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Abstract

This document describes the hardware system setup of a range extender daughterboard based on
the Dialog DA14680/681 Bluetooth® low energy SoC and the Skyworks SKY66112-11 Front End

Module. Target hardware: DA1468x/DA1510x_db_aQFN60 — Board Number: 224-23-D. Target
silicon: DA14680/681.
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1 Terms and Definitions

BLE
BOM
CiB
CLI
CSA5
DCF
DCR
DCXO
DUT
EIRP
FEM
FSM
Fw
HW
IFA
LNA
LPM
LPF
PA
PCBA
PCB
RF
RFCU
RMS
RX
SoC
SWD
™
n.a.

Bluetooth low energy

Bill of Materials

Communication Interface Board
Command Line Interface
(Bluetooth) Core Specification Addendum 5
Dynamic Control Function

Direct Current Resistance

Digitally Controlled Crystal Oscillator
Device Under Test

Effective Isotropic Radiated Power
Front End Module

Finite State Machine

Firmware

Hardware

Inverted-F Antenna

Low Noise Amplifier

Low Power Mode

Low Pass Filter

Power Amplifier

Printed Circuit Board Assembled
Printed Circuit Board

Radio Frequency

RF Control Unit

Root Mean Square

receive(r)

System on Chip

Serial Wire Debug (interface)
transmit(ter)

not available

2 References

[1] Bluetooth Core Specification Addendum 5, 15 December 2015, Bluetooth SIG.
[2] UM-B-060, DA1468x/DA1510x Pro-Development Kit, User Manual, Dialog Semiconductor.
[3] DA14681 Low Power Bluetooth Smart 4.2 SoC, Datasheet, Dialog Semiconductor.

[4] UM-B-065, Bluetooth Smart Communication Interface Board, User Manual, Dialog
Semiconductor.

[5] SKY66112-11, Datasheet, Skyworks Inc.

[6] AN-B-061, DA1468x Application hardware design guidelines, Application Note, Dialog
Semiconductor.
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3 Introduction

The DA1468x/DA1510x_db_aqfn60_FEM_vD (224-23-D) is a reference design for extending the
range of a Bluetooth® low energy system based on the Dialog Semiconductor DA14681 SoC, where
enhanced RF transmitted power is presented. The DA14680/681 Range Extender daughterboard
serves as a reference design to potential customers requesting enhanced BLE RF Output Power up
to +13.5 dBm. Physically, the daughterboard consists of a 4-layer PCBA where the digital and power
interfaces of the DA14680/681 are accessible to the user.

This document presents the system, technical specifications, physical dimensions and test results.

we  @dialog

DA1468x/15'0x-aqfn-FEM-vD
224-23-D ;

2

-

3
Y o

TSR Y
- .

idde &

-,5
=
>
3
=
=
-
z
=
-
-
=

Figure 1: PCB of the DA14680/681 Range Extender (224-23-D)
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4  System Overview

4.1 Features

Highly integrated DA14680 or DA14681 Bluetooth low energy 4.2 SoC
Can be used stand-alone or as a data pump on a system with an external processor

Complies to Bluetooth v4.2, ETSI EN 300 328 and EN 300 440 Class 2 ( Europe), FCC CFR47
Part 15 (US) and ARIB STD-T66 ( Japan)

BLE transmit output power > +10 dBm, compliant with BLE v4.2 + CSA5 (see Ref. [1])
Includes two crystal oscillators: 16 MHz (XTAL16M) and 32.738 kHz (XTAL32K)
Access to processor via JTAG, SPI, UART or 12C interface

18 general purpose I/Os with programmable voltage levels

Operating voltage: 1.7 V to 4.75 V.

On-board printed inverted F-type antenna (Figure 4)

uFL connector for external antennas (Figure 4)

RF connector for conducted measurements (Figure 4)

BLE Radio transceiver?:

o +13.5 dBm transmit output power

o -95.5 dBm receiver sensitivity

m  Supply current?:

o TX: max. current <59 mA

o RX: max. current < 10 mA

o Extended - Sleep current: 4.5 pA

43 mm x 43 mm, 4 layer PCBA
Operating temperature: —40 °C to +85 °C
Test FW based on SDK 1.0.8

Table 1: Electrical Characteristics

Parameter® Value
Average TX power +13.5 dBm
RX sensitivity* -95.5 dBm
Max. current consumption in TX mode 59 mA
Max. current consumption in RX mode 10 mA
Average current consumption during sleep mode 4.5 pA

1Fcc part 15.247,15.209 compliance.

2 Normal operation using SDK ble_adv_demo application, TX output power +13.5 dBm.

3 Current measured using SDK 1.0.8 ble_adv_demo, configuration CHL = 0, LPM2 (FEM_VCC2 = 1.2 V),
RF_TX_PWR_REG = 2.

4 Dirty transmitter: ON, 1500 packets, payload PRBS9 length 255 bytes.
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4.2 System Description

The system consists of:

e DA14680 or DA14681 SoC in aQFN60 package (the main implementation and testing was done
with DA14681)

e Sky66112-11 RF Front End Module (SKY66112-11 203225G)
e QSPI Data Flash memory (dual package wlcsp-w25q80ew, soic8-W25Q80EWSNIG-default)
e Crystals 16 MHz (or 32 MHz) and 32.768 kHz

e Can be supplied from a Li-Poly battery

e Mating headers for connecting to a DA1468x PRO Motherboard

A

system overview is shown in Figure 2.

V33_FEM (4)
1v8P  VCC1 PA  v33 VDD_PA FEM VCC2 VCC2_PA

1v8 Sky66112-11
1 TX Power control | FEM_VCC2

circuit (3)

VCC1_PA

VDD_PA
VCC2_PA

16 MHz CRYSTAL  32.768 kHz CRYSTAL
Debug

‘D“I:l V33 1Vf 1T/8P
interface

PMU

— N I
oo Q9

) Q
i s9 s |
Qspi flash |

,,,,,,,,,,, f———
TX/RX path ™ ~Resisive 1 | Lowpass | Matching

DA1468x/ 1510x
T 1 attenuator (1)_T Sky66112-11 | filter (2) circuit

RS ——

ivsp FEM control signals CcTX .
= & CRX Matching 4@

CHL Ui

NT SEL circuit

DA1468x/1510x SoC

Legend:

(1) Resistive attenuator application is possible.
(2) Low pass filter application is possible.

(3) RF TX Output Control Circuit.

(4) Only for DA1510x.

Figure 2: Block Diagram of Range Extender (224-23-D)

4.3 System Interface

DA14680/681 Range Extender daughterboard is plugged on headers J1, J2 of DA1468x PRO
motherboard, as shown in Figure 3.

The PRO motherboard provides UART and JTAG (SWD) interfaces to the DA14680/681, current
measurement circuitry, as well as breakout headers (J3, J4) for the available GPIOs and general
purpose user peripherals. For more details on the functionality and specifications of the motherboard,
refer to user manual UM-B-060 (Ref. [2]).

The system is powered via the Debug USB port (USB2). The daughterboard can also be
independently programmed using an external battery connected to the on board Li-Poly battery
connector (see section 5 for more details). The layout and main features of the daughterboard are
shown in Figure 4.
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debug/power USB

reset button
user bed user button

Figure 3: Range Extender (224-23-D) on a DA1468x Dev.Kit PRO Motherboard

I : dsmmououuon
ext.antenna

printed antenna

i DA1468x/1510x-agfn-FEM-vD | CZCCey
204-23-D _n _ x

RF switch e = & in TH) 2 &
———=Tiniy e HE sky66112-11

=5 ¥ s S = FEM
° ok K- L o
) .cup] ‘ - =
clomm H . =
-m 05
L -
i

mmR49

external flash
N FEM power control

e

L3

\
dal468x SoC

UART/ITAG debug

power selection switch
connector

Figure 4: Layout of the Range Extender Daughterboard
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Another option for programming the DA14680/681 Range Extender is to connect the daughterboard
to a CIB (Communication Interface Board) using a 2x10 cable as shown in Figure 5. The CIB
provides UART and JTAG (SWD) interfaces to the DA14680/681 as well as power supply. If an
external Li-Poly battery is used to supply the daughterboard, jumper J16 on the CIB must be
removed. For more details on the Communication Interface Board, please refer to user manual UM-

B-065 (Ref. [4]).

Figure 5: DA14680/681 Range Extender Connected to a Communication Interface Board (CIB)
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5 Power
There are three options for powering the system when using DA1468x Dev.Kit PRO Motherboard:

e The PRO motherboard’s voltage regulator (VLDO, see Ref. [2]) — total current capability approx.
300 mA.

e A Li-Poly rechargeable battery on the PRO motherboard.
e A Li-Poly rechargeable battery on the daughterboard of DA14680/681 range extender.

The power source to the daughterboard is selectable with SW1 as shown in Figure 6.

£ 24

-
motherboard power«@§sm  ms» on board li-poly connector

Figure 6: SW1 Position for Each Power Scheme

The different configurations for each of the power schemes using the DA1468x Dev.Kit PRO
Motherboard are described in Table 2.

Table 2: Jumper/Switch Settings for Power Schemes of DA1468x Dev.Kit PRO Motherboard

Power Scheme Indication SW1i J9 USB1 USB2
Motherboard LDO VBAT Left 2-3 - Power + debug
Li-Poly Battery mounted External Left 1-2 Power + charge debug

on motherboard battery

Li-Poly Battery mounted External Right - Power + charge debug

on daughterboard battery

When using the CIB board, there are two options for powering the system:

e Power supply coming from the USB of CIB.
e A Li-Poly rechargeable battery on the daughterboard of DA14680/681 range extender.

The different configurations for the power schemes using the CIB board are described in Table 3.

Table 3: Jumper/Switch Settings for Power Schemes of CIB Board

Power Scheme Indication SW1 J16

Power supply from CIB VBAT or External Battery Left or Right connected
Li-Poly Battery mounted on External battery Right not connected
daughterboard

User Manual Revision 1.2 28-Dec-2021
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6 Bluetooth Low Energy SoC

The DA14680/681 is a flexible System-on-Chip for Bluetooth® low energy applications, combining an
application processor, memaories, cryptography engine, power management unit, digital and analog
peripherals and a Bluetooth low energy MAC engine and radio transceiver. An overview of the basic
system is shown in Figure 7.

The DA14680/681 is based on an ARM® Cortex®-M0 CPU delivering up to 84 DMIPS and provides a
flexible memory architecture, enabling code execution from embedded memory (RAM, ROM) or non-
volatile memory (OTP or external Quad-SPI Flash). The DA14680 incorporates a QSPI Data Flash
memory in the package, whereas the DA14681 requires an external QSPI Data Flash.

The advanced power management unit of the DA14681 enables it to run from primary and secondary
batteries, as well as provide power to external devices. The on-chip charger and state-of-charge fuel
gauge allow the DA14680/681 to natively charge rechargeable batteries over USB.

