substrate 14 mm 

Length of TOP PCB ground 25.5 mm 

Width of TOP PCB ground 14 mm 

Length of BOT PCB ground 25.5 mm 

Width of BOT PCB ground 14 mm 

Width of antenna trace 0.5 mm 

 

2.1.1 S11 antenna  

Fig 3 shows the S11 antenna simulation results, which is the antenna’s return loss. The 

BLE frequency band ranges from 2402 to 2483.5 MHz. The return loss value is 

below -10 dB in the BLE frequency band. 



 

 

NXP Semiconductors AN11994 
 QN908x BLE Antenna Design Guide 

AN11994 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors B.V. 2017. All rights reserved. 

Application note Rev 1.0 — June 2017 5 of 21 

 
Fig 3. S11 antenna 

 

2.1.2 Gain pattern  

Fig 4 shows the simulation results for the antenna gain pattern at phi = 90𝑜. 

 

 

Fig 4. Antenna gain pattern @ phi = 𝟗𝟎𝒐 

 

Fig 5 shows the simulation results for the antenna gain pattern @ phi = 0𝑜. 
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Fig 5. Antenna gain pattern @ phi = 𝟎𝒐 

 

2.1.3 3D gain pattern 

Fig 6 shows the antenna 3D gain pattern simulation results. 

 

 

Fig 6. 3D antenna gain pattern 
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2.1.4 Antenna efficiency 

Table 2. Antenna efficiency simulation results 

Frequency 

(GHz) 

Available 

power 

(W) 

Input power 

(W) 

Radiated 

power 

(W) 

System 

efficiency 

Radiation 

efficiency 

1 0.0025 8.02E-05 1.27E-05 0.51 % 15.81 % 

1.3 0.0025 9.78E-05 3.43E-05 1.37 % 35.10 % 

1.36 0.0025 1.05E-04 4.17E-05 1.67 % 39.81 % 

1.42 0.0025 1.15E-04 5.10E-05 2.04 % 44.35 % 

1.72 0.0025 2.04E-04 1.39E-04 5.57 % 68.20 % 

1.96 0.0025 4.31E-04 3.51E-04 14.06 % 81.46 % 

2.08 0.0025 6.94E-04 5.94E-04 23.77 % 85.67 % 

2.44 0.0025 2.46E-03 2.23E-03 89.00 % 90.64 % 

2.83 0.0025 9.49E-04 8.40E-04 33.61 % 88.58 % 

3.22 0.0025 3.94E-04 3.27E-04 13.07 % 82.98 % 

4 0.0025 1.23E-04 6.81E-05 2.72 % 55.32 % 

  

2.1.5 PCB layout 

To provide a low-cost design for the QN9080 USB dongle, a two-layer stack, 1.0-mm 

PCB board is recommended. The dielectric material of the PCB is standard FR-4. The 

relative permittivity is 4.6.  

The antenna layout trace dimensions are shown in Fig 7. 
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Fig 7. QN9080 USB dongle MIFA antenna dimensions 

 

The reference PCB layout is shown in Fig 8 and Fig 9. 

 

 
Fig 8. QN9080 USB dongle PCB layout top layer 
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Fig 9. QN9080 USB dongle PCB layout bottom layer 

For more information about the PCB design, contact your local NXP representative. 

2.2 QN9080 development board module antenna 

There are two different modules that are based on the QN9080 QFN and QN9083 

WLCSP packages. Both can be mounted on the QN908x DK board to develop a BLE 

product based on the QN908x device.  

The MIFA simulation model is created in the EMPro simulation software and shown in 

Fig 10. 

 

Fig 10. Module board MIFA simulation 

Some of the simulation antenna parameters are shown in Table 3. 
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Table 3.    Simulation antenna parameters 

Antenna parameters Value Unit 

PCB substrate permittivity 4.6 — 

PCB substrate H 1.0 mm 

Length of the PCB substrate 27.8 mm 

Width of the PCB substrate 18.45 mm 

Length of the TOP PCB ground 21.3 mm 

Width of the TOP PCB ground 18.45 mm 

Length of the BOT PCB ground 21.3 mm 

Width of the BOT PCB ground 18.45 mm 

Width of the antenna trace 0.5 mm 

 

2.2.1 S11 antenna  

Fig 11 shows the S11 antenna parameter simulation results. The BLE frequency band 

ranges from 2402 to 2483.5 MHz. The return loss value is below -10 dB in the BLE 

frequency band. 

