REN ESAS Application Note

RX23W Group

Guidelines for Bluetooth Board Design

Introduction

This document describes RF board design guidelines for RX23W Bluetooth® 5.0 (Core Specification v5.0)
RF transceiver. Please refer "RX Family Hardware Design Guide for board design" (RO1AN1411) except
Bluetooth 5.0 RF transceiver part.

Target Device
RX23W Group

Note: The contents of this document are provided as a reference and do not guarantee the signal quality in
the system. When designing the actual system, thoroughly evaluate the product in the overall system
and apply these contents on your own responsibility.
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1. Overview

Sections 2, 3, and 4 of this document describe board design guidelines for RX23W QFN package, RX23W
BGA package, and RX23W LGA package, respectively. This document briefly describes the Bluetooth 5.0
RF transceiver unit pins used in the RX23W.

1.1 Related documents
The following documents are related to this application note. Also refer to these documents when using this
application note.

e RX23W group User’'s Manual: Hardware (RO1UH0823)
¢ RX Family Hardware Design Guide (RO1AN1411)
e RX23W group Tuning procedure of Bluetooth dedicated clock frequency (RO1AN4762)
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2. Board design guidelines for RX23W QFN

2.1 RX23W QFN Pin list
Table 2-1 is the description of Bluetooth 5.0 RF transceiver unit pins in RX23W QFN.

Table 2-1 Description of Bluetooth 5.0 RF transceiver unit pins in RX23W QFN

Pin Number Pin Name 110 Functions
Bluetooth-Dedicated clock output pin, whose frequency can be set to 4,
Outout 2, or 1MHz. The default output setting is off. Connecting the clock
48 CLKOUT_RF P output pin to the external clock input pin of MCU, the RF clock can be
used as the MCU system clock.
RF single 1/O pin for RF transceiver.
32 ANT In/Out : . o
Adjust the characteristic impedance of the signal line to 50o0hm.
Inout Pins for connecting the Bluetooth-dedicated clock oscillator. 32-MHz
38 XTAL1_RF P oscillator connection pin
Outout Pins for connecting the Bluetooth-dedicated clock oscillator. 32-MHz
37 XTALZ2_RF P oscillator connection pin
40 DCLOUT Output RF transceiver power-supply (DC-DC converter or linear regulator) output pin
RF transceiver power-supply output connection pin. This pin should be
Inout connected to an external inductor and capacitor when the DC-DC
46 DCLIN_A P converter mode is selected. When the linear regulator mode is selected,
this pin should be connected to an external capacitor.
RF transceiver power-supply output connection pin. This pin should be
Inout connected to an external inductor and capacitor when the DC-DC
45 DCLIN_D P converter mode is selected. When the linear regulator mode is selected,
this pin should be connected to an external capacitor.
44 VCC RF Input RF transceiver power supply pin
39 AVCC RF Input RF transceiver power supply pin
RF transceiver ground pin.
28 ICGND Input
(VSS_RF) In this document, this pin is called “ICGND”.
lExzosed Die | \ss RF Input RF transceiver ground pin
a _
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2.2 Oscillator circuit for Bluetooth-dedicated clock
Note the following when designing an oscillator circuit for Bluetooth-dedicated clock.

¢ Place the crystal resonator close to the “XTAL1_RF” and “XTAL2_RF” pins. We recommend the wiring
length between the RX23W and the crystal resonator of approximately 6 mm, as shown in "Figure 2-2
Example of the pattern around the crystal resonator".

e Shield the pattern for the “XTAL1_RF” and “XTAL2_RF” pins with the ground pattern. Do not place the
pattern for these signals in parallel with or across other patterns where a large current flows or the level
changes frequently.

¢ Not place any signal, power, and ground lines except the oscillator circuit's on and below the oscillator
circuit area. We recommend that the ground pattern is placed in the layers under the oscillator circuit, as
shown in "Figure 2-2 Example of the pattern around the crystal resonator”.

e Separate the oscillator circuit and the signal line from an antenna to “ANT” pin by placing slit patterns on
all layers.

e Ensure a return path in layer2 (additional layer3 if possible) from ground of the crystal resonator to
"Exposed Die Pad (VSS_RF)”, as shown in "Figure 2-2 Example of the pattern around the crystal
resonator”.

e External load capacitors (CL) for frequency tuning are unnecessary, because the capacitors are built in
IC. For Tuning procedure of Bluetooth dedicated clock frequency, see the descriptions of the application
note, the Hardware Design Guide(RO1AN4762). The latest version can be downloaded from the Renesas
Electronics website.

e Insert a damping resistor (Rd) as required. Set the resistance to the value recommended by the oscillator
manufacturer as the value depends on the oscillator and its driving capability. If the oscillator
manufacturer states that the addition of a feedback resistor (Rf) to the oscillator is required, insert Rf
between XTAL1_RF and XTAL2_RF according to the instructions.

¢ When the frequency-divided clock for the Bluetooth-dedicated clock is output, note designing board
pattern. The wiring length should be as short as possible. In addition, must not branch the wiring. And
avoid using vias on the transmission line. A maximum of 2 is recommended.

¢ Shield the transmission line of CLKOUT_RF with the "VSS" pattern to avoid noise couplings to
“VSS_RF.

Note: Bluetooth 5.0 RF transceiver clock frequency accuracy which includes initial error, temperature drift,
and ageing effect should be less than or equal to +/-50ppm in the Bluetooth specification. Therefore,
the frequency error should be as less as possible.

Figure 2-1 shows an example of the crystal resonator connection. Figure 2-2 shows an example of the
pattern around the crystal resonator.
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VSS_RF XTALZ2_RF XTAL1_RF

A'A% l
Rf

Rd
§ X1
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-

Note: The resistance of Rd and Rf should be determined thorough oscillation characteristics evaluation with
a crystal resonator to be mounted. These resistors might not be required, depending on the oscillation
characteristics.

Figure 2-1 Example of the crystal resonator connection.

<Parts surface> = <layer2>.

5 XTAL1_RF

B

<layer3> 3 <solder side>

Figure 2-2 Example of the pattern around the crystal resonator
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Table 2-2 shows confirmed operation crystal resonator list (reference).

