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Introduction

The nRF24LE1, nRF24AP2, nRF51422 and nRF51822 QFN from Nordic Semiconductor
are 2.45 GHz combo chips with an ultralow power transceiver.

The BAL-NRF01D3 from STMicroelectronics is an ultra miniature balun for which the
matching impedance has been customized for the NnRF24LE1 QFN-32, nRF24AP2-1CH,
NnRF24AP2-8CH, nRF51422-QFAA, and nRF51822-QFAA Nordic Semiconductor circuits.

The BAL-NRFO01D3 integrates matching network and harmonics filters. It uses
STMicroelectronics’ IPD technology on non-conductive glass substrate which optimizes RF
performance.

Compared to traditional discrete solutions (Figure 3), STMicroelectronics BAL-NRF01D3
decreases the BOM count by 80%, from 5 components to 1 component (Figure 4). This
results in a lower system cost solution.

The BAL-NRF01D3 has been tested and approved by Nordic Semiconductor in the
nRF2723 nRFgo module (from the nRFgo nRF24LE1 QFN-32 pins development kit) and the
nRF2752 nRFgo module (from the nRFgo nRF51x22 Developer Preview kit). The
BAL-NRF01D3 demonstrates a higher system performance compared to traditional
solutions. This document presents the test and performance results.
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BAL-NRFO01D3 preview

Features

e 50 Q nominal input/ conjugate match to Nordic Semiconductor chips nRF24LE1 QFN32,
NRF24AP2-1CH, nRF24AP2-8CH, nRF51422-QFAA and nRF51822-QFAA

e Low insertion loss

e Low amplitude imbalance

e Low phase imbalance

e Small footprint: < 1.5 mm?

Benefits

e Very low profile: < 595 um after reflow
¢ High RF performance

e RF BOM and area reduction

Applications

e 2.45 GHz impedance matched balun filter
e Optimized for Nordic's chip set nRF24LE1/AP2 and nRF51 series

Description

STMicroelectronics BAL-NRF01D3 is an ultra miniature balun. The BAL-NRF01D3
integrates matching network and harmonics filter. Matching impedance has been
customized for the following Nordic Semiconductor circuits: nRF24LE1 QFN-32 pins,
NRF24AP2-1CH, nRF24AP2-8CH, nRF51422-QFAA and nRF51822-QFAA.

The BAL-NRF01D3 uses STMicroelectronics IPD technology on non-conductive glass
substrate which optimize RF performances.

The BAL-NRF01D3 has been tested and approved by Nordic Semiconductor in their
nRF2723 and nRF2752 nRFgo modules.

Flip chip package

Figure 1. Package 5 bumps Figure 2. Pin out diagram (top view)
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AN4111 Benefits of BAL-NRFO01D3 reference design

2 Benefits of BAL-NRFO01D3 reference design

Figure 3. Traditional discrete solution for nRF24LE1
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Using BAL-NRF01D3 no external components are required for matching and for harmonic
filtering. Only a 2.2 nF external capacitor is required for Vpp decoupling. The test board for
NnRF24LEL1 is shown in Figure 8.

3

DoclD023194 Rev4 3/17




Benefits of BAL-NRFO01D3 reference design AN4111

Figure 5. Traditional discrete solution for nRF51822
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Figure 6. nRF51822 solution using BAL-NRF01D3
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Using BAL-NRF01D3 only a 0.8 pF capacitor is needed for molding and for harmonic
filtering. A 2.2 nF external capacitor is required for Vpp decoupling. The test board for
NnRF51822 is shown in Figure 14.
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AN4111 Benefits of BAL-NRF01D3 reference design

Figure 7 demonstrates two essential benefits of the BAL-NRF01D3.
e Decrease in the BOM count by 80%, from 5 components to 1 component
e More than 80% PCB area reduction compared to the traditional discrete solution

Figure 7. PCB area comparison between BAL-NRF01D3 and discrete solution

“Traditional” discrete solution

BAL-NRF01D3 solution

e

/» 1.47 mm? ]

Compared to discrete solutions, the BAL-NRF01D3 solution is much easier to implement.

Thanks to this smart implementation:

e No RF measurement tools and RF skills are required to design and validate the
function.

e Performance is less sensitive to component placement.
e PCB design is symmetrical from differential output to antenna, providing much shorter
traces between transceiver outputs to the balun.

As a result, ST BAL-NRF01D3 reduces harmonics generation.