 
Fig 11. S11 antenna 

2.2.2 Gain pattern  

Fig 12 shows the antenna gain pattern @ phi = 90𝑜 simulation results. 
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Fig 12. Antenna gain pattern @ phi = 𝟗𝟎𝒐 

Fig 13 shows the antenna gain pattern @ phi = 0𝑜 simulation results. 

 

Fig 13. Antenna gain pattern @ phi = 𝟎𝒐 

2.2.3 3D gain pattern 

Fig 14 shows the 3D antenna gain pattern simulation results. 
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Fig 14. 3D antenna gain pattern 

2.2.4 Antenna efficiency 

Table 4. Antenna efficiency simulation results 

Frequency 

(GHz) 

Available 

power 

(W) 

Input 

power 

(W) 

Radiated 

power 

(W) 

System 

efficiency 

Radiation 

efficiency 

1 0.0025 6.09E-05 4.24E-06 0.17 % 6.96 % 

1.6 0.0025 1.00E-04 3.23E-05 1.29 % 32.19 % 

1.66 0.0025 2.22E-04 6.56E-05 2.63 % 29.51 % 

1.72 0.0025 1.22E-04 4.94E-05 1.98 % 40.35 % 

2.08 0.0025 3.67E-04 2.46E-04 9.84 % 67.07 % 

2.26 0.0025 1.02E-03 7.63E-04 30.50 % 74.76 % 

2.44 0.0025 2.40E-03 1.86E-03 74.44 % 77.58 % 

2.54 0.0025 1.85E-03 1.43E-03 57.32 % 77.41 % 

2.64 0.0025 1.12E-03 8.54E-04 34.17 % 76.35 % 

2.83 0.0025 4.83E-04 3.50E-04 14.00 % 72.46 % 

3.22 0.0025 1.91E-04 1.18E-04 4.70 % 61.58 % 

4 0.0025 8.62E-05 3.18E-05 1.27 % 36.87 % 

2.2.5 PCB layout 

The QN908x module board is a four-layer stack, 1-mm PCB board. The PCB dielectric 

material is standard FR-4. The relative permittivity is 4.6.  

The antenna layout trace dimensions are shown in Fig 15. 
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Fig 15. QN908x module MIFA dimensions 

The reference PCB layout is shown in Fig 16 and Fig 17. 

 

  
Fig 16. QN9083 WLCSP module board PCB layout top and bottom layers 
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Fig 17. QN9080 QFN module board PCB layout top and bottom layers 

For more information about the PCB design, contact your local NXP representative. 

2.3 Antenna-matching circuit 

The RF front-end pin of QN908x is already matched to 50  by an internal matching 

circuit. Therefore, there is no need to add any matching circuits on the RF front-end pin 

on the reference designs.  

A π-type circuit network is designed for antenna RF matching. If your antenna has a 

precise input impedance, leave the shunt capacitor as it is and use a suitable capacitor 

instead of a series resistor.  
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3. Chip antenna 

The chip antenna is a high-frequency ceramic solution for 2.45-GHz antenna 

applications. The chip antenna is an ideal solution when the board space is limited. This 

type of antenna provides smaller size and acceptable cost. If an external matching circuit 

is used, the chip antenna performs better. The matching circuit, antenna placement, and 

ground layout are all important factors that affect the chip antenna performance. 

In this section, the chip antenna is shown as an example used on the QN9080 small 

module board. The module dimensions are 10x10 mm. The chip antenna is a good 

solution for this module due to its small size. The chip antenna chosen is manufactured 

by Johanson Technology. 

Table 5 lists some of the key parameters. 

Table 5. General specifications 

Part number 2450AT18A100 

Frequency range 2400 to 2500 MHz 

Peak gain 0.5 dBi typ. (XZ-V) 

Average gain -0.5 dBi typ (XZ-V) 

Return loss 9.5 dB min. 