Table 2-2 Tested crystal resonator list (reference)

SMD/Lead Frequency | Frequency Equwglent Load
. Frequency o Series .
Manufacturer Parts number size code Tolerance Stability ) Capacitance
(nmm) [ M opm) | ppm) | REPEENT TR
(ohm)
NX1612SA-32.000MHZ-
NDK CHP-CIS-3 1612 32.00 +/-10 +/-20 Max 100 6
NX1210AB- 32.000MHZ-
NDK CHP-CIX-3 1210 32.00 Total +/-30 Max 100 6
X1612DB32
Kyocera cX16 32000 1612 32.00 Total +/-25 Max 100 5
AOWPNC1
CX1210SB32000
Kyocera BOGPJCA 1210 32.00 Total +/-30 Max 80 6
Murata XRCMD32MO000FZQ52R0 1612 32.00 Total +/-30 Max 60 6
Murata XRCTD32MOOON1POORO 1210 32.00 Total +/-30 Max 120 6
RO1AN4534EJ0201 Rev.2.01 Page 7 of 52
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2.3 Antenna connection pin
Note the followings for antenna connection pin design.

o Adjust the characteristic impedance of 50o0hm for the signal line from an antenna to “ANT” pin. Optimize
the width of signal line and the gap between signal line and ground pattern, considering the PCB
permittivity and layer thickness. Depending on the antenna used, additional parts such as inductors or
capacitors may be required. In "Figure 2-3 Example of the pattern around “ANT” pin", the coplanar
waveguide is used.

¢ When mounting a connector, keep the characteristic impedance of 50ohm including the connector.

e The directly under layer of the coplanar waveguide should be solid ground, having no crossing with any
signal, power, and other ground lines.

e Place vias as many as possible between the coplanar waveguide ground pattern and the solid ground.
We recommend that the via spacing should be approximately 0.9mm, as shown in "Figure 2-3 Example
of the pattern around “ANT” pin".

Figure 2-3 shows an example of the pattern around “ANT” pin.

Figure 2-3 Example of the pattern around “ANT” pin
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e Pay attention to an emission level of 5th order harmonics, when selecting 4 dBm transmitted output mode
and evaluating of US(FCC) regulatory with a coaxial cable. The emission should be suppressed with an
RF filter implementation.

RF filter requirements
Frequency band to be suppressed: 12.01 to 12.4 GHz
Minimum attenuation: 8dB

o Pay attention to an emission level of 3rd order harmonics, when selecting 0 dBm transmitted output mode
and evaluating of US(FCC) regulatory with a coaxial cable. The emission should be suppressed with an
RF filter implementation.

RF filter requirements
Frequency band to be suppressed: 7250 to 7440 MHz
Minimum attenuation: 2dB

This document describes an example of an open circuit stub and an example of LPF using SMD parts. Both
of these circuits can suppress 5th order harmonics of 4 dBm transmitted output mode and the 3rd order
harmonics of 0 dBm transmitted output mode.

Figure 2-4 shows an example of the open circuit stub.

W, 5 | W
AAIAIIIY, Formitvity(erj=4.45
W=0.72mm
Er h h=0.2mm
Frequency=12400MHz (2480MHz x 5)
(o o o o o o o o A

:GND

Obtain an effective permittivity er.eff from the above board . :
composition. T
effective permittivity ereff = 3.515 '

->

0.41mm
i o,

The wavelength of 12400MHz is approximately 24.18 mm. | . ,
Then calculate the length of a stub by using the formula N(%72pm) (9.72mm
below. |

the length of a stub L= 0.25*A / (ereff)® = 3.224mm

Note: Place the open circuit stub as close to “ANT” pin as
possible. We recommend that it should place
approximately 3.5mm, as shown in example pattern
on the right figure.

Figure 2-4 Example of the open circuit stub

Note: The pattern width and pattern pitch for impedance control vary depending on board thickness,
material, and layer configuration. Contact the board manufacturer for more information.
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Figure 2-5 shows an example of LPF using SMD parts

L201

0
T

C201 = GJM1555CTHR20WBO01 (0.2pF +/-0.05pF)
L201 = LQG15HS1N5S02 (1.5nH +/-0.3nH)

Figure 2-5 Example of LPF using SMD parts

Note: Depending on the PCB design, the value may differ. Adjust the value, if necessary.
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o When certifying of Korea (KCC) regulatory, an emission of 1.9GHz frequency band should be suppressed
with an RF filter implementation.

RF filter requirements

Frequency band to be suppressed: 1921 to 1984 MHz
Minimum attenuation: 7dB

This document describes an example of a notch filter. Figure 2-6 shows an example of the notch filter.

C101

ANT
% L101

L101 = LQG15HS7N5J02 (7.5nH +/-5%)
C101 = GCM1555CT1HR50BA16 (0.5pF +/-0.1pF)

RF filter requirements
Frequency band to be suppressed : 1921 to 1984 MHz
Minimum attenuation : 7dB

Note: Depending on the PCB design, the value of capacitor C101 may differ.
Adjust the value of capacitor C101, if necessary.

Figure 2-6 Example of the notch filter
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2.4 Power supply mode for Bluetooth 5.0 RF transceiver

Note the followings for external circuit design in each power supply mode of the Bluetooth 5.0 RF
transceiver. User should select the power mode for Bluetooth 5.0 RF transceiver which DC-DC converter
mode or Linear regulator mode.

When the DC-DC converter mode is selected, inductors on PCB are required. However, the BLE operating
current reduction is conferred. On the other hand, When the Linear regulator mode is selected, BLE
operating current increases more than DC-DC converter mode. However, the BoM cost and Board area can
be reduced because mounting inductors for DC-DC converter mode is unnecessary.

2.41 DC-DC converter mode
Note the followings in external circuit design for the DC-DC converter mode.

o Design the signal pattern from “DCLOUT” pin to “VSS_RF” through an inductor “L1” and a capacitor “C1”
shorter and wider for low impedance connection. Place ground pattern in area which is enclosed with line
connecting “DCLOUT” and “DCLIN_A”", as shown in "Figure 2-8 Example of the PCB pattern for DC-DC
converter mode". In addition, connect a capacitor “C1” and “VSS_RF” to this ground pattern.

e Connect the line connecting “DCLOUT” and “DCLIN_A” on parts surface of the board through no the via.

e Reduce loop area which is enclosed with line connecting “DCLOUT” and “DCLIN_A” as small as possible.

e Placing the inductor “L1” and capacitor as close as possible to the “DCLOUT” pin is recommended.

¢ Not place other SMD parts except the external circuit for DC-DC converter mode, on the loop which is
enclosed with line connecting “DCLOUT” and “DCLIN_A”".

e Ensure a return path in layer2 (additional layer3 if possible) from ground in the loop to "Exposed Die Pad
(VSS_RF)”, as shown in "Figure 2-8 Example of the PCB pattern for DC-DC converter mode".

¢ Recommended electrical characteristics of “L1” is follows;

— Inductance=10uH +/-20%

— Rated current (min)=90mA

— DC resistance(max)=1.0ohm

— Self resonant frequency(min)= 30MHz.

— Less power loss and good DC superimposing

e “C2’ capacitance should be less than or equal to 2.2uF +/-20%.

¢ Not place any analog signal, power, and ground lines except the external circuit for DC-DC converter
mode, on and below the circuit area.

¢ With mounting an inductor “L2”, noise caused by the DC-DC converter can be reduced. Therefore, it is
recommended to prepare inductor L2 mount space on a board pattern.

RO1AN4534EJ0201 Rev.2.01 Page 12 of 52
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Figure 2-7 shows an example of the external circuit for DC-DC converter mode, Figure 2-8 shows an
example of the PCB pattern.

