:{EN ESANAS Application Note

RTKOEE0017D11006BJ

Design guidelines for circuit boards with the external power amplifier

Introduction

This document gives guidelines for designing circuit boards that incorporate the RF transceiver and the power amplifier.
This document explains the daughter board design of the evaluation kit as an example. The evaluation kit consists of a

mother board (RTKOEE0013D12002BJ) and a daughter board (RTKOEE0017D11006BJ). The RTKOEE0017D11006BJ
consists of MCU / RF transceiver (RX65W-A), power amplifier (F1471), and RF switch (BGSX22G5A10).

Note:

Descriptions in this application note are examples for reference. Following the guidelines does not guarantee the
quality of characteristic signals. In attempting to use this device in your actual system, extensively consider and
evaluate the system as a whole. Choosing to use the device in your system is at your own responsibility.

Target Device

RX65W-A

Contents

(I @ =T Y 1= TSRO 3
1.1 Related OCUMENTS... ..ottt bt ea et s bt e e ean e ene e s aaee e 3
1.2 Appearance of the evaluation Kit..............ccoouiiiiiiiiiii e e e 3
1.3  Appearance of the RTKOEE0017D11006BJ (Daughter board) ..........ccccoviiiieiiiiiiiieeeiee e 4
1.4  Appearance of the RTKOEEO013D12002BJ (Mother board) ...........cccvieeiiiiieee i 4
2 1o 1) o Y3 o [ 5
2.1 Interface of power @ampPlifier (FTA71) .o et e e e e e enee e e e s anneeee e nees 5
2.2  Interface of RF SWItCh (BGSX22G5AT0) .. .ciiiiiiiiieeiiiiie et e ettt e e st e st e e s e e e esbeee e s steeeeeanbeeeeenes 5
b B S = (o o= 1 1 o L= OO PP PPN 6
2.3.1 RF transceiver output matChing CirCUIL..........cc.eeiiiiiiiii e 6
B T QS Y\ AT {11 (=Y o o1 o U 1 ST 6
2.3.3  RX SAW I CIFCUIL .. neeeeeiiee ettt ettt et e e e e e e e e saeeeaeeeneeemeeaeeeaseeseeeaseeseeaaneeannnans 6
2.4 Power amplifier CIFCUIL .........oo it e e e ea et e e e et e e e sbneee e s snnneeesaanee 7
241 PA input/ output matChing CIFCUIL.........oueiiiii e e 7
2,42 PA DIBS CIFCUIL.....eeiietie ittt ettt e s et bt e bt e sttt e aae e e e b e e n e e s nar e 7
2.5 ANENNA SIGNQAI HINE ...ciieii e e e et e et e et e e eab e e s a e e e e ene e e e e anne e 8
2.6 ReferenCe CIOCK CIFCUIL ..........iiiiii ittt ea et et e ab et e et e s b e e e e s naee e 9
2.6.1  USING @ 48MHZ TCOXO ....ceiiiiiiie ettt ettt et e e e et e e e e s st e e e s e sseee e e snsbeeeeensbaeeeansneeeeeannneeeeannres 9
PG U L1 To = T O] LU o o PSPPSR 10
2.7  DC-DC CONVEIEE CIFCUIL ......eeiiieiiiieiii ettt et rh ettt ettt e et e e bae e nabeeenee s 11
2.8 POWET SUPPIY CIFCUIL...ceieeeiee ittt et e e e e et e e e bt be e e s sabre e e e snneeeeennes 11
R T I 1Yo T o 1= T o PSP 12
RO1AN8237EJ0100 Rev.1.00 Page 1 of 27

Feb.20.26 RENESAS



RTKOEE0017D11006BJ Design guidelines for circuit boards with the external power amplifier

K I 1T [ F= | I 11 = PRSP PP 13
R e 1T [ F= 1 Lo T SRR 14
TR T O @ N o1 o1 U 1 OSSPSR 15
3.4 DC-DC CONVEIEI CIFCUIL ..eeiiuitiieei ittt ettt ettt ettt e b e e e b bt e e e s abe e e e enbeeee s snnreee e ennees 16
K o 1N YU o] o) YA o1 o1 U | SRS 17
3.5.1  RF ransceiver (RXBOW-A) ...ttt ettt ettt et e e et eee e s nre e e e ennes 17
KT o VY o= T 4T o) 11 = ol 7 PSR 18
K S B € o 10 oo [PPSR SPP 19
3.6.1  RF 1ransCeiver (RXBEW-A) ... .ottt ettt et e et e e e s srte e e e s enneeeeeentaeeeesanreeeeannees 19
K S T o Y o= T 4T o)1= o s 7 RSP 20
3.6.3 The outer periphery of the DOArd............cooo i 21
K I Y = = | o= LT T PSSV R OUPPUPRP 21
3.6.5 Connection of mother board and daughter board ... 22
4. Circuit Diagram for REfEreNCe ...........ueuiiiiiiiiiiiii e 23
Sy T @ o 01 o 1= To | - o PRSPPI 23
4.2 Bill Of MAEIIAIS ....coiieie et ettt e e s b et e e s bbb e e e e eanb e e e e eabbree s e aanneeeas 24
5. Configuration of Application NOE.........cooiiiiiii e 25
Y10 ) 1 (o Y 27
RO1AN8237EJ0100 Rev.1.00 Page 2 of 27