An on-chip PLL enables on-the-fly tuning of the system clock between 16 MHz and 96 MHz to meet
high processing requirements. The system runs at 32 kHz LP clock during low power sleep modes or
it goes to clock less deep sleep mode to save power.

The DA14680/681 SoC power management subsystem consists of:
e VBUS: Is the battery charger input as well as the USB bus voltage. A decoupling capacitor equal
or less than 4.7 uF is placed close to VBUS pin.

e VBAT1: An external battery is connected on this pin. A 1 uF decoupling capacitor (C10) is
required close to the pin (0402 package, 6.3 V). Voltage range for VBAT1 is 1.7 Vto 4.75 V.

e VBATZ2: Is the input of the SIMO DC-DC converter. It is shorted externally with VBAT1. A 1 uF
decoupling capacitor (C8) is required next to the pin (0402 package, 6.3 V).

e V/33: Output voltage rail, 3.3 V. A decoupling ceramic capacitor of 4.7 uF (C3), (0402 package,
6.3 V) is placed. V33 cannot be turned off.

e SIMO DC-DC converter outputs are: V18, V18P, V12, V14. The inductor needed for DC-DC
operation is placed externally. A low DCR inductor (L1) of 470 nH, 0805 is connected on pins
LX/LY.

e V18 and V18P: These voltage rails can deliver power to external devices, even when the system
is in sleep mode. Decoupling ceramic capacitors (C4, C5) of 10 uF (0603 package, 16 V), are
placed as close as possible to the V18 and V18P pins. The current delivery capability of the V18
and V18P power rails is 75 mA in active mode, while it is 2 mA in sleep mode.

e V12: Power rail supplies the digital core of the DA14680/681 and delivers up to 50 mA at 1.2 V
when in active mode. A 4.7 uF decoupling capacitor (C6) is used (0402 package, 6.3 V).

e V14: Power rail delivers up to 20 mA at 1.4 V and should not be used to supply external devices.
A 4.7 uF decoupling capacitor (C7) is placed close to the V14 pin (0402 package, 6.3 V).

e V14 RF:Input pin. It is shorted to V14 on the PCB layout. V14 RF powers the RF circuits via a
number of dedicated internal LDOs. A 4.7 uF decoupling capacitor (C9) is placed as close to the
V14 RF pin as possible.

e VDDIO: Flash interface supply voltage. It is connected to the same power rail as the Flash
memory. A 1 uF decoupling capacitor (C1), is added (0402 package, 6.3 V).
The DA14680/681 radio transceiver characteristics are:

2.4 GHz CMOS transceiver with integrated balun

50 2 matched single wire antenna interface

Transmit output power in the range of 0 dBm to -4 dBm
-93 dBm BLE receiver sensitivity

Supply current at VBAT1 (3 V) for the RF part:

o TX:3.4mA

o RX:3.7mA
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Figure 7: DA14681 Basic System with External QSPI Flash Memory - overview
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7 RF Front End

This part of the design implements the amplification of the RF transmitted signal while the transmitted
harmonics as well as the TX spurious emissions remain within the FCC/ETSI specification. The RF
Front End Module (FEM) used is SKY66112-11 of Skyworks (Ref. [5]).

The operation of RF front end is controlled by the DA14680/681 SoC using control signals. During
the operation of the FEM there are three available RF paths:

e TX path through the amplifier

e RX path through the LNA of the PA

e TX/RX bypass path, where both PA/LNA are bypassed during transmission and reception.

The amplifier path is enabled during transmission. The RF signal passes through the PA and the RF
matching network and is transmitted through one of the two available antenna ports. A resistive
attenuator and a low pass filter can also be included in the amplifier path if needed. In the bypass

path, the RF signal received at the antenna is driven directly to the BLE transceiver. In the RX LNA
path the received signal passes through SKY66112-11 LNA, which has a receive gain of 11 dB.

ANT_SEL

ANT1
2.4 GHz printed antenna

TX amplifier path
P& 2171513 dBn B T e ——— |
—_—— — = = ———_
T 1 OMN and | { 2 ! Low pass | Matching

= v Fiiwrng R iter @) circuit
BLE 2402..2480 MHz | o] !
DA14681 = _—__—__.—_/_ . '6 TXIRX_bypass path "® s
aQFN60 Resistive B-ite” - o) Bpuc|— 1o
BLE SoC L attenuator (1) _ S e
- B .
N [
N — @
AN RX LNA path circuit
—— M Y

ANT2
SKY66112-11 UFL connector

Legend:
(1) Resistive attenuator application is possible.
(2) Low pass filter application is possible.

Figure 8: RF Front End Signal Paths

The amplifier has three different voltage rails (VCC1, VCC2 and VDD). The TX power output is tuned
by modifying the VCC2 supply rail voltage as well as the power level at its input. The basic power
levels for the PA are:

o TXPour=+21dBm @ VCC2=3.0V, Pn=-1dBm

® TXPour=+16dBm @ VCC2=1.8V, Pn=-3dBm
® TXPour=+13dBm @ VCC2=1.2V,Pn=-3dBm

7.1.1 Control Signals

The SKY66112-11 has a number of digital control signals that need to be set/reset by the
DA14680/681. They are currently being controlled by Dynamic Control Function (DCF) signals of the
DA14680/681 RF control unit. The DCF signals are normal GPIOs controlled by timers within the
radio. Their functionality is explained in Table 4, while their timing is shown in Figure 9.

The digital control signals are compatible with 1.6 V to 3.6 V CMOS levels and are supplied from the
VDD voltage rail.
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Table 4: SKY66112-11 Control Signal Description

Control Signal

Function

Mode of Operation

CSD FEM Enable signal 0: all off (sleep mode)
1: FEM enabled
CRX RX enable 0: RX off
1: RX on with LNA
CPS Bypass mode 0: Bypass disabled
1: Bypass mode for TX or RX
CTX TX Enable 0: TX off
1: TX on (Low or High power)
CHL TX Power level 0: TX Low power level
1: TX High power level
ANT_SEL Antenna select signal 0: ANT1
1: ANT2
Table 5: Truth Table for SKY66112-11
Mode | Description CsSD CPS CRX CTX CHL
0 All off (sleep mode) (Note 1) 0 X X X X
1 Receive LNA mode 1 0 1 0 X
2 Transmit high power mode 1 0 X 1 1
3 Transmit low power mode 1 0 X 1 0
4 Receive Bypass mode 1 1 1 0 X
5 Transmit Bypass mode 1 1 X 1 X
6 All off (sleep mode) 1 X 0 0 X
Note 1  All controls must be at logic 0 to achieve the specified sleep current.
RF
TX/IRX_EN ! ‘
347 47 us—
CTX 3
CRX *3 1 us inO us—
CSD §<— A7 us—] %«20 us—»
CPS %4— 47 us—> *3«20 us—»|
CHL ! i
«— 47 us—>] 1«20 us—»
Figure 9: SKY66112-11 Control Signal Timing
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The control signal timing aims to keep the signals at logic 0 as long as possible to achieve better
power results. This can be achieved by assigning the control signals to DCF timers (see Table 7)

Decoding of the signals results in the following signal description:

CTX: Enable any TX related operation

CRX: Enable any RX related operation

CHL: Define TX High (1) or Low (0) power mode
CPS: Enable bypass TX/RX mode

CSD: Enable FEM

7.1.2 GPIO Setup

The RF Control Unit (RFCU) of DA14680/681 provides the capability of controlling five signals which
can be used for controlling the SKY66112-11. The DCFs can be output on any GPIO by using PID
numbers 55 to 59. The five DCF signals can be extracted from the RFCU to any pin by programming
the PID values in the Pxx_MODE_REG registers, as follows:

Table 6: DCF Signal Configuration

Function PORTO_DCF PORT1_DCF PORT2_DCF PORT3_DCF PORT4_DCF
PID 55 56 57 58 59
Programmablo througt Programinuble through PMrogrammable through Prograsmimabie through
BE RADICPWHLFDN REGTDAWILF] fF ONTRL TIVER x FEGISEY OFF WF ONTRL TIMER x REGERESET O BLE RADNOPWHLFON REGIRGWSTLF|
s granckarity, up 0 256us SET FSET] 1us grandarity, up to 256
Thers 15 3 mindrmum valus 145 graendarity, up bo 256 11 graendarity, up to 256k These 5.3 minimusm vaue
(Preferred Seatings)  ~___ Courts from TXUIX EN pos ades Courts Srom T/ EN neg exige {Prederred Settirgs)
S /S /
BLE TX_EN » RE : /
(MAC cut) ! ! 7
: { _—
| / } /
BLE RX_EN { .,r' { / - RF BLE
i { /
AT cut) [ I i
' {3 T 7
DCFs (27-31) 5 o
TRECU cut)
BLE_IN_PROCESS 7 N T‘v;-ucn.: s acserted .«Q:n;m,{_vu Highard
‘m: Zi ol ez tod whon RYTX_EN is fow
EVENT_IN_PROCESS L >’
(MAC daguatics o) ——

Frograrosdde theough
E TIVGENC

115 grandarit

FGprofetch_tirrm

Tirre hefore the TRX EN posedpe. This sigrad envedops JY

Figure 10: DCF Signal Programming

Table 7: SKY66112-11 Control Signal and DCF Timer Configuration

Mode DA1468x GPIO SKY66112-11 Comments
FEM enable P4_3 CSD GPIO or DCF timer 29 (PORT2_DCF)
TX enable P4 5 CTX DCF timer 27 (PORTO_DCF)
PA High Gain P4_4 CHL GPIO or DCF timer 31 (PORT4_DCF)
RX enable P4 2 CRX DCF timer 28 (PORT1_DCF)
PA or LNA Bypass P4 6 CPS GPIO or DCF timer 30 (PORT3_DCF)
This signal can be fixed at logic 0 or 1 through
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Mode DA1468x GPIO SKY66112-11 Comments
a pull-down or pull-up resistor.
ANT_SEL P4 0 ANT_SEL GPIO

This signal can be fixed at logic 0 through a
pull-down resistor.

7.1.3 Power Amplifier

The SKY66112-11 is a fully integrated RF Front End Module (FEM) designed for Smart Energy
applications. The device provides PA, LNA, an integrated inter-stage matching and harmonic filter,
and digital controls compatible with 1.6 V to 3.6 V CMOS levels.

The RF blocks operate over a wide supply voltage range from 1.2 V to 3.6 V that allows the
SKY66112-11 to be used in battery powered applications over a wide spectrum of the battery
discharge curve. The basic characteristics for the SKY66112-11 are:

Three voltage rails (VCC1, VCC2 and VDD)
e TX power output tuning thru power rail voltage modification
0 TXPour=+21dBm @ VCC2 =3.0V /115 mA, Pin=-1dBm
0 TXPour=+16 dBm @ VCC2 =1.8 V/ 60 mA, Pin =-3 dBm
0 TXPour=+13dBm @ VCC2 =1.2V /45 mA, Pin =-3 dBm
LNA with gain 11 dB
Receive Noise Figure =2 dB
Bypass mode of operation (-2 dB)
Two Antennas Ports

An overview of the SKY66112-11 Front End Module is shown in Figure 11.