VCC_RF DCLOUT DCLIN_D

DCLIN_A VSS_RF

 C2

L1 L2 _T_ .
T C1

L1 =10uH

L2 = short (reserved inductor)
C1=22uF

C2 =2.2uF

Figure 2-7 Example of the external circuit for DC-DC converter mode
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<Parts su_l_{aﬁe?* = ; o <layer2>

B Ground pattern in the loop which §
is enclosed with line connecting
B “DCLOUT” and “DCLIN_A".

; <layer3> NN : .Qulde_rside:-

Figure 2-8 Example of the PCB pattern for DC-DC converter mode
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2.4.2 Linear regulator mode
Note the followings in external circuit design for the Linear regulator mode.

¢ Make the signal pattern from “DCLOUT” pin to “VSS_RF” through “C1” shorter and wider for low
impedance connection. Place ground pattern in area which is enclosed with line connecting “DCLOUT”
and “DCLIN_A”, as shown in "Figure 2-10 Example of the PCB pattern for Linear regulator mode". In
addition, connect a capacitor “C1” and “VSS_RF” to this ground pattern.

e Connect the line connecting “DCLOUT” and “DCLIN_A” on parts surface of the board through no the via.

e Reduce loop area which is enclosed with line connecting “DCLOUT” and “DCLIN_A" as small as possible.

o Not place other SMD parts except the external circuit for Linear regulator mode, on the loop which is
enclosed with line connecting “DCLOUT” and “DCLIN_A”.

e Ensure a return path in layer2 (additional layer3 if possible) from ground in the loop to "Exposed Die Pad
(VSS_RF)”, as shown in "Figure 2-10 Example of the PCB pattern for Linear regulator mode".

¢ Not place any analog signal, power, and ground lines except the external circuit for Linear regulator, on
and below the circuit area.

o “C2’ capacitance should be less than or equal to 0.47uF +/-20%.

Figure 2-9 shows an example of the external circuit for Linear regulator mode, Figure 2-10 shows an
example of the PCB pattern.

VCC_RF DCLOUT DCLIN_D DCLIN_A  VSS_RF

_LC1
T

C2

C1=0.47uF
C2 =2.2uF

Figure 2-9 Example of the external circuit for Linear regulator mode
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<Parts su_l_{aﬁe?* = ; o <layer2>

B Ground pattern in the loop which §
is enclosed with line connecting
B “DCLOUT” and “DCLIN_A".

; <layer3> NN : .Qulde_rside:-

Figure 2-10 Example of the PCB pattern for Linear regulator mode
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2.5 Power supply and ground patterns
Note the followings for power supply patterns and ground patterns design.

2.5.1 Power supply
Note the followings for power supply patterns design.

¢ Not bring other power, and ground lines close up “AVCC_RF” and “VCC_RF” to avoid noise couplings.

e Connect power supply patterns “VCC_RF”, “AVCC_RF”, and other power supply “VCC” with single point
short. And separate power supply patterns “VCC_RF”, “AVCC_RF”, and “VCC” each other.

o Make the power supply patterns of “VCC_RF” and “AVCC_RF” low impedance.

e Place bypass capacitors of “VCC_RF” and “AVCC_RF” nearby IC pin.

e Not place one or more vias on a connection between a bypass capacitor and “VCC_RF” or “AVCC_RF”
pin.

Figure 2-11 shows an example of how to place the bypass capacitors.

Power Supply

VCC_RF 1
C2

AVCC_RF

VSS RF |—e I

C3

C2 =2.2uF
C3 =0.1uF

Note: Noise varies depending on the board mounting. Add bypass capacitors as required.

Figure 2-11 Example of bypass capacitor connection

RO1AN4534EJ0201 Rev.2.01 Page 17 of 52
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2.5.2 Ground
Note the followings for ground patterns design.

e Design a ground pattern to be as wide plane as possible.

¢ When using ground pattern as the shield line, place away from the oscillation circuit and the digital circuit
as much as possible not to give noise the shield line.

e Back pad of IC Package (Exposed Die Pad) is a Bluetooth 5.0 RF transceiver reference ground. Not pass
other power, and ground lines through the reference ground to avoid noise effects. And not separate the
reference ground pattern.

e Under layer of IC Package should be “VSS_RF” solid ground. Make the ground patterns of “VSS_RF” low
impedance. It is recommended to place vias as shown in "Figure 2-12 Example of the ground pattern”.

¢ Not bring other power and ground lines close up “VSS_RF” to avoid noise couplings.

o When connecting the ground pattern to other layer of same potential, the connection should be low
impedance with many vias.

e Connect “VSS_RF” and other grounds which are “VSS”, “AVSS0”, and “VSS_USB”, with single point
short.

e Separate “ICGND” pin and "Exposed Die Pad (VSS_RF)” on the surface layer of the board.
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Figure 2-12 shows an example of the ground pattern.

<Parts surface> ; | | et -0 <layer2>
Separate the ground area for
"Exposed Die Pad" and "ICGND"
on the parts surface of the board.

AR VvSs. Avsso. B
vss usB B

<solder side>

VSS RF

" T R AR B VSS. AVSSO0.
VSS, AVSSO0. VSS_USB
VSS_USB N sy, o )

Figure 2-12 Example of the ground pattern
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2.6 Circuit diagram for reference

Figure 2-13 shows a reference circuit diagram in which the Bluetooth 5.0 RF transceiver related part is only
described.

VCC_RF
<
veco VCC_RF  AVCC_RF
-
shart short L
[=I=
2 8 & & 4 12
w 8 B B e & a o T
2 2zezf g gz o = a
B B & ET ‘G‘T ] I T S I S I 777
GND1
wW o 2 9 = W v K~ M < O Lo~
short BEEFETEEETR 225 0R | codaper %u
O = z & = -
£ 3 8 g8 =
K v g——2{va pe3 2 G PE3
GND GND1 5 “ AVCC RE
MD [O}———— MD PE4 {0 PE4 -
XCIN [B}——2 1 xcIn peLout -4
xCoUTG——2 | xcout avee re |22
RES# | Res# xTaL1_RF |22 l
X1
PI7/XTAL [G—& | pazjxTaL XTAL2_RF 374|H -
vss 7 {vss ves | 38 [Slvss  32MHZXTAL
P36/EXTAL [B—2 | pas/EXTAL pB0 22— [5] PBO GND1
vee B——2 | vee vee |24 5] vee Antenna
10 3 ;
P35 [O——— P33 FBL [—2—0] 8L 500hm coplanar waveguide
11 32 e ! oo i
P31 [OF——— P31 ANT T
| j j 1
P30 [O—22 P30 pe7 | 2L O Fe7 | X ' ' !
! ! ! Lo
P27 [O—L P27 poo 22— f5) Peo ! ! ! 1
" 20 . Openstub; | !
r2s B} P26 Pcz ——o]PC2 1 1 I
- ® [P H | !
2 8 5 c1o1
S 2 d 2 g l |
N g 1 % N e ow o om B | !
SRR EREEEREE : .
1
1c1 i GND1 |
o 8 & = F={ 1 I ] e I ] It - RX23W_QFNS6 i 1
- . 1
+ Notch Filter 1
N € w T o T ® 5 8 8 § [0 Gt
T8 a8 35495 28¢L %Rk
0o g B w9
£ g 3°%

Figure 2-13 Circuit diagram (for reference)
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2.7 Parts list for reference
Table 2-3 lists the parts.