Feb.20.26 RENESAS



RTKOEE0017D11006BJ Design guidelines for circuit boards with the external power amplifier

1. Overview

This document explains the daughter board design of the evaluation kit as an example. The evaluation kit
consists of a mother board (RTKOEE0013D12002BJ) and a daughter board (RTKOEE0017D11006BJ). The
RTKOEEO0017D11006BJ consists of MCU / RF transceiver (RX65W-A), power amplifier (F1471), and RF
switch (BGSX22G5A10).

The RF characteristics are greatly affected by the design method. Therefore, in order to obtain the original
RF characteristics, it is recommended to design board according to the precautions described in this
document.

1.1 Related documents
Also refer to the following document related to this application note.

RO1UH0993EJ0110 : RX65W-A Group User's Manual: Hardware
R35AN0013EJ0100 : R9A06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

1.2 Appearance of the evaluation kit
The appearance of the evaluation kit is shown in Figure 1-1.

Figure 1-1 : Appearance of the evaluation kit
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1.3 Appearance of the RTKOEE0017D11006BJ (Daughter board)
The appearance of the RTKOEE0017D11006BJ is shown in Figure 1-2.

BGSX22G5A10

F1471

RX65W-A

Top View Bottom View

Figure 1-2 : Appearance of the RTKOEE0017D11006BJ (Daughter board)

1.4 Appearance of the RTKOEE0013D12002BJ (Mother board)
The appearance of the RTKOEE0013D12002BJ is shown in Figure 1-3.

Top View Bottom View

Figure 1-3 : Appearance of the RTKOEE0013D12002BJ (Mother board)
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Design guidelines for circuit boards with the external power amplifier

2. Circuit design

This chapter explains the circuit design when using the MCU / RF transceiver IC (RX65W-A) and a power
amplifier (F1471).

For the detail circuit design of F1471 peripheral circuit, refer to the manufacturer's data sheet.

21

Interface of power amplifier (F1471)

Table 2-1 shows the outline of F1471 pins and connection examples with the RF transceiver IC.

Table 2-1 : Outline of F1471 pins and connection examples

Pin Pin Name Description Connection
1 NC No internal connection. Ground
2 RFIN ) RX65W-A : C1(RFOUT)
RF input. Must use an external DC block. | connect to TX SAW filter output pin
3 RFIN Refer to chapter 2.3.
4 NC No internal connection. Ground
5 NC No internal connection. Ground
6 NC No internal connection. Ground
7 NC No internal connection. Ground
8 NC No internal connection. Ground
9 NC No internal connection. Ground
10 RFOUT RF output. Pull up to VCC through .
11 RFOUT inductoF;. Must us?a an external DgC block. Connect to RF switch
12 NC No internal connection. Ground
13 NC No internal connection. Ground
14 VCC Power supply Connect to power supply
RX65W-A : C4(GPI09)
15 I_REF Reference current and STBY pin. RX65W-A : B4(GPIO10)
Refer to chapter 2.4.
16 NC No internal connection. Ground
Die Pad | GND Ground Ground
2.2 Interface of RF switch (BGSX22G5A10)

Table 2-2 shows the outline of BGSX22G5A10 pins and connection examples with the RF transceiver IC.

Table 2-2 : Outline of BGSX22G5A10 pins and connection examples

Pin Pin Name Description Connection
1 GND Ground Ground
) . RX65W-A : A1(RFIN)

2 RF4 RF input / output pin Connect to RX SAW filter input pin
Refer to chapter 2.3.

3 GND Ground Ground

4 RF3 RF input / output pin Antenna

5 GND Ground Ground

6 RF1 RF input / output pin Antenna

7 GND Ground Ground

8 RF2 RF input / output pin Connect to PA output pin
Refer to chapter 2.4.

9 CTRL Control pin RX65W-A : A7(GPI06)

10 VDD Power supply Connect to power supply
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2.3 RF signal line

2.3.1 RF transceiver output matching circuit

When connecting an RF transceiver to the TX_SAW, it is recommended to mount matching components
(L&C) to set the output impedance of the RFOUT terminal to 50 ohms. Figure 2-1 shows the design example
of the matching circuit. Table 2-3 shows examples of the component values in the initial condition. Adjust the
component values by customer according to the board characteristics to be used.

2.3.2 TX SAW filter circuit
It is recommended to mount the SAW filter on TX signal line to meet radio wave regulations. Figure 2-1
shows the mounting position of the TX SAW filter.