User Manual Revision 1.2 28-Dec-2021

CFR0012 17 of 60 © 2021 Renesas Electronics




UM-B-074

LENESAS

DA1468x Range Extender Daughterboard

Antenna_IFA_type_Right

VDD_PA
R34
Do Not Stuff
pas [ >—RB s LOOK R36 \pp 0 FEMCPS
R37 veel pad oVCC2_PA
Do Not Stuff —
J—C14
Do NotSﬁjﬁL
= c16
15 100nF
bas FEM_CTX Lol = VDD_PA
— Vv c2s
DD_PA ci17 10pF 9
oo — i
R38
Do Not Stuff
2 b1 =] I 1 N C19
R40 1.00 R41 0 100nF
Pas > AV L a M 17 TS
R42 fa) £ 0 d 0 8 8
Do Not s & °8°% &8 A
o e FEM CHL 19 1n ) J ANTL
CHL VDD 100F
o
= 20 10
[ | GND9 us GND5
= 2 SKY66112-11 9 )3
RFIO RFIN GND4 q 712 10pF 213 10pF MM8130-2600RB8 74 1.8pF
8 = 1t 1t 1 2 m
- ANT1 1r 1r . l T l
22 % z5 z6 =
FjoNolog 0y o 1 c2 il Do Not Stuff| Do Not Stuff
24| GNDLIZ 2 5 B = & = Do Not Stuff Do Not Stuff
GNDI2O O O < O < [C)
I s o e e e = = = =
Low Pass Filter: to be def ned
pa2 [>—RIG Az LOOK FEM_CRX = =
DD _PA =2
Z7 10pF 79 10pF 15
R47 m T . 1 O U.FL-R-SMT
R49 1.00k Do Not St FEM_CSD L5 i L4 ) ANT2
P4 A -
L3 > Wy Do Not StuffC. Do Not Stuff L
Z10 z11 =
Do Not Stuff Do Not Stuff
R52 1,00k FEM_ANT_SEL
P40 D Wy forfing operation,
mount R53=10K and do not mount R52 = = = =
R53
Do Not Stuff

User Manual

i

Figure 11: SKY66112-11 Front End Module - overview
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7.1.3.1 Power Modes
The SKY66112-11 FEM supports three different power modes:

e HPMZ1: High Power Mode 1, where VCC2=3.0V,VCC1=18VandVDD=3.0V @
Pout = +21 dBm, Pin = -1 dBm.

e [PM1: Low Power Mode 1, where VCC2=1.8V,VCC1=18VandVDD=3.0V @
Poutr = +16 dBm, Pin = -3 dBm.

e [ PM2: Low Power Mode 2, where VCC2=1.2V,VCC1=18VandVDD=30V @
Pout = +13 dBm, Pin = -3 dBm (see Figure 12).

In the current design due to FCC compliance® reasons, Low Power Mode 2 is used. VCC2 voltage
level is connected to V18 and it is configured to 1200 mV using a series resistor R73=16.5 Q. The
DA14680/681 TX output power is set to -2 dBm and it is programmed using RF_TX_PWR_REG
(0x500020C0).

Gain vs Pout, LPM2
| — 2405 MHz — 2440 MHz — R0 WHz
25
20
g
= 15
& 10
E.
0
-10 -5 0 > 10 15 20 25
Output Power (dBm)

Figure 12: SKY66112-11 Gain vs. Pour, LPM2

The use of a hardware resistive attenuator between DA14680/681 and SKY66112-11 may be
considered to provide an extra low RF input power range to SKY66112-11 when a lower TX output
power is needed (see Figure 8). Of course, addition of the resistive attenuator leads to a current
consumption increment for the same RF power output.

Given the lowest power level that DA14680/681 can provide at the input of the PA which is -4 dBm
and that the PA gain in bypass mode is -2 dB, the Range Extender can deliver a minimum output
power of -6 dBm and a maximum of +13.5 dBm.

5 Emission limitations in restricted area of 2483.5 MHz to 2500 MHz.
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7.1.3.2 Power Supply
The SKY66112-11 requires three different supply voltages:

e VCC1: Supplies the first stage of the PA as well as the LNA.
e VCC2: Supplies the second stage of the PA.
e VDD: Supplies the logic (switches, bias enable, etc.).

Table 8: SKY66112-11 TX Output Characteristics

Voltage | FEM FEM Specification (V) Comments
Rail Pin .
Min Typ Max

VCC1 16 1.7 1.8 3.3 VCC1=1.8V,VCC2=3.0V,ICC=115mA,
Poutr = +21 dBm, Pin=-1 dBm

VCC2 14 0.6 3.0 3.3 VCC1=1.8V,VCC2=3.0V,ICC =90 mA,
Poutr = +20 dBm, Pin = -2 dBm

VDD 11 1.8 3.0 3.3 VCC1=18V,VCC2=1.8V,ICC=60mA,
Poutr = +16 dBm, Pin = -3 dBm
VCC1=18V,VCC2=1.2V,ICC= 45 mA,
Poutr = +13 dBm, Pin =-3 dBm

VDD is supplied by V33 of the DA14680/681.

VCC1 is connected to the V18P voltage rail of DA14680/681. Current consumption and voltage
regulation requirements must be taken under consideration. VCC1 supplies the LNA or the first stage
of the PA with a power consumption of 6 mA or 25 mA (max.) respectively. The V18P output must
present very low ripple and low noise. The V18P power rail has a driving current capability of 75 mA.

The VCC2 voltage level is critical, as it affects the RF PA output level. VCC2 supplies the second
stage of the PA and draws most of the TX current. VCC2 is connected to the V18 power rail®. The
VCC2 voltage can be changed using a series resistor R73. The V18 power rail has a current driving
capability of 75 mA.

7.1.4 Transmit (TX) Path

The RF PA TX Power output level is defined primarily by the VCC2 voltage level and secondly by the
control signal settings.

The CPS signal is used to enable the bypass operating mode of the FEM. Enabling CPS provides a
direct path between antenna and DA14680/681 chip.

The CHL functionality is intended to be used to increase efficiency at the lower output power levels
by reducing the PA bias. It is not intended for power control. However at constant VCC2, toggling
CHL will increase/decrease Pout by 0.5 dB to 0.75 dB.

The TX power output is determined based on:

e VCC2 level which is connected to V18 via a series resistor R73.

DA14680/681 TX power set using RF_TX_PWR_REG (0x500020C0). This register can be
programmed from O to 4 (0 dBm to -4 dBm).

e Resistive attenuator populated before or after the PA (optional).

6 This configuration differs from the DA1468x development kit. GPIOs configured to operate at 1.8 V are supplied from the
V18P rail while the ones configured to operate at 3.3 V are supplied from the V33 rail. This means that V18P could only be
used for VCC2 if there are no GPIOs configured to operate at 1.8 V. Therefore, instead of V18P the V18 power rail is used to
supply VCC2.
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Table 9: SKY66112-11 TX RF Power Output (Note 1)

VCC2 Input Control PA Mode of Output Power at PA Current
V) Power Signal Operation ANT1 or ANT2 Consumption
(dBm) (dBm) (mA)
1.2 0 CpPS=1 Bypass -2 0.025
1.8 0 -2 0.025
3.0 0 -2 0.025
1.2 -3 CPS=0 Low Power +13 45
1.8 -3 CHL=0 +16 60
3.0 -2 +20 90
-1 +21 115
1.2 -3 CPS=0 High Power +13.5 <TBD>
1.8 -3 CHL=1 +16.5 <TBD>
3.0 -2 +20.5 <TBD>
-1 +21.5

Note 1

The default configuration is shown in Table 10.

Table 10: Default Configuration

Datasheet: SKY66112-11_203225G, VCC1=1.8V,VDD =3V, T =25 °C, 2440 MHz.

VCC2 Input Power Control PA Mode Output power at PA Current
V) (dBm) Signal of ANT1 (dBm) Consumption
Operation typical (mA)
1.2 -2 CPS=0 Low +13.5 50
CHL=0 Power
7.1.5 Receive (RX) Path

There are two receive modes:

® Receive LNA: Additional gain is provided by the LNA: gain = 11 dB, NF = 2. The LNA improves
the sensitivity by approximately 5 dB.

e Receive Bypass: The LNA is removed from the RX path.

Table 11: LNA Modes (Note 1)

Control LNA Mode of Gain Noise Figure LNA Current
Signal Operation (dB) (dB) Consumption (mA)
CRX=1 Receive LNA 11 2 6
CPS=0
CRX=1 Receive Bypass -2 0.025
Cps=1

Note 1 Datasheet: SKY66112-11 203225G, VCC1=1.8V,VCC2=3.0V,VvDD=3.0V, T =25"°C.

7.1.6

No external filtering is needed. However, there are positions to add filter components in case it is
needed.

Filtering (Optional)
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7.1.7

Antenna

DA14680/681 provides a single ended RFIO port, matched to 50 Q. The RF port consists of the
RFIOp and RFIOm pins, where RFIOm is connected to ground. A copper trace with impedance of
50 Q interconnects the RF port and the RFIN of SKY66112-11.

SKY66112-11 FEM provides two antenna outputs controlled by the ANT_SEL pin (GPIO P4_0) or it
can be hardware configured using a pull-down resistor (R53).

Table 12: SKY66112-11 Antenna Select Logic

Antenna Port

SKY66112-11 Pin

Antenna Select Signal

Usage

ANT1 8 ANT_SEL =0 Connected to printed antenna
ANT2 6 ANT_SEL =1 Connected to uFl connector
R40 1.00k J R41 0 _l__gl ":| 2 EI = —L::| ﬁl
Pa4 [ AM———4 AN == % e R ~ ©
< R42 Q = O K o
= DoNot Suf i ] 685§ 23
J_ EM_CHL 191 ch vop
E L_zu GNDB i anps |12
RFID< T 1 REIN SKYBs112-11 GND4 2
, avti =
ENE s a2 58 3
24 GNDIZg S & % g Z 3
= = o o] = 1“, 1
P2 [Py, 100K FEM_CRX = i
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Z7 10pF
< R4T
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Figure 13: Antenna Selection Using P4_0 or a R53 Pull-Down Resistor
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Figure 14: SKY66112-11 Antenna Ports
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At the ANT1 port a printed Inverted-F Antenna (IFA) with O dBi gain is used. At the ANT2 port a uFL
connector (J5) is used for connecting external antennas. Pi-networks Z4, Z5, Z6 and Z9, Z10, Z11
can be used for matching purposes on both antenna ports.

For the ANTL1 port a series capacitor of Z4 = 1.8 pF is used for optimum power transfer.