Table 2-3 Parts list (for reference)

No. Mount Parts | - Size code Type Value Parts number Manufacturer
Reference (mm)
1 IC1 RX23W QFN chip Renesas
2 X1 1612 Crystal 32.00MHz | CX1612DB32000A0WPNC1 Kyocera
Inductor for decoupling 10uH MLZ1608M100WT000 (*1) TDK
3 L1 1608 circuits (*1)
Short pattern (*2) — — —
Reserved inductor (*1) — — —
4 L2 1005
Short pattern (*2) - — —
2.2uF (*1) GRM155R61A225KE95 (*1) Murata
5 C1 1005 Chip ceramic capacitor
470nF (*2) | GRM155B30J474KE18(*2) Murata
6 Cc2 1005 Chip ceramic capacitor 2.2uF GRM155R61A225KE95 Murata
7 C3 1005 Chip ceramic capacitor 0.1uF GRM155R61E104KA87D Murata
8 L101 1005 Multilayer type RF inductor 7.5nH (*3) LQG15HS7N5J02 Murata
9 C101 1005 Chip ceramic capacitor 0.5pF (*3) GCM1555C1HR50BA16 Murata
Notes: *1. DC-DC converter mode
*2. Linear regulator mode
*3. notch filter used
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3. Board design guidelines for RX23W BGA

3.1 RX23W BGA Pin list

Table 3-1 is the description of Bluetooth 5.0 RF transceiver unit pins in RX23W BGA.

Table 3-1 Description of Bluetooth 5.0 RF transceiver unit pins in RX23W BGA

Pin Number Pin Name 110 Functions
Bluetooth-Dedicated clock output pin, whose frequency can be set to 4,
Outout 2, or 1MHz. The default output setting is off. Connecting the clock
F10 CLKOUT_RF P output pin to the external clock input pin of MCU, the RF clock can be
used as the MCU system clock.
RF single 1/O pin for RF transceiver.
K2 ANT In/Out : . o
Adjust the characteristic impedance of the signal line to 50o0hm.
Inout Pins for connecting the Bluetooth-dedicated clock oscillator. 32-MHz
K7 XTAL1_RF P oscillator connection pin
Outout Pins for connecting the Bluetooth-dedicated clock oscillator. 32-MHz
K6 XTALZ2_RF P oscillator connection pin
K9 DCLOUT Output RF transceiver power-supply (DC-DC converter or linear regulator) output pin
RF transceiver power-supply output connection pin. This pin should be
Inout connected to an external inductor and capacitor when the DC-DC
G10 DCLIN_A P converter mode is selected. When the linear regulator mode is selected,
this pin should be connected to an external capacitor.
RF transceiver power-supply output connection pin. This pin should be
Inout connected to an external inductor and capacitor when the DC-DC
H10 DCLIN_D P converter mode is selected. When the linear regulator mode is selected,
this pin should be connected to an external capacitor.
J10 VCC RF Input RF transceiver power supply pin
K8 AVCC RF Input RF transceiver power supply pin
RF transceiver ground pin
KA1 ICGND Input
VSS RF n this document, this pin is calle .
( _RF) In this d t, this pin i lled “ICGND”
D4,E3,F3,F8, RF transceiver ground pin
G3,G8,H3,H5 In
’ s ’ ’ put
H6,H7,J2,J7,K VSS_RF
3 and K10
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3.2 Oscillator circuit for Bluetooth-dedicated clock
Note the following when designing an oscillator circuit for Bluetooth-dedicated clock.

¢ Place the crystal resonator close to the “XTAL1_RF” and “XTAL2_RF” pins. We recommend the wiring
length between the RX23W and the crystal resonator of approximately 7 mm, as shown in "Figure 3-2
Example of the pattern around the crystal resonator".

e Shield the pattern for the “XTAL1_RF” and “XTAL2_RF” pins with the ground pattern. Do not place the
pattern for these signals in parallel with or across other patterns where a large current flows or the level
changes frequently.

¢ Not place any signal, power, and ground lines except the oscillator circuit's on and below the oscillator
circuit area. We recommend that the ground pattern is placed in the layers under the oscillator circuit, as
shown in "Figure 3-2 Example of the pattern around the crystal resonator”.

e Separate the oscillator circuit and the signal line from an antenna to “ANT” pin by placing slit patterns on
all layers.

e Ensure a return path in layer2 (additional layer3 if possible) from ground of the crystal resonator to
"WVSS_RF”, as shown in "Figure 3-2 Example of the pattern around the crystal resonator".

e External load capacitors (CL) for frequency tuning are unnecessary, because the capacitors are built in
IC. For Tuning procedure of Bluetooth dedicated clock frequency, see the descriptions of the application
note, the Hardware Design Guide(R01AN4762). The latest version can be downloaded from the Renesas
Electronics website.

¢ Insert a damping resistor (Rd) as required. Set the resistance to the value recommended by the oscillator
manufacturer as the value depends on the oscillator and its driving capability. If the oscillator
manufacturer states that the addition of a feedback resistor (Rf) to the oscillator is required, insert Rf
between XTAL1_RF and XTAL2_RF according to the instructions.

¢ When the frequency-divided clock for the Bluetooth-dedicated clock is output, note designing board
pattern. The wiring length should be as short as possible. In addition, must not branch the wiring. And
avoid using vias on the transmission line. A maximum of 2 is recommended.

¢ Shield the transmission line of CLKOUT_RF with the "VSS" pattern to avoid noise couplings to
“VSS_RF”.

Note: Bluetooth 5.0 RF transceiver clock frequency accuracy which includes initial error, temperature drift,
and ageing effect should be less than or equal to +/-50ppm in the Bluetooth specification. Therefore,
the frequency error should be as less as possible.

Figure 3-1 shows an example of the crystal resonator connection. Figure 3-2 shows an example of the
pattern around the crystal resonator.
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VSS RF XTAL2_RF XTAL1_RF
4VAYAY, l
Rf
Rd
§ X1
Tl
L L
Hanr
— |— -l

-

Note: The resistance of Rd and Rf should be determined thorough oscillation characteristics evaluation with
a crystal resonator to be mounted. These resistors might not be required, depending on the oscillation
characteristics.

Figure 3-1 Example of the crystal resonator connection.