2.3.3 RX SAW filter circuit

It is recommended to mount the SAW filter on RX signal line to consideration of RX intermodulation from
other systems (esp. cellular system). Figure 2-1 shows the mounting position of the RX SAW filter.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| ouput |
RFOUT " match 4”7 RF2

,,,,,,,,,,,,,,,,,,,,,,,,,,,

RFOUT terminal impedance

measurement point
of o

1 i i e o0 5 o =i
;5o PRI oo [ —" - ™ s || RFY. - . -
e Aoy | TR s e @ upoen
RX65W-A / RF switch
RIAD6GO62GNP

ouT G

Figure 2-1 : Example of RF signal line

Table 2-3 : Examples of the component values (SAW filter circuit)

ltem ETSI (860MHz band) ARIB (920MHz band)

TX/RX SAW ex. B39871B2600P810 ex. B39931B2645P810

RF_L 6.2 nH (ex.LQPO3TN6N2H02D) | 6.2 nH (ex.LQPO3TN6N2H02D)
RF_C 0 ohm 5.0 pF (ex .GRM0335C1H5R0BA01D)

As an example of the characteristics after matching, Figure 2-2 shows output return loss (S11) of the RF
transceiver obtained on a Renesas board.
The pattern circled in red in Figure 2-1 was cut and the RFOUT terminal side was measured from there.

ETSI(860MHz band)_FSK ETSI(860MHz band) OFDM [ | ARIB(920MHz band) FSK | ARIB(920MHz band)_OFDM

Figure 2-2 : Example of RF transceiver output return loss after matching
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2.4 Power amplifier circuit

2.41 PA input/ output matching circuit

The matching circuit must be mounted in the power amplifier input/output signal lines. Figure 2-3 shows the
design example of the matching circuit. Table 2-4 shows examples of the component values in the initial
condition. Adjust the component values by customer according to the board characteristics to be used.

" REF.RL

| REFR2 : REFR3 |
REF_C1

ik

VCC_PA

EENIN

RF_C PA_C1 PA_RL PAL3 PA_L4 82pF
RFOUT T - T It RFIN.  RFOUT A E g RF2
i T saw” vr| j_
L 1

RX65W-A / o Fl471se s smninn s : "~ RFswitch
R9A06GO62GNP_| oJie] LS
Figure 2-3 : Example of PA circuit
Table 2-4 : Examples of the component values (PA matching circuit)

ltem PA_C1 PA_L1 PAR!T | PAL2 | PAL3 | PAL4 | PAL5 | PAC2 | PAC3

[PF] [nH] [ohm] [nH] [nH] [nH] [nH] [PF] [PF]
Input 8.2 3.6 (ARIB) 43 - - - - - -

3.9 (ETSI)

Output - - - 1.8 4.3 6.8 1.0 4.3 6.0

As an example of the characteristics after matching, Figure 2-4 shows the gain (S21), isolation (S12), input
return loss (S11), and output return loss (S22) of the F1471 obtained on a Renesas board.

Port1 : PAIN
Port2 : PAOUT(ANT port)

e SMA connector (J1)
«
A .

\ NS
M ¥

= =&

PA bias condition
GPIO9 : Low
GPIO10 : High

Figure 2-4 : Example of the characteristics after matching

2.4.2 PA bias circuit

It is recommended to connect the |_REL pin of the F1471 to the GPIO pins on the RX65W-A. Figure 2-3
shows the design example of the bias circuit. Table 2-5 shows examples of the component values in the
initial condition.

Table 2-5 : Examples of the component values (PA bias circuit)

Item IREF_R1 [ohm] | IREF_R2[ohm] | IREF_R3[ohm] | IREF_C1 [pF]
Input 1.5k 120 15k 1000
RO1AN8237EJ0100 Rev.1.00 Page 7 of 27

Feb.20.26 RENESAS



RTKOEE0017D11006BJ

Design guidelines for circuit boards with the external power amplifier

2.5 Antenna signal line

When using a monopole antenna instead of a dipole antenna, it is recommended to mount antenna matching
components on the board. Figure 2-5 shows the circuit example of the antenna matching components. Table
2-6 shows examples of the component values in the initial condition.

In the initial condition, R1, R2, and R3 are not used as the antenna matching components. Adjust the
component values by customer according to the antenna characteristics to be used.