Input power 2 W max. (CW) 

Impedance 50  

Operating temperature -40 to +125 °C 

Reel quantity 3000 

 

Table 6 lists the mechanical dimensions of the chip antenna:  

Table 6. Mechanical dimensions 

— in. mm 

 

L 0.126 ± 0.008 3.20 ± 0.20 

W 0.063 ± 0.008 1.60 ± 0.20 

T 0.051 + 004/- 008 1.30 + 0.1/ 0.2 

a 0.020 ± 0.012 0.50 ± 0.30 

 

3.1 Antenna performance 

The test data below was provided by the chip manufacturer (Johanson) for part number 

2450AT18A100. If you have any questions related to this chip antenna, ask the 

manufacturer (Johanson Technology). 

For designs that use the chip antenna, the radiation pattern direction is shown in Fig 18: 
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Fig 18. Chip antenna radiation direction 

 

3.1.1 Chip antenna S11 and VSWR 

 

 
Fig 19. Chip antenna S11 and VSWR 
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3.1.2 Radiation pattern 
 

 
Fig 20. Chip antenna radiation pattern 

3.2 Placement and PCB layout 

The placement and layout of the chip antenna on the PCB board is very important. The 

antenna position on the PCB board, the size of the keep-out space, and the distance 

between the antenna and the reference ground plane affects the antenna resonance 

frequency, impedance, and efficiency. Some typical designs and placements are strongly 

recommended. 
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Fig 21. Excellent positions for a chip antenna 

 

 

Fig 22. Acceptable positions for a chip antenna 

 

 

Fig 23. Unacceptable positions for a chip antenna 

Here are some recommendations to follow: 

 Do not put any metal objects (such as batteries) above or below the antenna 

clearance area. Keep any other metals as far from the clearance area as possible. 

 Additional stitching vias around the ground plane near the antenna provide a better 

ground reflection for the antenna. 

 Place the antenna-matching circuit components as close to the antenna feed port as 

possible. 
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For the antenna PCB layout, a 50- feed line, matching circuit, and antenna clearance is 

all that is needed. A sample PCB layout is shown in Fig 24: 

Fig 24. Chip antenna PCB layout from Johanson 

3.3 Chip antenna list 

There are many suppliers of ceramic chip antennas. When working on a design, the 

antenna size, price, and performance are the key factors to choose the antenna best 

suited for the needs of the design. Table 7 lists chip antennas from different suppliers 

that are tested with QN9080. 

Table 7. Chip antenna list 

Supplier Tested Main 2.4-GHz chip antenna products 

 
Y 

2450AT18B100, 2450AT18A100, 2450AT18D0100, 2450AT18E0100, 

2450AT43D100, 2450AT43H0100, 2450AT45A100 

 

Y SLDA31-2R800G-S1TF, SLDA52-2R350G-S1TF, SLDA72-2R470G-S1TF 

 
Y AN3216, AN2051, AN6520, AN0835, AN9520 

 
Y 

RFANT5220110AT, RFANT3216120AT, RFECA3216060A1T, 

RGANT8010100A0T, RFGFRA9937380A3T, RGFRA1903041A1T 

 
Y BTCA5020, BTCA4020, BTCA1206, BTCA0805 

 
Y A10192, A5839, A5645, A6111, A6150, A10381 
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4. Legal information

4.1 Definitions 
Draft — The document is a draft version only. The content is still under 

internal review and subject to formal approval, which may result in 

modifications or additions. NXP Semiconductors does not give any 

representations or warranties as to the accuracy or completeness of 

information included herein and shall have no liability for the consequences 

of use of such information. 

4.2 Disclaimers 
Limited warranty and liability — Information in this document is believed to 

be accurate and reliable. However, NXP Semiconductors does not give any 

representations or warranties, expressed or implied, as to the accuracy or 

completeness of such information and shall have no liability for the 

consequences of use of such information. NXP Semiconductors takes no 

responsibility for the content in this document if provided by an information 

source outside of NXP Semiconductors. 

In no event shall NXP Semiconductors be liable for any indirect, incidental, 

punitive, special or consequential damages (including - without limitation - 

lost profits, lost savings, business interruption, costs related to the removal or 

replacement of any products or rework charges) whether or not such 

damages are based on tort (including negligence), warranty, breach of 

contract or any other legal theory. 