<Parts surface> ] b 5 <layer2>

<layer3= <solder side>

Figure 3-2 Example of the pattern around the crystal resonator
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Table 3-2 shows confirmed operation crystal resonator list (reference).

Table 3-2 Tested crystal resonator list (reference)

SMD/Lead Frequenc Frequency | Frequency g:::;;alent Load
Manufacturer | Parts number size code 9 Y | Tolerance Stability . Capacitance
. (MHz) Resistance
(in mm) (ppm) (ppm) (pF)
(ohm)
NDK NX16125A 32 000MAZ- 1 1612 32.00 +/-10 +20 | Max100 6
NDK NX121%’?‘_|%_3%'(?§OMHZ' 1210 32.00 Total +/-30 Max 100 6
CX1612DB32000
Kyocera AOWPNCA 1612 32.00 Total +/-25 Max 100 5
CX1210SB32000
Kyocera BOGPJCA 1210 32.00 Total +/-30 Max 80 6
Murata XRCMD32M000FZQ52R0 1612 32.00 Total +/-30 Max 60 6
Murata XRCTD32M00ON1POORO 1210 32.00 Total +/-30 Max 120 6
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3.3 Antenna connection pin
Note the followings for antenna connection pin design.

o Adjust the characteristic impedance of 50o0hm for the signal line from an antenna to “ANT” pin. Optimize
the width of signal line and the gap between signal line and ground pattern, considering the PCB
permittivity and layer thickness. Depending on the antenna used, additional parts such as inductors or
capacitors may be required. In the "Figure 3-3 Example of the pattern around “ANT” pin", the coplanar
waveguide is used.

e When mounting a connector, keep the characteristic impedance of 50ohm including the connector.

e The directly under layer of the coplanar waveguide should be solid ground, having no crossing with any
signal, power, and other ground lines.

e Place vias as many as possible between the coplanar waveguide ground pattern and the solid ground.
We recommend that the via spacing should be approximately 0.9mm, as shown in "Figure 3-3 Example
of the pattern around “ANT” pin".

Figure 3-3 shows an example of the pattern around “ANT” pin.

Figure 3-3 Example of the pattern around “ANT” pin
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o Pay attention to an emission level of 5th order harmonics, when selecting 4 dBm transmitted output mode
and evaluating of US(FCC) regulatory with a coaxial cable. The emission should be suppressed with an
RF filter implementation.

RF filter requirements
Frequency band to be suppressed: 12.01 to 12.4 GHz
Minimum attenuation: 8dB

e Pay attention to an emission level of 3rd order harmonics, when selecting 0 dBm transmitted output mode
and evaluating of US(FCC) regulatory with a coaxial cable. The emission should be suppressed with an
RF filter implementation.

REF filter requirements
Frequency band to be suppressed: 7250 to 7440 MHz
Minimum attenuation: 2dB

This document describes an example of an open circuit stub and an example of LPF using SMD parts. Both
of these circuits can suppress 5th order harmonics of 4 dBm transmitted output mode and the 3rd order
harmonics of 0 dBm transmitted output mode.

Figure 3-4 shows an example of the open circuit stub.

W, s | W
o S Permittivity(er)=4.45
SIS IS, S=0.41mm
W=0.72mm
Er h h=0.2mm
Frequency=12400MHz (2480MHz x 5)
A A A A A A A A SIS S A A S S SIS A

GND

Obtain an effective permittivity er.eff from the above board R ,
composition. SRR t=5.22amm WY
effective permittivity ereff = 3.515 i TR

0.41mn1<"
<

The wavelength of 12400MHz is approximately 24.18 mm. N8 ; S \
Then calculate the length of a stub by using the formula = g72mm| |0.72mm :
below. ‘ “

the length of a stub L= 0.25*A / (ereff)® = 3.224mm

Note: Place the open circuit stub as close to “ANT” pin as
possible. We recommend that it should place
approximately 2.5mm, as shown in example pattern
on the right figure.

Figure 3-4 Example of the open circuit stub

Note: The pattern width and pattern pitch for impedance control vary depending on board thickness,
material, and layer configuration. Contact the board manufacturer for more information.
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Figure 3-5 shows an example of LPF using SMD parts

L201

ANT _L o
T caor

C201 = GJM1555C1HR20WBO01 (0.2pF +/-0.05pF)
L201 = LQG15HS1NSS02 (1.5nH +/-0.3nH)

Figure 3-5 Example of LPF using SMD parts

Note: Depending on the PCB design, the value may differ. Adjust the value, if necessary.
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¢ When certifying of Korea (KCC) regulatory, an emission of 1.9GHz frequency band should be suppressed

with an RF filter implementation.

RF filter requirements
Frequency band to be suppressed: 1921 to 1984 MHz
Minimum attenuation: 7dB

This document describes an example of a notch filter. Figure 3-6 shows an example of the notch filter.

C101

ANT
% L101

L101 = LQG15HS7N5J02 (7.5nH +/-5%)
C101 = GCM1555C1HR50BA16 (0.5pF +/-0.1pF)

RF filter requirements
Frequency band to be suppressed : 1921 to 1984 MHz
Minimum attenuation : 7dB

Note: Depending on the PCB design, the value of capacitor C101 may differ.
Adjust the value of capacitor C101, if necessary.

Figure 3-6 Example of the notch filter
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3.4 Power supply mode for Bluetooth 5.0 RF transceiver
Note the followings for external circuit design in each power supply mode of the Bluetooth 5.0 RF

transceiver. User should select the power mode for Bluetooth 5.0 RF transceiver which DC-DC converter
mode or Linear regulator mode.

When the DC-DC converter mode is selected, inductors on PCB are required. However, the BLE operating
current reduction is conferred. On the other hand, When the Linear regulator mode is selected, BLE
operating current increases more than DC-DC converter mode. However, the BoM cost and Board area can
be reduced because mounting inductors for DC-DC converter mode is unnecessary.

3.41 DC-DC converter mode
Note the followings in external circuit design for the DC-DC converter mode.

o Design the signal pattern from “DCLOUT” pin to “VSS_RF” through an inductor “L1” and a capacitor “C1”
shorter and wider for low impedance connection. Place ground pattern in area which is enclosed with line
connecting “DCLOUT” and “DCLIN_A”", as shown in "Figure 3-8 Example of the PCB pattern for DC-DC
converter mode". In addition, connect a capacitor “C1” and “VSS_RF” to this ground pattern.

e Connect the line connecting “DCLOUT” and “DCLIN_A” on parts surface of the board through no the via.

e Reduce loop area which is enclosed with line connecting “DCLOUT” and “DCLIN_A” as small as possible.

e Placing the inductor “L1” and capacitor as close as possible to the “DCLOUT” pin is recommended.

¢ Not place other SMD parts except the external circuit for DC-DC converter mode, on the loop which is
enclosed with line connecting “DCLOUT” and “DCLIN_A".

e Ensure a return path in layer2 (additional layer3 if possible) from ground in the loop to "VSS_RF”, as
shown in "Figure 3-8 Example of the PCB pattern for DC-DC converter mode".