Table 2-6 : Examples of the component values (Antenna signal line)

ANT1
""""" o i i W
:R:Fl B2pF "R i e ‘
11
LR
icl jEcz
e s : ANsz
N/
aF3 82pF R2 ‘
R - — i
__________ il j‘ = j‘ c4
RF switch l ,.—L

Figure 2-5 : Example of Antenna signal line

Item R1/R2[ohm] | C1/C3[pF] C2/ C4 [pF]
Antenna matching 0 NM NM
RO1AN8237EJ0100 Rev.1.00 Page 8 of 27
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2.6 Reference clock circuit

2.6.1 Using a 48MHz TCXO

Figure 2-6 shows an example of the standard configuration of a circuit with the use of a temperature-
compensated crystal oscillator (TCXO). To suppress the harmonic components, we recommend adjusting
the voltage amplitude value of output from the 48-MHz TCXO. The voltage amplitude adjustment uses the
capacitance division of C1 and C2. Connect a capacitor (C3) to the XOUT pin.

Table 2-7 lists typical values of the constants for the circuit with the use of the NT1612SA from NDK as the
TCXO. Before final determination of the constants, we recommend you proceed with sufficient evaluation
from the various relevant viewpoints, such as the type of TCXO and the stray capacitance generated by the
patterns for your own PCB.

Figure 2-6 : Example of reference clock circuits (TCXO)

Table 2-7 : Examples of the component values (TCXO)

TCXO C1 [pF] C2[pF] | C3[pF] C4 [uF]
NT1612SA 9 18 1000 0.1

The RTKOEEO0017D11004BJ evaluation kit does not use a crystal oscillator. For the circuit design of the
crystal oscillator, please refer to the following application note.

R35AN0013EJ0100 : ROA06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver
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2.6.2 Using a CKOUT pin

Figure 2-7 shows an example of the circuit configuration using CKOUT pin. The RX65W-A has a function
that outputs a 16MHz clock, which is the 48MHz reference clock divided by 3, from the CKOUT pin. This
clock can be used as the MCU's main clock.

May be the harmonic components at integer multiples of the CKOUT signal frequency adversely affecting the
operation within the desired bandwidth. We recommend inserting damping resistors or low-pass filters for
suppressing the harmonic components in response to the state of the spurious emissions from the CKOUT
signal.

Table 2-8 lists examples of the constants for the circuit.

Y0 ol

vce

R1

s it e ) ] ] b o
CKOUT ! Il 2 m
o it e el e g : . . C 3 e - out = . . LG

R TEE
2

C

________________

RX65W-A- :L:

Figure 2-7 : Example of reference clock circuits (CKOUT)

Table 2-8 : Examples of the component values (CKOUT)

Buffer L1[nH] | C1[pF] | C2 [pF] | C3[uF] | R1 [ohm] | R2 [ohm] | R3 [ohm] R4

SN74LVC1G34DCK 100 1000 NM 0.1 8.2k 8.2k 160 BLMO3AG700SN1

When the CKOUT function is not used, an external crystal oscillator can be used as the MCU's main clock.
In that case, please refer to the RX65W-A user's manual.

RO1AN8237EJ0100 Rev.1.00 Page 10 of 27
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Design guidelines for circuit boards with the external power amplifier

2.7 DC-DC converter circuit
Figure 2-8 shows an example of the external circuit configuration for the DC-DC converter. Connect the

grounds for capacitors C1 to the VSS_DDC pin along the shortest possible paths.

Table 2-9 lists examples of the constants for the DC-DC converter circuit.

,,,,,,,,,,,,,,,,

VCC_DbDC

i o
5 -
[e]

DDC_OUT —— 30 —p—
FEEde < o l
Vss_bbc -
REGIN |
RXE5W-A

‘o M

Figure 2-8 : Example of DC-DC converter circuits

Table 2-9 : Examples of the component values (DC-DC converter circuits)

L1 [uH] C1 [uF]

C2 [uF]

10 (MLZ1608M100WT) 1

0.1

2.8 Power supply circuit

When sharing the power supply for each IC, it is recommended to separate the power supply with a noise
filter or ferrite beads. Figure 2-9 shows an example of the power supply circuit using the noise filter. Table2-
10 shows examples of the component values.

3 - (MCU- part)-
|VBATT

i NG 5
| VCC_USB -
| AvCCo
| AVCCL

R

. . v

,,,,,,,,,,,

,,,,,,,,,,,

,,,,,,,,,,,

____________

Ry

o

EEaEEL

: l ik

,,,,,,,,,,,

Figure 2-9 : Example of the power supply circuit

Table 2-10 : Examples of the component values (Power supply circuit)

FB1 C1 [uF] C2 [uF]
NFM18CC222R1C3 1 10
RO1AN8237EJ0100 Rev.1.00 Page 11 of 27
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3. Layout design

This chapter explains the layout design when using a MCU / RF transceiver (RX65W-A) and a power
amplifier (F1471).

For the detail layout design of F1471 peripheral circuit, refer to the manufacturer's data sheet.

We recommend the application of the same principles for the pattern layout of a board as those applied on
the evaluation board from Renesas.
As is the case with the evaluation board from Renesas, a PCB with four wiring layers is recommended.

e PCB material : FR-4
Board thickness : 1.6 mm
Number of layers : Four
e Major layer configuration (main intended use)
First layer : signal lines, second layer : ground, third layer : VDD, fourth layer : ground, signal lines, or
ground and signal lines

The board layer structure is shown in Figure 3-1 and Figure 3-2. This daughter board is designed with a 4-
layer board.