&
Tra3 S11 Smith 200 mU/ Ref 1 U Cal Offs 1
M1 2.400000 GHz 63.850 Q
16.499 O
ez 430.961 pH
{ M2 2.440000 GHz 55.263 Q
/ 115.763 0
Y 3 1.028 nH
{ M3 2.480000 GHz 50.986 0
;’ / 22113 Q
Nt 1.419 nH
Ch1 Center 2.5 GHz Pwr -10 dBm Bw 10 kHz Span 1 GHz
Tre2 $11 dB Mag 10 dB/ Ref 0 dB Cal Offs 2
M1 2.400000 GHz -17.4314 dB
0.dB-—— % EE R st AR s R et R 2o 880000~ GH2 16,1302
R e = M3 32380000 GHz -13.3808 dB
Tl
= n‘ _,_'_,_!
Ch1 Center 2.5 GHz Pwr -10 dBm Bw 10 kHz Span 1 GHz

Figure 15: ANT1, Printed IFA Antenna and Matching Network (Z4 = 1.8 pF)

The reference design provides an SMD RF switch (J3) in series to the printed IFA antenna. The SMD
RF switch is used for conducted RF evaluation/testing. The RF switch type is MM8130-2600 supplied
by Murata. Verification of the circuit performance is accomplished by inserting an external plug in the
board mounted receptacle. This action re-directs the circuit from normal condition to the plug side.
Removing the plug restores circuit back to its normal condition.

7.1.8 Resistive Attenuator (Optional)

Between DA14680/681 and SKY66112-11 a resistive attenuator circuit can be added if needed.
Capacitors Z1, Z2 and Z8 must then be replaced by suitable resistors to achieve the desired
attenuation, while matching the 50 Q impedance.

can apply resistive pad

U1 REIOp B20 -T 2111 } 10pF > ORFlO
DA14681_Aqgfn60 B19 boNbt Stuf ‘
RFIOm __L _L

Figure 16: Resistive Attenuator Between DA14681 and SKY66112-11
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8 Crystals

DA14680/681 SoC has two Digitally Controlled Crystal Oscillators (DXCO) one at 16 MHz
(XTAL16M) and a second at 32.768 kHz (XTAL32K). The 32.738 kHz oscillator is the Low Power
(LP) clock, which is used for the HW FSM during power-up/wake-up, for the TIMER1 upon which is
based the system timer and it is used in Extended/Deep Sleep low power modes of the DA1468x.
The 32.768 kHz oscillator has no trimming capabilities. The 16 MHz oscillator can be trimmed.

The crystals used are specified in Table 13 and Table 14:

Table 13: Y1 16 MHz Crystal Characteristics

Reference Designator Value
Part Number 7M-16.000MEEQ-T
Frequency 16 MHz
Accuracy +10 ppm
Load Capacitance (Cv) 10 pF
Shunt Capacitance (Co) 3 pF
Equivalent Series Resistance (ESR) 100 Q
Drive Level (Pp) 50 pW
Table 14: Y2 32 kHz Crystal Characteristics
Reference Designator Value
Part Number ABS07-32.768KHZ-7-T
Frequency 32.768 kHz
Accuracy +20 ppm
Load Capacitance (Cv) 7 pF
Shunt Capacitance (Co) 0.9 pFto 1.2 pF
Equivalent Series Resistance (ESR) 70 kQ
Drive Level (Pp) 0.5 uW

9 QSPI Flash Memory

An 8 Mbit QSPI Data Flash memory (W25Q80EW) is provided to store user code. Its connection to
the DA14681 is fixed, as it interfaces directly with the chip’s Quad SPI Controller. The memory is
powered by the V18P rail. See section 7.1.3.2 for details on the power supply scheme.

Refer to the DA14681 datasheet (Ref. [3]) for more details on connecting an external Flash memory.

An external QSPI Data Flash memory is not required when the DA14680 SOC is used. Please note
that the current implementation is done with DA14681.

10 TX Output Power Control Circuit

For DA14680/681 the FEM_VCC2 is tied to the V18 power rail via resistor R73. The TX output power
of the FEM is controlled by series resistor R73 = 16.5 Q, as well as the power level at the input. The
default output of V18 is 1.8 V, using this series resistor the voltage for FEM_VCC2 of the SKY66112-
11 is regulated to 1.2 V. For lower power output this series resistor can be further increased.
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11 Reference Design Pin Assignment

The pin assignment for the Range Extender is shown in Table 15.

Table 15: DA14680/681 aQFN60 Pin Assignment

GPIO aQFN60 Range Extender Comments

Name Function Function

PO O FL CLK FL CLK Range Extender QSPI Flash

PO_1 FL_DO FL_DO Range Extender QSPI Flash

PO 2 FL D1 FL D1 Range Extender QSPI Flash

PO_3 FL_D2 FL_D2 Range Extender QSPI Flash

PO_4 FL_D3 FL_D3 Range Extender QSPI Flash

PO_5 FL_CS FL_CS Range Extender QSPI Flash

PO_6 SWDIO SWDIO

PO_7 SOFT_TRIG SOFT_TRIG

P1_0 ML8511_OUT Not assigned I/0 is not usable during RF transmission
(analog in) (see AN-B-061, Ref. [6])

P11 USBN Not assigned

P1 2 12C_SDA I2C_SDA

P13 uTXx uTXx

P1_4 | PDM_DATA/NTC bias Not assigned

P15 URTS/LED URTS/LED I/O is not usable during RF transmission

(see AN-B-061, Ref. [6])

P1 6 UCTS/button UCTS/button

P17 PDM_CLK Not assigned

P20 XTAL32p XTAL32p

P2_1 XTAL32m XTAL32m

P2 2 USBP Not assigned

P2_3 URX URX

P2_4 | SWCLK/ML8511_EN SWCLK

P3_0 GPIO Not assigned

P31 GPIO Not assigned

P3 2 GPIO Not assigned

P3_3 GPIO Not assigned

P3_4 GPIO Not assigned

P3 5 12C_SCL Not assigned

P3_6 GPIO Not assigned

P3_7 GPIO Not assigned

P4 0 GPIO FEM_ANT_SEL

P4 1 GPIO FEM_PWR_CTRL

P4 2 GPIO FEM_CRX

P4_3 GPIO FEM_CSD
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GPIO aQFN60 Range Extender Comments
Name Function Function
P4 4 GPIO FEM_CHL
P4 5 GPIO FEM_CTX
P4 6 GPIO FEM_CPS
P4 7 GPIO Not assigned
- RST RST
- XTAL16Mp XTAL16Mp
- XTAL16Mm XTAL16Mm
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12 Development Mode - Peripheral Pin Mapping

The pins used for development and testing are described in Table 16.

Table 16: DA1468x Development/Test Mode Pin Mapping

Pin | Assigned Function | Development/Test Pin Assigned Development/Test
No. Function No. Function Function
B1 PO 0/ QSPI_CLK QSPI_CLK Al6 | P2_2/USBP External use
A2 PO_1/ QSPI_DO QSPI_DO A35 | P2_3 UART RX
A3 PO _2/ QSPI_D1 QSPI_D1 Al4 | P2_4/SWCLK/ADC7 SW_CLK
Input JTAG clock
signal
Al PO_3/ QSPI_D1 QSPI_D1 A37 | P3_0 External use
A4 P0O_4/ QSPI_D1 QSPI_D1 Al12 | P3_1 External use
A5 PO_5/QSPI_D1 QSPI_D1 A10 | P3_2 External use
B8 P0O_6/ SWDIO/ SWDIO A7 P3 3 External use
PWMS/ADC4 JTAG Data Input/output.
Bidirectional data and
control communication.
A34 | PO_7/ ADC3 External use A9 P3_4 External use
B15 | P1_O/ADC5 External use A20 | P3_5 External use
Al17 | P1_1/USBN External use A22 | P3_6 External use
A27 | P1_2/ADCO External use B14 | P3 7 External use
B23 | P1_3/ADC2 UART TX A24 | P4 0 FEM_ANT_SEL
A26 | P1_4/ADC1 External use B16 | P4 1 FEM_PRW_CTRL
A28 | PA1_5/ADC6 External use B17 P4 2 FEM_CRX
B12 | P1_6/NTC External use A31 | P4_3 FEM_CSD
A25 | P1_7 External use A32 | P4_4 FEM_CHL
A23 | P2_0/XTAL32Kp Input of the 32.768 kHz A33 | P4 5 FEM_CTX
XTAL oscillator
B13 | P2_1/XTAL32Km Output of the 32.768 kHz | B22 | P4 6 FEM_CPS
XTAL oscillator
A29 | XTAL16Mp Input of the 16 MHz A36 | P4_7 External use
XTAL oscillator
A30 | XTAL16Mm Output of the 16 MHz A21 | RST Reset
XTAL oscillator
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13 PCB Assembly

A 4-layer FR4 PCB with 1.49 mm standard thickness is used. The PCB size is 43 mm x 43 mm. All
available GPIOs are accessible via the two connectors placed on the bottom of the PCB. Schematics
and Bill of Materials are presented in the following sections.

Figure 17: Top View of PCBA

Figure 18: Bottom View of PCBA

User Manual Revision 1.2 28-Dec-2021

CFR0012 28 of 60 © 2021 Renesas Electronics



UM-B-074 LENESAS

DA1468x Range Extender Daughterboard

13.1 DA14681 Range Extender Schematic
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13.2 SKY66112-11 Front End Module Schematic
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13.3 Bill of Materials