¢ Recommended electrical characteristics of “L1” is follows;

— Inductance=10uH +/-20%

— Rated current (min)=90mA

— DC resistance(max)=1.0ohm

— Self resonant frequency(min)= 30MHz.

— Less power loss and good DC superimposing

e “C2’ capacitance should be less than or equal to 2.2uF +/-20%.

¢ Not place any analog signal, power, and ground lines except the external circuit for DC-DC converter
mode, on and below the circuit area.

¢ Recommended electrical characteristics of “L2” is follows;

— Inductance=4.7nH +/-0.3nH
— Rated current (min)=500mA
— DC resistance(max)=0.2ohm
— Self resonant frequency(min)= 6GHz
With mounting an inductor “L2”, the noise level of higher harmonics due to switching can be reduced.

RO1AN4534EJ0201 Rev.2.01 Page 30 of 52
Sep.30.21 RENESAS



RX23W Group

Guidelines for Bluetooth Board Design

Figure 3-7 shows an example of the external circuit for DC-DC converter mode, Figure 3-8 shows an
example of the PCB pattern.

VCC_RF DCLOUT

DCLIN_D

DCLIN_A VSS_RF

C2

0 1

T

o
C1

L1 =10uH
L2 =4.7nH
C1=2.2uF
C2 =2.2uF

Figure 3-7 Example of the external circuit for DC-DC converter mode
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~“<Parts surfai:é:- <layerZ>

Ground pattern in the loop which
is enclosed with line connecting
“DCLOUT” and “DCLIN_A".

/ <layer3> : <solder side>

Figure 3-8 Example of the PCB pattern for DC-DC converter mode
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3.4.2 Linear regulator mode
Note the followings in external circuit design for the Linear regulator mode.

¢ Make the signal pattern from “DCLOUT” pin to “VSS_RF” through “C1” shorter and wider for low
impedance connection. Place ground pattern in area which is enclosed with line connecting “DCLOUT”
and “DCLIN_A”, as shown in "Figure 3-10 Example of the PCB pattern for Linear regulator mode". In
addition, connect a capacitor “C1” and “VSS_RF” to this ground pattern.

e Connect the line connecting “DCLOUT” and “DCLIN_A” on parts surface of the board through no the via.

e Reduce loop area which is enclosed with line connecting “DCLOUT” and “DCLIN_A" as small as possible.

o Not place other SMD parts except the external circuit for Linear regulator mode, on the loop which is
enclosed with line connecting “DCLOUT” and “DCLIN_A”".

e Ensure a return path in layer2 (additional layer3 if possible) from ground in the loop to "VSS_RF”, as
shown in "Figure 3-10 Example of the PCB pattern for Linear regulator mode".

¢ Not place any analog signal, power, and ground lines except the external circuit for Linear regulator, on
and below the circuit area.

o “C2’ capacitance should be less than or equal to 0.47uF +/-20%.

Figure 3-9 shows an example of the external circuit for Linear regulator mode, Figure 3-10 shows an
example of the PCB pattern.

VCC_RF DCLOUT DCLIN_D DCLIN_A  VSS_RF

_LC1
T

C2

C1=0.47uF
C2 =2.2uF

Figure 3-9 Example of the external circuit for Linear regulator mode
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“<Parts surface> . b e <layer2>

Ground pattern in the loop which
is enclosed with line connecting
“DCLOUT” and “DCLIN_A".

/ <layer3> o <solder side>

Figure 3-10 Example of the PCB pattern for Linear regulator mode
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3.5 Power supply and ground patterns
Note the followings for power supply patterns and ground patterns design.

3.5.1 Power supply
Note the followings for power supply patterns design.

¢ Not bring other power, and ground lines close up “AVCC_RF” and “VCC_RF” to avoid noise couplings.

e Connect power supply patterns “VCC_RF”, “AVCC_RF”, and other power supply “VCC” with single point
short. And separate power supply patterns “VCC_RF”, “AVCC_RF”, and “VCC” each other.

o Make the power supply patterns of “VCC_RF” and “AVCC_RF” low impedance.

e Place bypass capacitors of “VCC_RF” and “AVCC_RF” nearby IC pin.

e Not place one or more vias on a connection between a bypass capacitor and “VCC_RF” or “AVCC_RF”

pin.

Figure 3-11 shows an example of how to place the bypass capacitors.

Power Supply

VCC_RF 1
C2

AVCC_RF

VSS RF |—e I

C3

C2 =2.2uF
C3 =0.1uF

Note: Noise varies depending on the board mounting. Add bypass capacitors as required.

Figure 3-11 Example of bypass capacitor connection
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3.5.2 Ground
Note the followings for ground patterns design.

e Design a ground pattern to be as wide plane as possible.

¢ When using ground pattern as the shield line, place away from the oscillation circuit and the digital circuit
as much as possible not to give noise the shield line.

e Under layer of IC Package should be “VSS_RF” solid ground. Make the ground patterns of “VSS_RF” low
impedance. Not pass other power, and ground lines through the reference ground to avoid noise effects.
And not separate the reference ground pattern. It is recommended to place vias as shown in "Figure 3-12
Example of the ground pattern”.

¢ Not bring other power and ground lines close up “VSS_RF” to avoid noise couplings.

¢ When connecting the ground pattern to other layer of same potential, the connection should be low
impedance with many vias.

e Connect “VSS_RF” and other grounds which are “VSS”, “AVSS0”, and “VSS_USB”, with single point
short.

e Separate “ICGND” pin and " VSS_RF” on the surface layer of the board.
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Figure 3-12 shows an example of the ground pattern.

<Parts surface> Separate the ground area for <layer2>
: m "VS5_RF" and "ICGND" on the 3
parts surface of the board.

@ VSS. AVSSO,
VSS _USB

<layer3= =solder side>

VSS. AVSS0.
3 VSS_USB

VSS. AVSSO.
VS5 _USB

Figure 3-12 Example of the ground pattern
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3.6 Circuit diagram for reference

Figure 3-13 shows a reference circuit diagram in which the Bluetooth 5.0 RF transceiver related part is only
described.

VCC_RF
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wocg [B——B18 aven e, Ry |10
Voo VOC_RF AVCC_RF wss B——20 ] wsso oo |-G10
cio peLIN_ o |Hi0 =i —=a
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vrery B———210 vReFLo
shoet short 1 L2
voie B—— 8 v oowout HE T m
A9
va B——va
wraLs ke 7
x1
vss B—E v iz pr ]
I2MHz XTAL Artena
K4 .
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Figure 3-13 Circuit diagram (for reference)
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3.7 Parts list for reference
Table 3-3 lists the parts.