Board material : R-1766W / R-1661GG (Panasonic Industry)

v
L1 45um
Prepreg 100um I I
L2 35um
¥
Core 1200um
v
|5 35um
Prepreg 100um I I
L4 45um
B
Figure 3-1 : Board layer structure
150um 150um
175um
o s v
L1 45um
100um I t
L2
Figure 3-2 : RF unit 50 ohm impedance line
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3.1

RF signal line

Points to note in the design of the wiring patterns around the RF signal lines are as follows.

Use coplanar lines for the RF signals and design the wiring patterns to maintain characteristic
impedances of 50 ohms.

Place as many via holes as possible around the coplanar lines and secure the widest possible ground
regions.

Do not place the lines for different signals in the second layer just below the RF signal lines.

The VSS (B1), VSS (D1) and VSS (A2) pins are wired outside the IC and used as the GND for the
coplanar lines.

F1471’s the NC (pin1, 4,5, 6,7, 8, 9, 12, 13, 16) pins are wired outside the IC and used as the GND
for the coplanar lines.

Secure the widest possible ground regions for the VSS (B1) and VSS (D1) pins. Connect these pins to
the other VSS pins on the surface layer and connect the pins to the ground (second) layer through as
many via holes as possible.

Place as wide surface GND area as possible between the F1471 input line and output line. Reduces
signal coupling from output to input.

Figure 3-3 shows an example of the layout around the RF signal lines.

Figure 3-3 : Examples of layout around the RF signal lines

RO1AN8237EJ0100 Rev.1.00 Page 13 of 27
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3.2 SPI signal line
Points to note in the design of the wiring patterns around the SPI signal lines are as follows.
e Connect the SPI signal pin to the adjacent pin. Do not wire outside the IC.
SIN(C12) connects to B12 pin.
SCLK(C11) connects to B11 pin.

SOUT(A11) connects to A12 pin.
SEN(B10) connects to A10 pin.

Figure 3-4 shows an example of the layout around the SPI signal lines.

[

RXB5W-A

Figure 3-4 : Examples of layout around the SPI signal lines
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3.3 TCXO circuit
Points to note in the design of the wiring patterns for the TCXO circuits are as follows.
¢ Do not place signal lines other than those for the XIN and XOUT pins around the TCXO.
Especially, do not place the power supply line of the power amplifier(PA) around the TCXO. This is
because the TCXO output may couple into the PA, resulting in unwanted spurious signals.

¢ Place as wide surface GND area as possible between the TCXO and PA.

¢ Proceed with sufficient evaluation of your system in detail before determining the constants for the
circuits related to the TCXO.

Figure 3-5 shows an example of the layout around the TCXO circuits.

Figure 3-5: Example of layout around the TCXO circuits

The RTKOEE0017D11006BJ evaluation kit does not use a crystal oscillator. For the layout design of the
crystal oscillator, please refer to the following application note.

R35AN0013EJ0100 : ROA06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver
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3.4 DC-DC converter circuit

Points to note in the design of the feedback loop patterns for the output line of the DC-DC converter are as
follows.

« Do not place signal lines around the REGIN (R1), VSS_DDC (R2), DDC_OUT (R3), and VCC_DDC
(R5) pins.

o Make the wiring loop between the REGIN and DDC_OUT pins as short as possible.
¢ Place capacitor C9 as close as possible to the VCC_DDC pin.

¢ Place grounds for capacitors C9 and C21 such that they can be connected to the VSS_DDC pin along
the shortest possible paths on the ground surface.

Figure 3-6 shows an example of the layout around the DC-DC converter circuits.

€ pbic

e

v

Figure 3-6 : Example of layout around the DC-DC converter circuits
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3.5 Power supply circuit

3.5.1 RF transceiver (RX65W-A)
Points to note in the design of the pattern layouts for power supply circuits on the board are as follows.

¢ Place bypass capacitors close to the respective power supply pins such that the wiring lengths are as
short as possible.

¢ Place via holes for grounds close to grounds for the bypass capacitors such that the grounds can be
connected to the ground (second) layer through the via holes along the shortest possible paths. One
or more GND via holes must be placed for one bypass capacitor.

e Unless otherwise specified, keep wiring running to power supply pins as thick as possible in
consideration of keeping the impedances low.

Figure 3-7 shows an example of the layout around power supply circuits for the RF transceiver.

oliel
VCCDBC &
e @ ®
2 o @ e @
& e

5
>

Y
¢ @

RXE5W-A VREGs VGO @
B * VREG Pil ®
VCE_RF

JVREG {XRA ®

¢ @

DIG

® VRES
® VCO DA
® VREGERR
L 3 ® L
L] L ] L ]

L ]

Figure 3-7 : Example of the layout around power supply circuits (RF transceiver)
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3.5.2 Power amplifier (F1471)
Points to note in the design of the pattern layouts for power supply circuits on the board are as follows.