Table 17: BOM of DA14681 Range Extender

Ref. Value Description Manufacturer | Manufacturer Part Footprint
Number
Ul DA14681_ Low Power Bluetooth Dialog DA14681_aQFNG60 aqfn60mp
Agfn60 Smart 4.2 SoC Semiconductor
u4 W25Q80EW | IC FLASH 8MBIT Winbond W25Q80EWSNIG SOIC127P6
SNIG 104MHz 8SOIC 150 mil 00X175-8N
us SKY66112- IC 2.4 GHz ZigBee®/ Skyworks SKY66112-11 RF_SKY66
11 Smart Energy Front-End | Solutions, Inc. 112
Module
R2 0 RES 0.0 OHM 1/16W 5% | Vishay/Dale CRCW04020000Z0ED R1005
R3 0402 SMD
R4
R5
R6
R7
R8
R22
R32
R36
R41
R9 56 RES 56 OHM 1/16W Vishay/Dale CRCWO040256R0JNED R1005
R11 0402 SMD
R12
R13
R14
R15
R16
R10 01Q RES 0.1 OHM 1/10W 1% | Panasonic ERJ-3RSFR10V R1608
0603 SMD
R33 10.0 kQ RES 10.0K OHM 1/16W | Vishay/Dale CRCWO040210KOFKED R1005
1% 0402 SMD
R35 1.00 kQ RES 1.0K OHM 1/16W Vishay/Dale CRCWO04021K00IJNED R1005
R39 5% 0402 SMD
R40
R46
R49
R52
R61 10 MQ RES SMD 10M OHM 1% | Vishay CRCWO040210MOFKED R1005
1/16W 0402 Beyschlag
R73 16.5Q RES SMD 16.5 OHM 1% | Vishay/Dale CRCWO040216R5FKED R1005
1/16W 0402
Y1 16 MHz CRYSTAL 16.000MHZ TXC 7M-16.000MEEQ-T xtaldp25x20
10PF SMT
Y2 32.768 kHz CRYSTAL 32.768KHZ Abracon ABS07-32.768KHZ-7-T xtal_abs07
7PF SMD Corporation
C1 1.0 uF CAP CER 1.0UF 6.3V Murata GRM155R60J105KE19D C1005
C8 10% X5R 0402
C10
c2 4.7 uF CAP CER 4.7uF 6.3volts | Murata GRM155R60J475ME47D C1005
C3 X5R 20% 0402
C6
C7
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Ref. Value Description Manufacturer | Manufacturer Part Footprint
Number
Cc9
C4 10 uF CAP CERAMIC 10uF Murata GRM188R60J106ME47D C1608
C5 6.3V X5R 0603 SMD
C13 100 nF CAP CER .1UF 16V X7R | Murata GRM155R71C104KA88D C1005
C15 0402
C16
C19
C32
C17 10 pF CAP CER 10PF 50V 2% | Murata GRM1555C1H100GA01D Z1005
C20 NPO 0402
C25
Z1
z7
Z9
Z12
Z13
Z4 1.8 pF Cap Cer. 1.8pF 50V Murata GRM1555C1H1R8CA01D | C1005
COG, NP0 0402
L1 470 nH FIXED IND 470NH 1.2A, | Taiyo Yuden CKP2012NR47M-T L2012
DCr: 0.06 OHM 20%
(0805)
LP1 500 mA_ EMI FB Universal (Power | Murata BLM18EG471SN1D L1608
LP2 470 Q & Signal Lines) 470 Electronics
LP3 OHM+25% 0.5A
DCr:0.21 OHM (0603)
Ji 550910474 B2B & Mezzanine Molex 550910474 MOLEX_
J2 Connectors .635 550910474
HEADER SURFACE
MNT 40 CKT
SW1 | SW_MA12R | SWITCH SLIDE SPDT Apem MA12R/TR SW_
_TR 300MA 4V MA12R_TR
J5 U.FL-R-SMT | CONN RECPT ULTRA- Hirose Electric | U.FL-R-SMT UFL_R_
MINI COAX SMD Co Ltd SMT
J3 MM8130- RF CONN SWF JACK Murata MM8130-2600 RF_CON_
2600RBS8 STR 50 OHM SMD Push- MM8130-
Pull 2600
J81 1x02_1.25_ Headers & Wire Molex 53261-0271 Molex_
SMT_BOX_ | Housings Right-Angle 532610271
RA HDR SMT 2P 1.25 mm
J82 Jtag- MECH Connector FCI 20021321-00010C4LF Jtag-
2002132100 | Jtag_2x5 SMD 1.27mm 200213210
010C4 pitch 0010C4
ANT | Antenna_IFA | MECH Antenna Printed F | NA_ NA_Mechanical Part dal4580_
1 _type_Right | type used on RCU Mechanical ant_ifa_
boards Right Orientation | Part right
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14 Application Software Guide: ble_external_host

The following instructions are based on DA1468x SDK 1.0.12 and SmartSnippets™ Studio version
2.0.0.952. The following steps describe how the FEM driver can be enabled in a BLE application
project. The described software application is ble external host. With the configuration described
in the following steps the ble external host is configured with DC-DC operation (default settings)
when the radio is active and a programmed TX power level of RF_ TX PWR REG = 2.

1. Enable the FEM driver in file custom config gspi.h

~ Pruiect Exprlome A “custom_contig_ppih A tap_femh

Sdefine dg_configQSPT_CACHED RN SIZE_AE 32 * 1024)

+ & ple_extormal_host

("

S Hdufine dg_conFigQSPT_CACHED_RETRAM_8_SIZE_AE ( 72 * 1024)

e #define dp_configQSPI_CACHED_RETRAM_1_SIZE_AE ( 24 * 10240)

* % combiy #dafine dg_configQSPL_CACHED RAM_SIZE_UB (56 * 1024)
(72"

i custom_conlig_aenh
M platform_cevicesh

Sdefine dg_configQSPI CACHED RETRAM O SIJE 88 2 102a)

I Y e e Lttt
o sk * Peripheral A LT g

ki Mdufine dg_confisFLASH_ADAPTEN 1
| . #datine dp_configtVes_ADASTER 1
#define dg confighvMs VES 1
fdefine dg configGPADC ADAFTER |
#define dg_configUlRT ADWITER  §
#define dg_conf IgUSE_DGTL ]

¢ makefie tngets
5 ot
& pp_reporter
& ri_Jools.chl

|#define dg_confighid DLG_REF_BOMD 1}

" Include hsp default valu
¥include “hsp defaults. ht
* Ir le sescry layout *)

¥include "bsp_memory_layout h™

Pendif /¢ CUSTOM CONFIG Q591 W

n

Figure 19: Enable FEM Driver in custom_config_gspi.h

2. Configure Flash connection to V18P power rail in custom_config_gspi.h.

15 Progect Explares " TR ostoo contg qupan © R ISAN
Sdefine (ONILG_USE_BLE
#undef CONFIG_USE_FTDF

* 5 e _eemal_tost
& hauwies
@& contyg

& axtom_Comfg mpin Adefine O CONFARISE_LP CLK

o plalform cevicers #define &y conf EgEXEC MODE

LP_CLK 32748
WOE IS CACHED

e Adefine oy configlOOE LOCATION WO VOLATILE IS FLASH
i s #define dg confighXl_CRYSIAL IHIQ EXT_CRYSTAL_IS 164
- arny

Sdefine og_configIMaGE_SETLR

DEVELOPFENT_MODE

i mane u UEV
N on Adefine dg _conf igEMULATE_OTP _COFY {"
o ol fw Sdefine Og confLgUSER_LAN USE_TIMERL ®)
F pep reporer
& ook ol Sdetine d¢ configSE WOon (&)
I | #define dg contigFaSH COMELTED 10 (FLASH_COMECTED_TO_IVAV) |
-y po L - I\
Wdefine O coof lgPOdER_1VE_ACTIVE )
#define Sy conf EgPOWER 1V SLEEP {1)
#detine dg contighOWin_Ivie (£}
wdefine dg confighATIERY TYPE (BATTERY_TYPE_LIMM20u)
#defion 9g_conf LgBATTERY CHARGE CURRENT 2
wdefine dg conf LgBATTERY_PRECHARGE CURRENT » 2.10
Sdefine o7 _configBATTERY _[HARGE_NTC 1 tlaablc
Sdafine o configSE uSe "
#detine 2y confighSE_USE Oeamiik "
#define dg confiphl LOW_ CHARGING_NOT_fas 1
Sdefine ag conf LgUSE_Probk i
Figure 20: Flash Connection to V18P Power Rail in custom_config_qgspi.h
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3. Configure DA14681 power output to -2 dBm by adding the statement
hw rf set tx power (HW RF PWR LUT m2dbm); in function system init () in file main.c.

L Project Explovey - "0 S customconlig eoih (2 tmalac S0 s Bwetn
=E% T #andif
# & ble_extermal_hast

& Includes /* Set system clock */
cm_sys_cle_set(sysclh_XTALIGHM);

i woofg
& DALAGEL 0] -Redense_ QSPI v Dregece the’ hardeare 10: M Aty den
fa mix prvSetupHarduare( ) ;
ok
- St * init resources */
ol maine [y resource_init();
a l;"'::h:“cwueb TE T EI SRVOO T e 1 INpUl TX Dower Level SorTinE o)
i Wif dg_configFEM == FEM_SKV66112_11
= pep_reponiat tw_rf_set_tx_power(Hd RF AW _LUT m2dhe); /**< 1X Pl attenantion -2 dow */
& 1 200 ol Sendif

* Set the deslrad sleep oode

pn_set_sleep_mode{pe_wode extended sleep);

* Initialize BLE Manager */

ble_sgr_init(};

* Initiellre DGTL *

dgt]_init();

* the work of the Sysinit task is cone %/

6‘5]’&5‘_D[LET[(OS,Gi;I'_(URR[NT_TAS&());

)
Figure 21: Configure DA14681 Power Output Level at -2 dBm

4. Include hw_rf.hin file main.c.

L Project Baploser 1 o fcatom config aspih s bapfemh £ *maing 1%t it
* " stile main.¢
* &F ple_estermal_host

& Includes ™ Standurd s ludes
#include <string.b»

e #include <stdbool h>
R custom_cortg_gswen
W planform_cevicesh #include “ocal.n”
in misc #include “resmpwt b
o sk #include “ad_ble h*
- S #include :».1_-«,.» h:
2 maing ::M:u:o -h- .-;uulk- N
v nclude “sys_clock_sgr.h
n e #include “sys poser wer h”
& pw #include "sys watchdog.h”
& peg_reponw winclude "ble mgo b
o 2u0n ok winclude “dgtl h®
#include "plotform_devices b
R
o BLE 2ack Lo s
#include "gagm task h"
Figure 22: Include hw_rf.h in main.c
User Manual Revision 1.2 28-Dec-2021

CFR0012 34 of 60 © 2021 Renesas Electronics



UM-B-074 :{ENESAS

DA1468x Range Extender Daughterboard

5. Select build configuration, e.g. for DA14681 and external Flash it is DA14681-01 release_QSPI.

|
* & ie_swtens
b T e Kl i1k 7
rrririo Go o 1 (apasth_KTALTER) ;
@ oy et (apasth_XTALIEN)
- e Qe ) e Wisoisw o hardiore' 06 it thls dwads
= ik Siadw w1 Local Terremat * bhare():
i I T
4 mang 2 Pare ey "
2 maketiell M Dgece i) ;
& ot
P R Mave 112117 Cepwt TX Power Leval Setving %/
el e igf E0 =y FEM SKYSA112 11
Pgoaud, | et be_poweer (W0 AF_FWE_LUT_wAle); /**¢ TX #Wt attenwation -2 dim *
Lo Sapon.
Bebit Project tesired Slees ande. *)
Codes Proyect §_wode{pe_sode_exterded sleemn);
Aatract; 2] .
re ILE Penager
y J45
Clow \Fuwatnd Prowcts
Bwta Costigunatoss ’ Set Acywe \J 1 DAMES] 01 Detvag ISP (Appisanie tor DAJCEEOVL-TIL Detag Sard Cordgurnnon tor cacted 591 moos |
futd Twgen ' Marage. ¥ 2 DAMEEL-OL Retease Q5P (Agwhcatie 01 DALSEDN/1-OL Fsenss Dudd onfguration A Ceched GSH os)
Ircsax ' Rt AT 3 DASERL-00-Detrug Q5N fer Dy /300, DAISIOONL-00. Detag Suidd bor e cm mode)
@ Beko Docrmenion Clem AR & DAZALES 00 Betwane 040 (Appboatie for DALSGEY -0 DATSION 00 Netaans brals cosfigeration 4 cacsed QUM made.)