Table 3-3 Parts list (for reference)

No. Mount Parts | Size code Type Value Parts number Manufacturer
Reference (mm)
1 IC1 RX23W BGA chip Renesas
2 X1 1612 Crystal 32.00MHz | CX1612DB32000A0WPNC1 Kyocera
Inductor for decoupling 10uH | MLZ1608M100WTO00 (*1) TDK
3 L1 1608 circuits (*1)
Short pattern (*2) — — —
Chip Inductor (*1) 4.7nH LQG15HS4N7S02 Murata
4 L2 1005
Short pattern (*2) — — —
2.2uF (*1) GRM155R61A225KE95 (*1) Murata
5 C1 1005 Chip ceramic capacitor
470nF (*2) | GRM155B30J474KE18(*2) Murata
6 Cc2 1005 Chip ceramic capacitor 2.2uF GRM155R61A225KE95 Murata
7 C3 1005 Chip ceramic capacitor 0.1uF GRM155R61E104KA87D Murata
8 L101 1005 Multilayer type RF inductor 7.5nH (*3) LQG15HS7N5J02 Murata
9 C101 1005 Chip ceramic capacitor 0.5pF (*3) GCM1555C1HR50BA16 Murata
Notes:*1. DC-DC converter mode
*2. Linear regulator mode
*3. notch filter used
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4. Board design guidelines for RX23W LGA

The RX23W LGA is a module incorporating a crystal resonator for Bluetooth-dedicated clock and a small
PCB trace antenna. We strongly recommend the use of four-layer or six-layer boards for the main board

design.
The configuration examples of the actually manufactured board are shown below.

e Configuration example for four-layer boards

Layer Configuration of the Board
Parts surface:RX23W LGA, RF transceiver signals, bypass capacitors, and other signals
Layer2:Ground plane
Layer3:Power plane, signals except RF transceiver part
Solder side: Signals except RF transceiver part

Board material: FR4
Dielectric constant er: 4.3, dielectric loss tangent: 0.016

Layer configuration of the board: 4 layers, total thickness of 1.6 mm

e Configuration example for six-layer boards

Layer Configuration of the Board
Parts surface:RX23W LGA, RF transceiver signals, bypass capacitors, and other signals
Layer2:Ground plane
Layer3:Power plane, signals except RF transceiver part
Layer4:Signals except RF transceiver part
Layer5:Ground plane, signals except RF transceiver part
Solder side: Signals except RF transceiver part

Board material: FR4
Dielectric constant er: 4.3, dielectric loss tangent: 0.018

Layer configuration of the board: 6 layers, total thickness of 1.6 mm

In this section, the guidelines of the RF transceiver unit are shown based on the above layer configuration.
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41 RX23W LGA Pin list

Table 4-1 is the description of Bluetooth 5.0 RF transceiver unit pins in RX23W LGA.
Figure 4-1 shows an example of connections for each pin.

Table 4-1 Description of Bluetooth 5.0 RF transceiver unit pins in RX23W LGA

Pin Number Pin Name /0 Functions
Bluetooth-Dedicated clock output pin, whose frequency can be set to 4,
Outout 2, or 1MHz. The default output setting is off. Connecting the clock
24 CLKOUT_RF P output pin to the external clock input pin of MCU, the RF clock can be
used as the MCU system clock.
In/Out RF single 1/O pin for RF transceiver.
10 ANT Adjust the characteristic impedance of the signal line to 50ohm.
In/Out This pin is used for input to and output from the internal antenna.
11 INT_ANT It should be connected to "ANT" pin on the main board.
74 XTAL1 RF Input Pins for connecting the Bluetooth-dedicated clock oscillator.
— "XTAL1_RF" and "XTAL2_RF" pins should be connected on the main
75 XTAL2_RF Output board.
76 DCLOUT Output RF transceiver power-supply (linear regulator) output pin
77 DCLIN D Input RF transceiver power-supply output connection pin.
— This pin should be connected to "DCLOUT" pin on the main board.
78 DCLIN_A Input
Power supply pin. Connect it to the system power supply.
31 VCC Input RF transceiver power supply pin("VCC_RF", "AVCC_RF") share the
same external pin with "VCC" pin.
ICGND Inout RF transceiver ground pin.
73 (VSS_RF) P In this document, this pin is called “ICGND”.
9,12,13,14, RF transceiver ground pin
15,16,17,18 In
» 10, put
19,20,79,80, VSS_RF
81,82,83
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RX23W LGA
Power Supply
-T— INT_ANT [ ]}
| vcc
ANT |1
pcLout ||
DCLIN_D ||t
pcun_ A [}
XTAL2_RF [_]
[ 1cGnD
XTALL RF |}
® ] vss_RrF
el Clock output
VS5 _RF CLKOUT_RF P

Figure 4-1 Example of connections for each pin
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4.2 Oscillator circuit for Bluetooth-dedicated clock
Note the followings for "XTAL1_RF" and "XTAL2_RF" pins design.

2-1. The crystal resonator and external load capacitors (CL) for frequency tuning are unnecessary, because
they are builtin IC.

2-2. Connect the wiring between pins "XTAL1_RF” and "XTAL2_RF” on the solder side through the via holes
shown in Figure 4-2. When this guideline is kept, the adjustment of the frequency of the Bluetooth-
dedicated clock oscillator is not necessary.

The initial setting (CLVAL = 7) of Bluetooth middleware can be used without adjustment.
CLVAL : Capacitor setting for frequency tuning

Via hole PAD size : 0.4mm
| >

N E—

Via hole size : 0.2mm

Figure 4-2 Via size for "XTAL1_RF" and "XTAL2_RF" pins
(Common to both four-layer board and six-layer board)

2-3. When the frequency-divided clock for the Bluetooth-dedicated clock is output, note designing board
pattern. The wiring length should be as short as possible. In addition, must not branch the wiring. And
avoid using vias on the transmission line. A maximum of 2 is recommended.

2-4. Shield the transmission line of CLKOUT_RF with the "VSS" pattern to avoid noise couplings to
“VSS_RF”.

4.3 Antenna connection pin
Note the followings for "ANT" and "INT_ANT" pins design.

3-1. When the internal antenna is used, the wiring length between "ANT" and "INT_ANT" pins should be as
short as possible on the parts surface of the main board.

3-2. When the internal antenna is not used, "INT_ANT" pin should be open.

3-3. When evaluating RF characteristics directly from "ANT" pin, Adjust the characteristic impedance of
500hm for the signal line.
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4.4 Power supply mode for Bluetooth 5.0 RF transceiver
Note the followings for "DCLOUT", "DCLIN_A" and "DCLIN_D" pins design.
4-1. The capacitor for Linear regulator is unnecessary, because the capacitor is built in IC.

4-2. We recommend that the “DCLOUT”, “DCLIN_A”, and “DCLIN_D” pins be wired in two layers, the parts
surface and the solder side.

4.5 Ground
Note the followings for ground patterns design.

5-1. Not separate the ground area with other signal lines so that the ground area is as wide plane as
possible.