¢ Place bypass capacitors close to the respective power supply pins such that the wiring lengths are as
short as possible.

¢ Place via holes for grounds close to grounds for the bypass capacitors such that the grounds can be
connected to the ground (second) layer through the via holes along the shortest possible paths. One
or more GND via holes must be placed for one bypass capacitor.

e Unless otherwise specified, keep wiring running to power supply pins as thick as possible in
consideration of keeping the impedances low.

Figure 3-8 shows an example of the layout around power supply circuits for the front-end module.

Figure 3-8 : Example of the layout around power supply circuits (power amplifier)
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3.6 Ground

3.6.1 RF transceiver (RX65W-A)
Points to note in the design of the wiring patterns for grounds are as follows.

e Connect the GND pins of the RF part shown below on the surface layer, then create a large GND area
on the surface layer.

VSS (A2, B1, B2, B5, C2, C3, C5, D1, D2, D3, D4, E2, E3, F2, F3, G2, G3, H2, H3, J2, J3, K2, K3, L2,
L3, M2, M3, N2, N3, P1, P2, P3)

VSS_DDC (R2)

e The large GND area created must have as many GND vias as possible and short between the top
layer and the bottom layer to have low impedance.

¢ Use the second layer as the ground layer. It is recommended that the second layer be solid plane
GND.

¢ RX65W-A's the VSS (P1) pin is wired outside the IC and connects to the surface GND.

Figure 3-9 shows an example of the layout around grounds for the RF transceiver.
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Figure 3-9 : Example of layout around grounds (RF transceiver)
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3.6.2 Power amplifier (F1471)
Points to note in the design of the wiring patterns for grounds are as follows.

e The power amplifier's exposed die pad and RF circuit GND must have as many GND vias as possible
and short between the top layer and the bottom layer to have low impedance.

¢ Use the second layer as the ground layer. It is recommended that the second layer be solid plane
GND.

e Connect the NC(pin1), NC(pin4), NC(pin5), NC(pin8), NC(pin9), NC(pin12), NC(pin13) and NC(pin16)
pins to the exposed die pad in the surface layer and connect them to the ground (second) layer
through via holes along the shortest possible paths.

« Do not place signal lines under the exposed die pad.

Figure 3-10 shows an example of the layout around grounds for front-end module.

F1471
@ ¢ @

Exposed die pad

Figure 3-10 : Example of layout around grounds (power amplifier)
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3.6.3 The outer periphery of the board

The outer periphery of the board must be surrounded by GND patterns, and as many GND vias as possible
must be placed. This is the area framed in yellow in Figure 3-11.

This is to prevent radio wave radiation from the board.

Figure 3-11 shows an example of the layout around the outer periphery of the board.

Figure 3-11 : Example of layout around the outer periphery of the board

3.6.4 Metal case
It is recommended to install a metal case in the RF circuit area. This is to prevent spurious radiation from
board patterns other than the antenna.

In tests using antenna, spurious that did not exist in the wired condition may be found. Especially when
aiming for FCC certification of the module, shielding must be installed.

When shielding the RF circuit, connect the outer periphery of the metal case to the board GND as much as
possible. It is necessary to connect the outer periphery of the metal case to the board GND at intervals of at
least M2. (When shielding 10GHz spurious, it is 1.5 cm or less.)

RO1AN8237EJ0100 Rev.1.00 Page 21 of 27
Feb.20.26 RENESAS



RTKOEE0017D11006BJ Design guidelines for circuit boards with the external power amplifier

3.6.5 Connection of mother board and daughter board

When combining a mother board and a daughter board, such as the evaluation kit introduced in this
document, it is recommended to strengthen the GND connection between the two boards.

Depending on how the parent board and daughter board are connected, the board may act as an antenna
and radiate unwanted signals generated within the board.

If unwanted signals radiated from the board are input through the antenna, RX characteristics may degrade.
Figure 3-12 shows an example of connecting GND between two boards.

The left figure shows the case when the GND connection is not strengthened. The GND connection is at the
PCB connector only. In this case, unwanted signals may be radiated from the board.

The right figure shows the case when the GND connection is strengthened. The GND connection is
strengthened using metal screws. In this case, no unwanted signals are radiated from the board.

If metal screws are used, the board resist must be removed from the connection area.

No unwanted
signals

unwanted

s;gnalsf

Side view

daughter board

Top view daughter board ]

PCE Cennactor
PCB Cannectar

Mother board

Mother board

When the GND connection is not strengthened. When the GND connection is strengthened.