Figure 23: Set Build Configuration

6. Build the project.
L Praject Explorer 31 SO |4 catom. config gapsh & mainc

« I ple_ewtemal_host .
¥ Includes * Set system clock */
cr_sys_clk_set(sysclh _XTALIEM);

& conhig
i DA14681-01-Release Q5?1 /* Prepare the hardware to run this demo. */
& wmise prySetupHardware();
& sk
o Stanup /* init rescurces */
£ mainc resource. -
a Bl Projec ) |
4 makefietargets /o FEN:S ‘
< pit_fw
#if d Buid
& st s | _Jecos i
¥ _tools_ o Pendif — |
v Get tH Invoking Command: make —silent pre-bulld main-txiikd
pre_set_s
/* Initi I Aways run in background
" {unin Backgrouna]  Concet || Detas>> | l
Figure 24: Building Project ble_external _host
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7. Before writing the Flash, select the DA14680/1-01 product id configuration using the

program_qspi_config_win script.

Mel By e gi@vlvydv@r 6v@ A P @I [ 2TAMUN Sviivesy o -
D 15 Project Explorer ©7 = 0§ austom_conlig_ qpily : ;m:g:'_:x::::”
_ e Pondif Q. 3 get_memory_snapshotlinu
4 & ple_external_host e Q4 get_memory_snapshot win
= Incuoes p 5 dump._reqisters_linux
& config ‘evie 6 erase_qspi_jtag fimux
@ DA12681.01-Release_(J5P1 /* proyp B 7 erase aspl itag_win .
= misc prvSet % 8 erase qupi_sefial lina
e 50k Q9 erase qspl_senal_win
& Startup /* inif Q program _gspi_config_fimun
W manc resourc Qu  program_gspl_config_win
1 makefiletargets ) % program_gspi jtag. fince —
& plttw | ‘1 " ::-'q, Ceoomae SRoLied s Sutting */
& pxp_repartes hw rf ;Q PR DLV PRSI /%% TX MR attenuation -2 dbm */
& rt.to0ls_cli bendif | B PrOGam_qspl mwparam_win
& seripts % program_gspi_sesial finux
« sar | % program qspi_serial_win
pu_set. S suota_initial flash jtag snux s
Q. suota_initial_flash_jtag_win
/* Init Q suousb initial flash jtag linux
ble_mgr Q suoush_indtial_fiash_jtag win
5 Run As " I
. il
- External Tools Config =
Task Drganize Favorites.. ® X x|

PrOgram_aspi_contig_win [P

ogram) C\Users\izantin| Documents\ SDX\ES0\ DA 1468x_DA15xcc SOK_L0.121078\utilitles\scripts

Product id options:
@:  DAl4GBO/1-01

1: DAl4682/3-00, DAISXXX-83 (default)

Product id 7 (P..1 or [ENTER] for 1)

Figure 25: Configuration of correct product id DA14680/1-01

8. Use the produced binary output file for Flash memory programming.
File Edit Source Refactor Nawgate Search Project Rum Window Help

el |&v‘v-‘, lﬂ'“"f'e""‘@',g:;e’i":,g,}L,.';f‘
N ~r =t B : | G 1 coBect detug info_finux
® L Project Explorer 1 -8 % custom_config_qspin Q2 comect siebiag Wifo, win
E3 #define DGTL_QU S 3 get_memory_srapshot_Sinux
4 & ple_external_host Wdefine DGTL_QU Q 4 get_memory snapshot_win
Y Inchudes
e jannssanasannel B 5 UMD Fogisters finix
& contig b | 6 erase_gspitag linux
== DAL4681-01-Release QSPL [ Mlenocy 15Y00 G 7 erase asl g wen
o2 Wdefine dg_corﬂ: :“”e'w"“f’:"‘"‘”‘
s #define dg_conl Q SIS
G sartup #define dg cond & OfOgram_qsni_config linux
(@ mainc #define dg_coni % program_aspi_confip_win
) makefiletargets #define dg_coni % program qspi jtag finux
G5 ple_fw T QU peogram_qspi jtag_win B.
& pxp_reportes frrssssssssssst Qo program qspi_nvparam Snux
* Peripheral 1 "
¥ rf_toals_chi G P : program_qupi_nvparam _win
/ pe rial_linux
& scripts #define dg_coni S

¥define dg_cond
#define dg_coni
#define dg_cond
#define dg_con{
#define dg cond

[rassnnnsennnny

* TEM SXV6611]

Q. program_qgspi_senial_win

%
Q%

suota_initial_flash jtag_loux
Suota_initlal_Nash_jtag_win
swoust_iretiad_fiash jtag hnux
suoush_initial_flash jtag win
Run As

External Tools Configurations..
Ovganize Favorites..

¥define dg_configFEM DLG_REF_BOARD

- o' e -

9

L
( 32 * 1024)
(72 * 1024)
( 24 * 1824)
( 56 * 10824)
(72 * 1024)

1

1

1

1

1

1

1

Figure 26: Programming External Flash Using ble_external_host.bin
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15 BLE Measurements

15.1 Basic Performance Measurements

All measurements reported here use the following parameters:
Operating Conditions:

e T=21°C

e VBAT=3V

Equipment:

e Signal analyzer: Rohde & Schwarz FSV Spectrum analyzer

e R&S CBT - CBT go PC testing software
e Agilent N6705B DC power analyzer — Keysight 14585A Control and Analysis Software

Tools:
e SmartSnippets Toolbox v4.3.3.1378

® SmartSnippets Studio v1.3.2.636
e SDK RF Tools Command Line Interface Application

Test Procedure:

e The board is set to continuous modulated transmission mode for spectrum analyzer
measurements.

e Continuous packet transmission mode was used for R&S CBT measurements.
Test Configuration:
All tests are performed with the following settings:

e DCDC_V18_VOLTAGE=0x16 default value (0x5000008C).

e R73=16.5 Q. Sets the VCC2 level to 1200 mV.

e RF _TX PWR_REG =2 (0x500020C0). Sets the DA14680/681 TX output power to -2 dBm.
Measurements:

e Receiver sensitivity (section 15.1.1)

e Transmitter output power (section 15.1.2)

e Current consumption (section 15.1.3)
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15.1.1 Receiver Sensitivity

15111 Test Description
In this test the BLE RX sensitivity of DA14680/681 range extender (224-23-D) was measured.

15.1.1.2 Test Setup

The DA14680/681 range extender was mounted on a PRO-motherboard. The R&S® CBT Bluetooth®
Tester from Rohde & Schwarz was used. An RF cable assembly was connected to the J3 RF Switch
connector (MM8130-2600 by Murata) and at the other end through an attenuator to the R&S CBT

Bluetooth Tester. In order to evaluate the RF sensitivity, ble external host firmware was used. The

results from a dirty transmitter are reported below.

The RX tests were performed using the maximum payload length: 255 bytes.

15.1.1.3 Test Results

The conducted RF sensitivity with a dirty transmitter shows that the sensitivity is better than -94 dBm
for all channels for maximum payload of 255 bytes.

Table 18: RX Sensitivity for VCC2 =1.2 V (Note 1)

RX Sensitivity (dBm)

Channel 0 Channel 19 Channel 39

-95.50 -95.20 -94.50

Notel VCC1=1.8V,VDD=3V,Pn=-2dBm, Payload size = 255.
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Test Name and Condition Lower Limit | Upper Limit | Measured Value PF

RX Level @ Ch: 00, PER: 23.40%, Count: 09 -95.50 dBm o
RX Level @ Ch: 01, PER: 30.13%. Count: 10 -95.60 dBm o
RX Level @ Ch: 02, PER: 31.47%, Coun!: 09 -85.40 dBm o
RX Level @ Ch: 03, PER: 23.33%, Count: 04 -95.30 dBm o
RX Level @ Ch: 04, PER: 25.47%, Count: 10 -95.30 dBm v
RX Level @ Ch: 05, PER: 31.07%, Count: 04 -95.30 dBm o
RX Level @ Ch: 06, PER: 31.60%. Count: 09 -95.40 dBm o
RX Level @ Ch, 07, PER: 23.00%, Counl; 11 -95.30 dBm v
RX Level @ Ch: 08, PER: 23.67%, Count: 04 -95.30 dBm v
RX Level @ Ch: 08, PER: 31.60%, Count: 10 -95.50 dBm o
RX Level @ Ch: 10, PER: 31.80%, Count: 05 -95.50 dBm o
RX Level @ Ch, 11, PER. 31.07%, Count: 04 <95.30 dBm v
RX Level @ Ch: 12, PER: 32.60%, Count: 08 -95.50 dBm v
RX Level @ Ch: 13, PER: 23.20%, Count: 04 -95.30 dBm o
RX Level @ Ch. 14, PER: 32.80%, Count: 04 -95.30 dBm o
RX Level @ Ch: 15, PER: 30.67%. Counl: 04 -95.30 dBm o/
RX Level @ Ch: 16, PER: 31.87%, Count; 13 -95.30 dBm v
RX Level @ Ch: 17, PER: 31.13%, Count: 11 g -95.30 dBm o
RX Level @ Ch: 18, PER! 31.53%. Coun!: 09 -85.30 dBm v
RX Level @ Ch: 18, PER: 30.33%, Count: 09 -95.20 dBm o
RX Level @ Ch: 20, PER: 32.13%, Count: 09 -95.20 dBm v
RX Level @ Ch: 21, PER: 31.27%, Count: 13 -95.30 dBm v
RX Level @ Ch: 22, PER: 30.40%. Count! 09 -85.30 dBm o
RX Level @ Ch: 23, PER. 25.93%, Count! 07 -94.90 dBm v
RX Level @ Ch: 24, PER: 31.80%, Count: 10 -95.20 dBm v
RX Level @ Ch: 25, PER: 23.13%, Count: 10 -85.20 dBm o
RX Level @ Ch. 26, PER: 32.40%, Count: 11 -95.10 dBm N
RX Level @ Ch: 27, PER: 31.87%, Count: 08 -95.10 dBm o
RX Level @ Ch: 28. PER: 32.60%, Count: 04 -95.30 dBm v
RX Level @ Ch: 29, PER: 30.07%, Count: 13 -95.10 dBm v
RX Level @ Ch: 30, PER: 31.07%. Count: 05 -95.10 dBm o
RX Level @ Ch: 31, PER: 50.33%, Count: 12 X -95.10 dBm o
RX Level @ Ch: 32, PER: 29.60%. Count: 08 -95.10 dBm v
RX Level @ Ch: 33, PER: 29.40%, Count: 05 -85.10 dBm o
RX Level @ Ch; 34, PER: 23.27%, Count: 05 -85.10 dBm o
RX Level @ Ch: 35, PER: 30.20%, Count; 05 -95.10 dBm o
RX Level @ Ch: 36, PER: 31.80%. Count: 05 -95.10 dBm v
RX Level @ Ch: 37, PER: 32.00%, Count: 10 -95.20 dBm o/
RX Level @ Ch: 38, PER: 30.80%, Count: 05 -85.10 dBm o
RX Level @ Ch: 39, PER: 23.67%, Count: 06 -94.50 dBm o
Avg. Step Count @ 40 tests with totally 311 steps 7.78

Figure 27: RX Sensitivity, Dirty Transmitter, Payload = 255, VCC2=1.2V, Pn=-2dBm
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15.1.2 Transmitter Output Power

15.1.2.1 Test Description

In this test the conducted RF output power of DA14680/681 range extender was measured.