Notwithstanding any damages that customer might incur for any reason 

whatsoever, NXP Semiconductors’ aggregate and cumulative liability 

towards customer for the products described herein shall be limited in 

accordance with the Terms and conditions of commercial sale of NXP 

Semiconductors. 

Right to make changes — NXP Semiconductors reserves the right to make 

changes to information published in this document, including without 

limitation specifications and product descriptions, at any time and without 

notice. This document supersedes and replaces all information supplied prior 

to the publication hereof. 

Suitability for use — NXP Semiconductors products are not designed, 

authorized or warranted to be suitable for use in life support, life-critical or 

safety-critical systems or equipment, nor in applications where failure or 

malfunction of an NXP Semiconductors product can reasonably be expected 

to result in personal injury, death or severe property or environmental 

damage. NXP Semiconductors and its suppliers accept no liability for 

inclusion and/or use of NXP Semiconductors products in such equipment or 

applications and therefore such inclusion and/or use is at the customer’s own 

risk. 

Applications — Applications that are described herein for any of these 

products are for illustrative purposes only. NXP Semiconductors makes no 

representation or warranty that such applications will be suitable for the 

specified use without further testing or modification.  

Customers are responsible for the design and operation of their applications 

and products using NXP Semiconductors products, and NXP 

Semiconductors accepts no liability for any assistance with applications or 

customer product design. It is customer’s sole responsibility to determine 

whether the NXP Semiconductors product is suitable and fit for the 

customer’s applications and products planned, as well as for the planned 

application and use of customer’s third party customer(s). Customers should 

provide appropriate design and operating safeguards to minimize the risks 

associated with their applications and products.  

NXP Semiconductors does not accept any liability related to any default, 

damage, costs or problem which is based on any weakness or default in the 

customer’s applications or products, or the application or use by customer’s 

third party customer(s). Customer is responsible for doing all necessary 

testing for the customer’s applications and products using NXP 

Semiconductors products in order to avoid a default of the applications and 

the products or of the application or use by customer’s third party 

customer(s). NXP does not accept any liability in this respect. 

Export control — This document as well as the item(s) described herein 

may be subject to export control regulations. Export might require a prior 

authorization from competent authorities. 

Translations — A non-English (translated) version of a document is for 

reference only. The English version shall prevail in case of any discrepancy 

between the translated and English versions. 

Evaluation products — This product is provided on an “as is” and “with all 

faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates 

and their suppliers expressly disclaim all warranties, whether express, 

implied or statutory, including but not limited to the implied warranties of non-

infringement, merchantability and fitness for a particular purpose. The entire 

risk as to the quality, or arising out of the use or performance, of this product 

remains with customer. 

In no event shall NXP Semiconductors, its affiliates or their suppliers be 

liable to customer for any special, indirect, consequential, punitive or 

incidental damages (including without limitation damages for loss of 

business, business interruption, loss of use, loss of data or information, and 

the like) arising out the use of or inability to use the product, whether or not 

based on tort (including negligence), strict liability, breach of contract, breach 

of warranty or any other theory, even if advised of the possibility of such 

damages.  

Notwithstanding any damages that customer might incur for any reason 

whatsoever (including without limitation, all damages referenced above and 

all direct or general damages), the entire liability of NXP Semiconductors, its 

affiliates and their suppliers and customer’s exclusive remedy for all of the 

foregoing shall be limited to actual damages incurred by customer based on 

reasonable reliance up to the greater of the amount actually paid by 

customer for the product or five dollars (US$5.00). The foregoing limitations, 

exclusions and disclaimers shall apply to the maximum extent permitted by 

applicable law, even if any remedy fails of its essential purpose. 

4.3 Licenses 

Purchase of NXP <xxx> components 

<License statement text> 

4.4 Patents 
Notice is herewith given that the subject device uses one or more of the 

following patents and that each of these patents may have corresponding 

patents in other jurisdictions. 

<Patent ID> — owned by <Company name> 

4.5 Trademarks 
Notice: All referenced brands, product names, service names and 

trademarks are property of their respective owners. 

<Name> — is a trademark of NXP Semiconductors N.V. 
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