Figure 3-12 : Example of connecting GND between two boards
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4. Circuit Diagram for Reference

4.1 Circuit diagram
Figure 4-1 is a circuit diagram of the RTKOEE0017D11006BJ evaluation kit for reference.
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Figure 4-1 Circuit diagram
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4.2 Bill of materials
Table 4-1 bill of materials in the reference diagram of circuits shown in Figure 4-1.

Table 4-1 Bill of materials

Patrs ID Reference Type Patrs number Manufacture Note
CN1 DF17(2.0)-60DP-0.5V(57) Connector DF17(2.0)-60DP-0.5V(57) HIROSE
5,1(5(2:3::::;;(6:’337’68’69’(:10'Cl 0.1uF Capacitor GRMO033R61C104KE84D Murata C0603/X5R/10%/16V
C2,C23,C28,C32,C39 NM Capacitor - - Not mounted, C0603
C5 0.22uF Capacitor GRMO033R61A224KESOD Murata C0603/X5R/10%/10V
C11,C30,C37,C38 1000pF Capacitor GRM033R71H102KA12D Murata C0603/X7R/10%/50V
(;I]E:Zéglﬁ,CZI,C26,C40,C42,C5 1uF Capacitor CLO3A105KP3NSNC SAMSUNG C0603/X5R/10%/10V
C13,C14,C22 2.2uF Capacitor GRMO033R61A225KE47D Murata C0603/X5R/10%/10V
C15 0.47uF Capacitor LMK063BBJ474KPLF Taiyo yuden C0603/X5R/10%/10V
C18 33pF Capacitor GRM0332C1H330JA01D Murata C0603/CH/5%/50V
C19,C20 15pF Capacitor GRM0332C1H150JA01D Murata C0603/CH/5%/50V
C25 18pF Capacitor GRM0332C1H180JA01D Murata C0603/CH/5%/50V
C27 9pF Capacitor GRM0335C1HSROBA01D Murata C0603/C0G/+0.1pF/50V
C35 7.5pF Capacitor GRMO0335C1H7R5BA01D Murata C0603/C0G/£0.1pF/50V
C36 8.2pF Capacitor GRM0335C1H8R2BA01D Murata C0603/C0G/£0.1pF/50V
Ca1 4.3pF Capacitor GRM1555C1H4R3BA01D Murata C1005/C0G/£0.1pF/50V
C43 180pF Capacitor GRMO033R71H181KA12D Murata C0603/X7R/10%/50V
246'(:47’(:50'(:51’654'CSS’CS NM Capacitor - - Not mounted, C1005
C45 6.0pF Capacitor GRM1555C1H6R0OBA01D Murata C1005/C0G/£0.1pF/50V
C44,C48,C49 82pF Capacitor GRM1555C1H820JA01D Murata C1005/C0G/5%/50V
C56,C57 10uF Capacitor GRM155R61A106ME11D Murata C1005/X5R/20%/10V
31 5.0pF (for ARIB) Capacitor GRMO0335C1H5R0BA01D Murata C0603/C0G/+0.1pF/50V
0 (for ETSI) Resistor RK73Z1HTTC KOA RO603
C33 0 Resistor RK73Z1HTTC KOA RO603
FB1,FB2 NFM18CC222R1C3D EMI Filter NFM18CC222R1C3D Murata 2200pF/16V/1608
FB3 70 Ferrite bead BLMO3AG700SN1 Murata 0603
IC1 S-80129ANMC Delay IC S-80129ANMC-JCOxU SII SOT-23-5
IC2 RX65W-A RF transceiver / MCU [R5F565WEMDBF RENESAS 145-pin, TFBGA
IC3 SN74LVC1G34DCK Buffer SN74LVC1G34DCK TI SC70-5
I1C4 F1471 Power amplifier F1471 Axiro 16-Pin, VFQFPN
J1,32 SMA SMA connector 73251-1150 MOLEX 1.57 End Launch
L1 10uH Inductor MLZ1608M100WT TDK L1608
2 S oo
L3 100nH Inductor LQPO3TNR10H02D Murata L0603
L4 1.8nH(LQW18) Inductor LQW18AS1N8100D Murata L1608
L5 1.0nH Inductor LQG15HS1N0S02D Murata L1005
L6 4.3nH Inductor LQG15HS4N3S02D Murata L1005
L7 6.2nH Inductor LQPO3TN6N2H02D Murata L0603
R1,R2,R3,R6,R7,R8 4.7K Resistor RK73B1HTTC472] KOA RO603
R4,R5 100 Resistor RK73B1HTTC101] KOA RO603
R9 56K/1% Resistor RK73H1HTTC5602F KOA R0603/1%
R10,R12,R13,R21 0 Resistor RK73Z1HTTC KOA RO603
i{:?;gm’RIS’RIS’ng’RM’R?’ NM Resistor - - Not mounted
R16,R17 8.2K Resistor RK73B1HTTC822] KOA RO603
R20 160 Resistor RK73B1HTTC161] KOA RO603
R23 4.3 Resistor RC0201JR-074R3L YAGEO RO603
R25 1.5k Resistor RK73B1HTTC152] KOA RO603
R26 120 Resistor RK73B1HTTC121] KOA RO603
R27 15k Resistor RK73B1HTTC153] KOA RO603
R28 6.8nH Inductor LQG15HS6N8102D Murata L1005
R29,R30 0 Resistor RK73Z1ETTP KOA R1005
SAW3 NM SAW filter - - Not mounted
SW1 BGSX22G5A10 RF switch BGSX22G5A10 Infineon 10-pin, 1.1 x 1.5 x 0.55 mm|
X1 SSP-T7-F 12.5pF Crystal resonator SSP-T7-F / 12.5pF SII -40 to +85deg-C
X2 NT1612SA-48M-RNA5028A TCXO NT1612SA-48M-RNA5028A NDK Clipped sine wave
SH1,5H2,5H3,5H4,SHS,SHE, 36900000 Shield Clip 36900000 Wiirth Elektronik 6.5x 0.8 x1.28 mm
SH7,SH8
RO1AN8237EJ0100 Rev.1.00 Page 24 of 27
Feb.20.26 RENESAS