15.1.2.2 Test Setup

The DA14680/681 range extender was mounted on a PRO-motherboard. In order to evaluate the TX
output power, ble external host firmware was used. Conducted transmitted output power was
measured by using the R&S® CBT Bluetooth® Tester. An RF cable assembly was connected to J3 RF
Switch connector (MM8130-2600 by Murata) and at the other end through an attenuator to the R&S
CBT Bluetooth Tester.

e Bursts of 10 packets were transmitted by the DA14680/681.
e The packet length was 255 and the pattern was “01010101”.
e Three channels were recorded: channels 0, 19 and 39.

15.1.2.3 Test Results

Measurements were performed on a number of samples.

Table 19: Nominal Average TX Power, VCC2 = 1.2 V (Note 1)

Nominal Average TX Power (dBm)

Channel 0 Channel 19 Channel 39

+13.55 +13.26 +13.07

Notel VCC1=1.8V,VDD=3V,Pin=-2dBm.

An nex: Nominal Power Graphic

Mode: Channelscan, Start Channel: 00, Stop Channel: 39, Average: blue, Min: green, Max: red

13.65 dBm—

T

13.60 dBm-—

T

13.55 dBm-
13.50 dBm-
13.45 dBm
13.40 dBm—
13.35 dBm
13.30 dBm—
13.25 dBm-
13.20 dBm
13.15 dBm—
13.10 dBm

13.05 dBm-—

13.00 sB0-—m-H—-4—-_|—-"+—-—~4—-4——-"+——_—-4———4f
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 39

Figure 28: Nominal Average TX Power, VCC2_ FEM =12V
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15.1.3 Current Consumption

15.1.3.1 Test Setup

The board used in the test presented optimal RF performance. The integrated printed antenna was
used to perform the measurements.

The following instruments were used for the test:

e Multimeter
e 3V, 200 mA power source
e Agilent N6705B DC Power Analyzer

The current profiles were evaluated using advertising demo firmware with embedded PA control.
During this test the Advertising, Connection and Extended Sleep modes were evaluated.

15.1.3.2 Advertising Mode

For this measurement the DUT was supplied by 3 V. FW was downloaded and the JTAG
programmer and then it was disconnected.

Table 20 Typical Peak Current During Advertising Mode (Note 1)

Channel Frequency (MHz) Parameter lpeak (MA)
0 2402 Ipeako, TX 58.6
12 2426 Ipeak12, TX 56.2
39 2480 Ipeak39, TX 53.34

Notel VCC1=18V,VvCC2=12V,VDD=3V,Pn=-2dBm.

Measvemunts Bebween Markers

A= 11,000 ms Froq = 50,043 Hx
Avg Max

BE3KAD A 50,0

mA

Figure 29: Peak Current During a BLE Advertising Event
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15.1.3.3 Connection Mode

For this measurement the DUT was supplied by 3 V. FW was downloaded and the JTAG
programmer was disconnected and connection with an iPhone 4S was established.

Table 21: Typical Peak Current during Connection Mode (Note 1)

Parameter lreak (MA)

Ipeak, TX 9.9

Notel VCC1=18V,VCC2=12V,VDD=3V,Pn=-2dBm.

Nedsuruments Setmeen Markors
A afSOEme Freq s 167,547 s

Figure 30: Peak Current During a BLE Connection Event
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15.1.3.4 Extended Sleep Mode

For this measurement the DUT was supplied by 3 V. FW was downloaded and the JTAG
programmer was disconnected.

Table 22: Typical Average Current in Extended Sleep Mode (Note 1)

Parameter lav (nA)

Imean 4.5

Notel VCC1=18V,VCC2=12V,VDD=3V,Pn=-2dBm.

5
!

3 Massurmirmnts Batwsen Markers Maresr
~401,943 ms A= A94616Ms Froq = 2022 Hr 92,675 ms
Avg Max
3,063 wA 4,936 pA 50,99 WA 4520 uA

Figure 31: Average Current During Extended Sleep Mode
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15.2 BLE FCC Measurements

The measurements described below are in the context of pre-test FCC measurements. All
measurements reported here use the following parameters:

Operating Conditions:

e T=21°C

e VBAT=3V

Test Configuration:

In order to comply with 15.247 FCC limits all tests are performed with the following settings:
e DCDC_V18 VOLTAGE = 0x16. Default value (0xX5000008C).

e R73=16.50Q. Sets the VCC2 level to 1200 mV.
e RF _TX PWR_REG = 2 (0x500020C0). Sets the DA14680/681 TX output power to -2 dBm.

Equipment:

e Signal analyzer Rohde & Schwarz FSV Spectrum analyzer

Tools:

e CLI programmer

e SDK RF Tools Command Line Interface Application for RF Test Commands
Test procedure:

Measurement method according to point 9.1.1 of Guidance for Performing Compliance:
Measurements on Digital Transmission Systems (DTS) operating under 15.247.

Measurements:

Maximum output power (section 15.2.1)

Emission limitations conducted (harmonic level) (section 15.2.2)
Band edge emissions (conducted) (section 15.2.3)

Emission limitations radiated (restricted band edge) (section 15.2.4)
0 RA2.31GHzto2.39 GHz

o RB 2.4835 GHz to 2.5 GHz

The values mentioned below are for FCC compliance with Digital Transmission Systems (DTS)
operating under 15.247.

Table 23: FCC 15.247 Compliance Pre-Tests Performed

Section Subclause Test Description Verdict

Emission limitations conducted (transmitter)

15.247 (@ 6 dB Bandwidth PASS
15.247 (b) Maximum output power and antenna gain PASS
15.247 (d) Emission limitations conducted (transmitter) PASS
15.247 (d) Band edge emissions conducted (transmitter) PASS
15.247 (e) Power spectral density (conducted) PASS

Emission limitations radiated (transmitter)

15.247 (d) Frequency range 30 MHz to 1000 MHz n.a.
Frequency range 1 GHz to 25 GHz n.a.
RA 2.31 GHz to 2.39 GHz PASS
RB 2.4835 GHz to 2.5 GHz PASS
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15.2.1 Maximum Output Power and Antenna Gain (Transmitter)

15.2.1.1 Test Specification

For systems using digital modulation in the 2400 MHz to 2483.5 MHz band: 1 W (30 dBm).
The EIRP shall not exceed 4 W (36 dBm) (Canada).

15.2.1.2 Test Setup

The DA14680/681 range extender was mounted on a PRO-mb Development Board. In order to
evaluate the maximum output power, the SDK RF _Tool CLI was used. The boards under test were
set into continuous wave modulation transmit mode, using the following command:

ble txstream \<FREQUENCY MHz\> \<POWER\> \<PAYLOAD TYPE\>.

An RF cable was connected to the J3 RF Switch connector (MM8130-2600 by Murata) and at the
other end to the spectrum analyzer. Three channels were tested: channels 0, 19 and 39.

15.2.1.3 Test Results

The maximum peak conducted power was measured using the method according to point 9.1.1 of
Guidance for Performing Compliance Measurements on Digital Transmission Systems (DTS)
operating under 15.247.

Maximum output power: see next plots.

Maximum declared antenna gain: O dBi.

Table 24: Maximum (Peak) Output Power (dBm), VCC2 =1.2 V, CH00, CH19, CH39

Parameter (dBm) CHOO — 2402 MHz CH19 — 2440 MHz CH39 — 2480 MHz
Maximum conducted power +13.26 +13.27 +13.22
Maximum EIRP power +13.26 +13.27 +13.22
Spectrum | |?]
Raf Lavel 17.00 cem | Offset 12,50 08w RBW 2 MHZ
fe ALE 15 dB & BWT 250 ms & YBW 10 MHz  Mode auto Sweep
@ 1Pk Max
. Mi[1] 13,26 dBm
10 dBm e N T 2. 402238130 GHZ
.,--"""'--FF -‘_H-""‘"-\-..
] [
0 dem — H\"‘h
-10 dBm
-20 dBm
-20 dBm
=40 dBm
<50 dBm
-60 dBm
-T0 AR
-B0 dB
CF 2.402 GHz 2000 pis Span 6.0 MHz
L sl T U wann

Cate: 3.MOW 216 123411

Figure 32: Maximum Output Power, CH0O, VCC2 =1.2V
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Spectrum uer:l

Raf Level 17,00 c@m Dffset 12,30 0B w RBW 2 MHZ
e AR 15 dB & BWT 250 ms & YBW 10 MH:  Mode auto Sweep
@ 1Pk Max

T ML[1) 13.27 dBmy
——— K —_—

10 dBmr e Tl 2.40195380 GHz

| _‘_H-"""\-\..
O dBém -"’-f H‘M\‘\‘“-

-10 dBm

-20 dBm

=30 dBm

=0 dBm

<50 dBme

-60 dBm

-T0 AR

-B0 dBm
CF 2.44 GHz

2000 pis Span 6.0 MHz
| Il J HMEaruring... _ I !IIIHI-H#'I é

Cakg: 3.MOY 28 12:34:52

Figure 33: Maximum Output Power, CH19, VCC2=1.2V

(Specirum ) &

Raf Level 17,00 dam Offset 12,50 0B = RBW 2 MH:
= ALE 15 dB & BWT 250 ms & YBW 10 MH:  Mode auto Sweep
® 1Pk Max

M1 13.22 dBm
e '

10 dBme S —_— 2.4T79T5TIA0 GHE

[ -‘_H“"“--..._H
o dEm /,—""F‘ R“"-

-10 dBm

=20 dBm

-20 dBm

=40 dBm

<50 dBm

-60 dBm

=70 ARy

-B0 dBm
CF 2.48 GHz

2000 ps Span 6.0 MHz
L )ik ) EEAEUrIN .. _ I !lzlmmwll é

Cate: 3.M0W 2016 12:3521

Figure 34: Maximum Output Power, CH39, VCC2=1.2V

Verdict: All measurements comply with the limits specified in FCC 15.247, Subclause (b).
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15.2.2 Emission Limitations Conducted (Transmitter)

15.2.2.1

Test Specification

In any 100 kHz bandwidth outside the frequency band in which the digitally modulated intentional
radiator is operating, the radio frequency power that is produced by the intentional radiator shall be at
least 20 dB below that in 100 kHz bandwidth within the band that contains the highest level of the
desired power. If the transmitter complies with the conducted power limits based on the RMS
averaging over a time interval, the attenuation required shall be 30 dB instead of 20 dB.