5-2. Not place power supply and signal lines on the layer 2 as it should be a solid ground.

5-3. Connect “VSS_RF” and other grounds which are “VSS”, “AVSS0”, and “VSS_USB”, with single point
short. And separate the ground pattern directly under the IC package as shown in Figure 4-3.

5-4. When connecting the ground pattern to other layer of same potential, the connection should be low
impedance with many vias.

5-5. Connect "ICGND" pin to “VSS_RF” only on the solder side through a via.
Note that the "VSS_RF" is separated on the parts surface side directly under the IC package.
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Figure 4-3 shows an example of the pattern under the RX23W LGA package.

Parts surface> — (")) Slayer2>

55 : "ICGND"

3-1:7INT_ANT" ™ : "XTALL_RF", "XTAL2_RF" 5-2 : Solid ground

w
xl
v
7]
>
-
o
O
Q
x
@
©
c
3
o
o
o

4-2 : "DCLOUT", "DCLIN_A", "DCLIN_D"

5-3 : Separation of VSS_RF and other ground

'} <Solder side>

5-5 = "ICGND" i 5-5 1 "ICGND"

, "XTAL2_RF" = 2-2 1 "XTALL_RF", "XTAL2_RF"

Ground except VSS_RF

Figure 4-3 Example of the pattern under the RX23W LGA package
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4.6 Antenna layout

Note the followings for the internal antenna patterns design.

The antenna is built in the unsputtered 6.1x3.0mm area, as shown in Figure 4-4.

Antenna area

6.1mm

Sputter area

INDEX

K

< TOP VIEW >

6-1.

6-2.

6-3.

6-4.

6-5.

Figure 4-4 Antenna built in area

Place this MCU near the top right corner of the main board.

The area directly under and to the right of the antenna area is the pattern prohibiting area where the
copper foil pattern cannot be placed. Do not place any signal, power, and ground lines on all layers of
this area.

Place "VSS_RF" pattern on all layers in the area on the left side of the antenna area. And the “VSS_RF”
pattern must not be separated and many vias should be placed.

Place "VSS_RF" on the main board with an overlap width of 0.5 mm on the lower layer of the left side of
the antenna.

Place "VSS_RF" pattern in the left area and lower area so as to surround the pattern prohibiting area for
antenna on the main board. And the “VSS_RF” pattern must not be separated and many vias should be
placed.

. This MCU must be mounted 20mm from the right end(Copper foil edge) of the main board. However,

when the transmission power setting is 0 dBm mode, it can be mounted at a position 20 mm or less
from the right end of the main board.
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Figure 4-5 shows an example of the antenna layout.

6-2 : Not place power supply and signal lines. }

6-4 : "VSS_RF" with an overlap width of 0.5 mm.

6-5 1 "VSS_RF" pattern that surrounds the clearance area.

Figure 4-5 Example of the antenna layout
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4.7 Main Board Design

To secure the antenna characteristics, take into account the following points to note in mounting this module

on the main board.

7-1. It is recommended that the length of the main board is longer than 40 mm to get optimal antenna
performance, because the image antenna including the ground is formed on the main board.

7-2. Make a solid ground to be included in the layer configuration of the main board as large as possible.

7-3. The outer periphery of the main board except for the pattern prohibiting area where the copper foil
pattern cannot be placed directly under the antenna must be surrounded by “VSS_RF” patterns, and as
many ground vias as possible must be placed.

7-4. It is recommended to mount at locations A, B, C and D as shown in Figure 4-6.
In the case of mounting at locations E, F, G, H, and |, good antenna characteristics cannot be obtained.

Figure 4-6 shows an example of the main board layout.

without
pattern

Main Board

O

Good

Location A

Without
pattern

O Good

Location D

Location B

without
pattern

O Good

O

Good

Location C

without
pattem

= 40mm

Main Board

Location E

.

X

No Recommendation

Without

pattern

Location |

Without
pattern

X

No Recommendation

X

Location H

Without
pattern

Location F

Location G

X

No Recommendation

No Recommendation

No Recommendation

X

without
pattern

40mm

>

Figure 4-6 Example of the main board layout
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4.8 Emission characteristics

Figure 4-7 shows the coordinate axes, the positions where rotation starts (0°), and the directions of rotation
of the evaluation board. The coordinate axes are defined as shown in Figure 4-7(a). The positions where
rotation starts (0°) and its directions in obtaining the emission patterns in each plane are defined as shown in

Figure 4-7(b).

ps
2 |

RX23W Module

Qe

XY Plane YZ Plane

XZ Plane

(a) Coordinate axes

(b) Positions where rotation starts (0°) and its directions

Figure 4-7 Coordinates and Rotation of the main board

Figure 4-8 shows the measurement results of the internal antenna emission characteristics.

(a) XY Plane

Haorizontal
Vertical

Measurement frequency: 2440MHz
Average gain: -10.9 dBi

Maximum gain: -7.7 dBi

(b) YZ Plane
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Measurement frequency: 2440MHz

Average gain: -11.9 dBi
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Measurement frequency: 2440MHz

Average gain: -12.0 dBi
Maximum gain: -9.4 dBi

Figure 4-8 Measurement results of the internal antenna emission characteristics
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4.9 Housing Design

When this MCU is housed in a plastic housing, it is recommended that the distance between the main board
and the plastic housing keep at least 1 mm away in order to ensure the characteristics of the antenna. At this
time, keep at least 1 mm away from the top of the package only on the mounting surface of this MCU.

Note: Since the constraints are based on the conditions shown in Figure 4-9, the antenna characteristics are
affected by the actual designed housing structure.

Plastic housing structure
Material: ABS resin (Dielectric constant: 3.0, Dielectric loss tangent: 0.01)
Thickness: 1.0mm

1.6m

Main board
FR-4 (Dielectric constant: 4.4, Dielectric loss tangent: 0.02)
Thickness: 1.6mm
Board dimensions: 40 x 40 mm

Figure 4-9 Plastic housing conditions
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4.10 Foot pattern design example

There are two types of mounting pad; solder mask defined (SMD), in which the solder resist overlays the
mounting pads, and non solder mask defined (NSMD), in which the solder resist does not overlay the pads.
Figure 4-10 shows the foot pattern design example with pin number 83 (1000 x 1000um).

Solder Resist open _ Padopen
Pad open Solder Resist open
Main board Main board
4 »> ¥
1000um 1000um
‘1 _1100um || ‘1 _1100um ||
A IS ! i
£l |E El |E! i
= = =] =5 0 I
o o o = i
o o o =1 |
o i (e ] - I
— — — ! i
* Y " l;:_______________________:
NSMD type SMD type

Since the stress after solder mounting is distributed evenly at the solder joint, it is said that it is acceptable to
design the mounting pad dimensions to have the same as the dimension of the lands on the package.

Figure 4-10 Foot pattern design example
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Viu (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

10.

11.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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