RTKOEE0017D11006BJ Design guidelines for circuit boards with the external power amplifier

5. Configuration of Application Note

This Application Note contains the following contents listed in Table 5-1 and Table 5-2.

Table 5-1 : Configuration of Application Note-1

File organization
r01an8237ej0100-rtk0ee0017d11006bj(ROAO6GO62GNP).pdf

Description

This application note

r01an8237ej0100-rtk0ee0017d11006bj-hw-design
01_Daughter board

01_Circuit_Diagram
| RTKOEE0017D11006BJ_Circuit_Diagram.pdf

‘ Circuit diagram

02_Parts_List

| RTKOEEO0017D11006BJ_Parts_List.pdf ‘ Parts list
03_Gerber_Data

RTKOEE0017D11006BJ.GTL L1: Analog signal, Parts layer
RTKOEEO0017D11006BJ.GP1 L2: GND layer
RTKOEEO0017D11006BJ.G1 L3: Power supply, GND layer
RTKOEE0017D11006BJ.GBL L4: Digital signal, GND layer
RTKOEEO0017D11006BJ.GTS L1: Solder Mask
RTKOEE0017D11006BJ.GBS L4: Solder Mask
RTKOEE0017D11006BJ.GTO L1: Silk
RTKOEE0017D11006BJ.GBO L4: Silk
RTKOEE0017D11006BJ.GKO Dimensions
RTKOEEO0017D11006BJ.GTP L1: Paste Mask
RTKOEE0017D11006BJ.GBP L4: Paste Mask
RTKOEEO0017D11006BJ. TXT Drill data

04_Board_Layout_Diagram

| RTKOEE0017D11006BJ_Board_Layout_Diagram.pdf
05_Board_Design_Checklist

| RTKOEEO0017D11006BJ_Board_Design_Checklist.xIsx ‘ Board design checklist

Board layout diagram
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Table 5-2 : Configuration of Application Note-2

File organization Description
r01an8237ej0100-rtk0ee0017d11006bj(ROA06G062GNP).pdf This application note
r01an8237ej0100-rtk0ee0017d11006bj-hw-design

02_Mother board
01_Circuit_Diagram
‘ RTKOEE0013D12002BJ_Circuit_Diagram.pdf Circuit diagram
02_Parts_List
‘ RTKOEE0013D12002BJ_Parts_List.pdf Parts list
03_Gerber_Data
RTKOEE0013D12002BJ_LA.G01 L1: Signal, Parts layer
RTKOEE0013D12002BJ_L2.G02 L2: GND layer
RTKOEE0013D12002BJ_L3.G03 L3: Power supply layer
RTKOEE0013D12002BJ_LB.G04 L4: Signal, Parts layer
RTKOEE0013D12002BJ_RA.G05 L1: Solder Mask
RTKOEE0013D12002BJ_RB.G06 L4: Solder Mask
RTKOEEO0013D12002BJ_SA.G07 L1: Silk
RTKOEE0013D12002BJ_SB.G08 L4: Silk
RTKOEE0013D12002BJ_GA.G09 Dimensions
RTKOEE0013D12002BJ_MA.G11 L1: Paste Mask
RTKOEE0013D12002BJ_MB.G12 L4: Paste Mask
RTKOEE0013D12002BJ_HO.dr1 Drill data
04_Board_Layout_Diagram
RTKOEE0013D12002BJ_Board_Layout_Diagram.pdf Board layout diagram
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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 LS| 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 I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /O
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 Vi
(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 ViL (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.

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.

10. 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.

11. 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.

12. ltis 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.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas

Electronics products.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)’ means any product developed or manufactured by or for Renesas Electronics.
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