)
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Measured performances

Nordic Semiconductor nRF2723 nRFgo module (nRF24xx)

Figure 8. nRF2723 ST balun reference nRFgo module from Nordic Semiconductor
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Table 1. Main parameter measurements (2402 to 2480 MHz)

Parameter Values Parameter Values
PA_TX_FUND (-18 dBm) -17.1 PA_TX_5H (0 dBm) -53.7
PA_TX_FUND (-12 dBm) -8.7 2LO (0 dBm) 72.1
PA_TX_FUND (-6 dBm) -3.0 LO (0 dBm) -68.8
PA_TX_FUND (-0 dBm) 1.1 LO/2 (0 dBm) -67.5
PA_TX_2H (0 dBm) -39.1 LO/4 (0 dBm) -79.1
PA_TX_3H (0 dBm) -47.5 LO/8 (0 dBm) -80.1
PA_TX_4H (0 dBm) -47.5 Receiver sensitivity [dBm] @ 1 Mbps -85.6
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AN4111 Measured performances

Figure 9. Output power carrier
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Figure 10. Second harmonic
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Figure 11. Third harmonic
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Figure 12. Fourth harmonic
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AN4111 Measured performances

Figure 13. Receiver local oscillator leakage (RX_LO)
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3.2 Nordic Semiconductor nRF2752 nRFgo module (nRF51xx)

The results presented in this section are based on measurements performed with the
nRF51822 nRFgo module and the BAL-NRF01D3. The BAL-NRF01D3 balun offers high
suppression of 2" to 4™ harmonics and simplifies implementation of NRF51822 as regards

to FCC and ETSI compliance tests.

Figure 14. nRF2752 ST balun reference nRFgo module from Nordic Semiconductor
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Table 2. Main parameter measurements (2402 to 2480 MHz)

Parameter Values Parameter Values
PA_TX_FUND (0 dBm) 1.3 PA_TX_4H (4 dBm) -51.1
PA_TX_FUND (4 dBm) 45 PA_TX_5H (0 dBm) -53.7
PA_TX_2H (0 dBm) -36.8 PA_TX_5H (4 dBm) -53.7
PA_TX_2H (4 dBm) -42.8 2LO (0 dBm) -59.8
PA_TX_3H (0 dBm) -48.8 LO (0 dBm) -61.6
PA_TX_3H (4 dBm) -40.7 LO/2 (0 dBm) -71.8
PA_TX_4H (0 dBm) -50.7 Receiver sensitivity [dBm] @ 1 Mbps -91.02

High power case

At high power output (4dBm mode), the optimal impedance changes slightly.

To optimize performance and output power on 4dBm mode, adding a 0.8 pF high Q
capacitor on the single port of BAL-NRF01D3 is recommended. This capacitor leads to a

1 dB gain on 4 dBm mode without impacting the 0 dBm mode. This capacitor must be
added as close as possible to the single port of the BAL-NRF01D3 (see Section 3.5: Layout
recommendations for nRF51xxx) and must be connected to ground. See Figure 15.

Figure 15. Capacitor placement for high power case
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Measured performances

3.4

J

Layout recommendations for nRF24LE1

Figure 16. PCB overview

Figure 17. nRF24LE1 exposed pads

Exposed pad length = 3700um
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Measured performances AN4111
Figure 18. nRF24LEL1 land pattern metrics
Land pattern — exposed pad distance = 175um
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Figure 19. nRF24LE1 and BAL-NRF01D3 position
Center of QFN land pattern to BAL-NRF01D3 bump center = 815 pm
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3.5 Layout recommendations for nRF51xxx

Figure 20. nRF51xxx exposed pad dimensions

Exposed pad dimensions: 4700pm x 4700 pm

Figure 21. nRF51xxx land pattern metrics
"340 pm

B1 = BAL-NRF01D3
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Figure 22. BAL-NRF01D3 position

Center of QFN land pattern
to BAL-NRF01D3 bump center
960 um

Figure 23. 0.8 pF high Q capacitance position

BAL-NRF01D3 bump center
to 0402 capacitor pad center
812
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Figure 24. PCB stack-up recommendation
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Figure 25. More layout information at Nordic Semiconductor’s web site
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Ordering information

Table 3. Ordering information

Part number Marking Weight Base Qty

Delivery mode

BAL-NRF01D3 SC 1.82 mg 5000

Tape and reel

Revision history

Table 4. Document revision history

Date Revision Changes
13-July-2012 1 Initial release.
Added Figure 14 and Figure 15. Updated text after Figure 7. Added
12-Nov-2012 2 Section 3.2: Nordic Semiconductor nRF2752 nRFgo module
(nRF51xx) and Section 3.3: High power case.
Updated name of Developer Preview kit in the Introduction. Updated
04-Mar-2013 3 last parameter name Table 1 and Table 2. Added Section 3.4: Layout
recommendations for NnRF24LEL.
Added Section 1: BAL-NRF01D3 preview and Section 3.4: Layout
28-Jun-2013 4 recommendations for NRF24LE1.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST's terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

ST PRODUCTS ARE NOT AUTHORIZED FOR USE IN WEAPONS. NOR ARE ST PRODUCTS DESIGNED OR AUTHORIZED FOR USE
IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH
PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B) AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR
ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED
FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT PURCHASER'S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN
WRITING OF SUCH USAGE, UNLESS A PRODUCT IS EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE,
AUTOMOTIVE SAFETY OR MEDICAL” INDUSTRY DOMAINS ACCORDING TO ST PRODUCT DESIGN SPECIFICATIONS.
PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE DEEMED SUITABLE FOR USE IN AEROSPACE BY THE
CORRESPONDING GOVERNMENTAL AGENCY.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
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