15.2.2.2 Test Setup

The DA14680/681 range extender was mounted on a PRO-motherboard. In order to evaluate the
harmonic levels production, the SDK RF Tool CLI was used. The boards under test were set into

continuous wave modulation transmit mode using the following command-:
ble txstream \<FREQUENCY MHz\> \<POWER\> \<PAYLOAD TYPE\>

An RF cable assembly was connected to J3 RF Switch connector (MM8130-2600 by Murata) and at
the other end to the spectrum analyzer. Three channels were tested: channels 0, 19 and 39.

15.2.2.3

Test Results

Table 25: Measured Reference Level

Parameter (dBm)

CHOO — 2402 MHz

CH19 — 2440 MHz

CH39 — 2480 MHz

Reference Level

12.21

12.18

11.90

-7.82

-8.1

Limit (20 dB below peak) -7.79

Table 26: Conducted TX Harmonics at CH0O, CH19, CH39

Parameter (dBm) CHOO - 2402 MHz CH19 - 2440 MHz CH39 - 2480 MHz
2nd harmonic power -54.87 -53.54 -54.28
3rd harmonic power -54.15 -49.51 -55.58
4th harmonic power - - -60.84
5th harmonic power -60.09 -58.98 -59.90

Lowest frequency: 2402 MHz

All peaks are more than 20 dB below the limit.

Middle frequency: 2440 MHz

All peaks are more than 20 dB below the limit.

Highest frequency: 2480 MHz

All peaks are more than 20 dB below the limit.

Verdict: All measurements comply with the limits specified in FCC 15.247, Subclause (d).
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Figure 35: Harmonics Level, Lowest Frequency, CHOO
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Figure 36: Harmonics Level, Middle Frequency, CH19
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Spectrum I l "\? |
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Figure 37: Harmonics Level, Highest Frequency, CH39

Verdict: All measurements comply with the limits specified in FCC 15.247, Subclause (d).
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15.2.3 Band Edge Emissions Compliance (Transmitter)

15.2.3.1 Test Specification

In any 100 kHz bandwidth outside the frequency band in which the digitally modulated intentional
radiator is operating, the radio frequency power that is produced by the intentional radiator shall be at
least 20 dB below that in 100 kHz bandwidth within the band that contains the highest level of the
desired power. If the transmitter complies with the conducted power limits based on the RMS
averaging over a time interval, the attenuation required shall be 30 dB instead of 20 dB.

15.2.3.2 Test Setup

The DA14680/681 range extender was mounted on a PRO-motherboard. In order to evaluate the
band edge emission levels for the upper and lower channels, the SDK RF Tools CLI was used. The
boards under test, were set into continuous wave modulation transmit mode using the command:
ble txstream \<FREQUENCY MHz\> \<POWER\> \<PAYLOAD TYPE\>.

An RF cable assembly was connected to the J3 RF Switch connector (MM8130-2600 by Murata) and
at the other end to the spectrum analyzer. Two channels were tested: channels 0 and 39.

15.2.3.3 Test Results

Spectrum l [E;l
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10 dBim— 101 -7.700 dbn

-30 dBm 4 !

¥ \
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£ <8
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Figure 38: Lower Band Edge, CHOO
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Spectrum I
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Figure 39: Upper Band Edge, CH39

Verdict: All measurements comply with the limits specified in FCC 15.247, Subclause (d).
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15.2.4 Emission Limitations Radiated (Transmitter)

15241 Test Specification

Radiated emissions which fall in restricted bands, as defined in FCC 15.205 must also comply with
the radiated emission limits specified in FCC 15.209. See Figure 40.

Frequency Range Field strength (uV/m) Field strength Measurement
(MHz) (dBuV/m) distance (m)
0.009-0.490 2400/F(kHz) - 300
0.490-1.705 24000/F(kHz) - 30
1.705 - 30.0 30 - 30
30 - 88 100 40 3
88 -216 150 435 3
216 -960 200 46 3
960 - 25000 500 54 3

Figure 40: FCC Radiated Emission Limits

The emission limits shown in the table above are based on measurements employing a CISPR
guasi—peak-detector, except for frequency bands 9 kHz to 90 kHz, 110 kHz to 490 kHz and above
1000 MHz. Radiated emission limits in these three bands are based on measurements employing an
average detector.

For average radiated emission measurements above 1000 MHz, there is also a limit corresponding
to 20 dB above the specified values, which applies when measuring with a peak detector function.
15.2.4.2 Test Setup

The measurement was performed in a conducted way, using the measurement settings for the
radiated test. These results may differ from the radiated ones.

Only the emissions for the frequency range of 2.31 GHz to 2.39 GHz (Restricted Band A) and
2483.5 GHz to 2.5 GHz (Restricted Band B) were measured.

The DA14680/681 range extender was mounted on a PRO-motherboard. In order to evaluate the
emissions in the restricted bands for the upper and lower channel, the SDK RF Tools CLI was used.
The boards under test were set into continuous wave modulation transmit mode using the command:
ble txstream \<FREQUENCY MHz\> \<POWER\> \<PAYLOAD TYPE\>.

An RF cable assembly was connected to the J3 RF Switch connector (MM8130-2600 by Murata) and
at the other end to the spectrum analyzer. Three channels were tested: channels 0, 19 and 39.
15.2.4.3 Test Results

Lower Restricted Area of 2.31 GHz to 2.39 GHz (RA)

Both peak and RMS values are more than 16 dB below the limit.

Upper Restricted Area of 2.4835 GHz to 2.5 GHz (RB)

Both peak and RMS values are below the limit. Peak values have a worst case margin of more than
10 dBm while RMS has a margin of more than 1 dBm from the limit. See Table 27.

Only the channels closest to the Restricted Areas are shown in the plots, because the present the
highest emission values.
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Table 27: Emissions Levels in Restricted Areas RA and RB for CHOO, CH19 and CH39

fen M1 M2 Peak | RMS Peak RMS Conditions
(MHz) (peak) | (RMS) | Limit | Limit | Margin | Margin

Restricted Area RA: 2.31 GHz to 2.39 GHz

2402 -44.86 | -55.54 | -21.2 | -41.2 23.66 14.34 | RF_TX_PWR_REG =2 (-2 dBm),
VCC2=1200 mV, CHL=0

2440 -45.33 | -56.92 | -21.2 | -41.2 24.13 15.72 | RF_TX_PWR_REG = 2 (-2 dBm),
VCC2 =1200 mV, CHL=0

2480 -45.61 | -56.98 | -21.2 | -41.2 24.41 15.78 | RF_TX_PWR_REG= 2 (-2 dBm),
VCC2 =1200 mV, CHL=0

Restricted Area RB: 2.4835 GHz to 2.5 GHz

2402 -39.67 | -51.17 | -21.2 | -41.2 18.47 9.97 RF_TX_PWR_REG =2 (-2 dBm),
VCC2 =1200 mV, CHL=0

2440 -39.32 | -50.76 | -21.2 | -41.2 18.12 9.56 RF_TX_PWR_REG =2 (-2 dBm),
VCC2 =1200 mV, CHL=0

2480 -32 -42.33 | -21.2 | -41.2 10.8 1.13 RF_TX_PWR_REG =2 (-2 dBm),
VCC2 =1200 mV, CHL=0
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Figure 41: Emissions in Restricted Band RA 2.31 GHz to 2.39 GHz, CHOO
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Figure 42: Emissions in Restricted Band RB 2.4835 GHz to 2.5 GHz, CH39
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Appendix A Application Software Guide: ble_adv_demo

The following instructions are based on DA1468x SDK 1.0.12 and SmartSnippets™ Studio version
2.0.0.952. The described software application is ble adv. With the configuration described in the
following steps the ble adv is configured with DC-DC operation (default settings) when the radio is
active and a programmed TX power level of RE_TX PWR REG = 2.

1. Enable the FEM driver in file custom config gspi.h.

——

Il Project Explarer

« &5 ple_adv ' ' veu rrvssesaneaIee vEeseessnrEIRTRII S TTYRSY
o Icluoes
* L» config °y )
B MLW.mlg_qm‘J' ndefina US_F@EEMUS * Define this to use FreeRT0S ¢/
s ISC #define configlOTAL HEAP SIZE 10248 /* This tal Heap e
e wdk eI, MM, IIm M T ITmm mMmMmTr TN T TSI T ™
& startup * Peciphecal cif nflg
s maing .
makefiletargets #define dg_configFLASH_ADAPTER 1
& ble_external_host #define dg_confighVMs_ADAPTER 1
& pittw wdefine dg_cuni?gﬂws_vis 1
@ rf_boo.cli fdefine dg_configGPADC ADMPTER 1
> gapts Wdefine dy_configCACHEABLE_QSPI_AREA_LEN (WWMS_PARAM_PART_start - MEMORY_QSPIF_BASE)

#define dg_configlLE CENTRAL (®)

#define dg_configBLE GATT CLIENT (@)

#define dp_confighBLE GATT SERVER (9)

Wdefine di_configBLE_OBSERVER (8)

Bdefine dg_conflgBLE_BROADCASTER (9)

ndefine dg_conflgBLE_L2CAP_COC (8)
IlllllllllllllllllllllllllllllllllllllllllllllllllllllllllIllllllllIlllIlllllllllllllllllllllllllr‘.v

EN SXY66112-11 Configuration Settings
#define dg _conflgFEM_DLG_REF_BOARD 1

Figure 43: Enable FEM Driver in custom_config_gspi.h

2. Configure Flash connection to V18P power rail in custom_config_gspi.h.

L Project Explorer i 0§ scustom_config_qspih o
+ & pie_adv #if (dg_configOPTIMAL RETRAM == 1)
& Includes #if (dg_configBLACK_DRCA_IC REV == BLACK_ORCA_IC_REV_A)
+ & config #define dg_configMEM_RETENTION_MOOE (Bx18)
P apeveD 2 #define dg_cont igSHUFFLING MODE (0x8)
mind #define dg_confighEM_RETENTTON_MOOE (0x7)
R sk #define dg_condigSHUFFLING MODE (8x3)
ik Stanug Hendif
£ maine wendif
makefile targets
@ bie_extemal_host #define dg_configUSE_WDOG (1)
& pit tw
& ricoks ai I | #define dg configFLASH COMNECTED TO (FLASH_CONMECTED TO 1vep) |
mtars: e e dg_contig L @ @)
Wdefine dg_configPOWER_1VE ACTIVE (1)
#define dg_configPONER_1VE_SLEEP (1)

Figure 44: Flash Connection to V18P Power Rail in custom_config_gspi.h
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3. Configure the DA14681 power output to -2 dBm by adding the statement
hw rf set tx power (HW RF PWR LUT m2dbm) ; in function system init () in file main.c.

i Project Explocer

o o5 ple_sav
& Includes
- ey
= DALLGS]1-01-Redease 5P|
un Misc
sk
o Starup
4 menc
! miakefle 1arpets
O ble_sxemal_host
o plt_tw
o of_Sools_ch
M siripty

Yandif

Set system clock *

cn_sys_clk_set{sysclb XTALT®N);

* Prepare the harduware to run this dem

prvSstupHardware();

* inlt resources *
rescarce_init();

TEUFE- SO0 T12-11: Tnput TX Power Level Setting */
#if dg_configFEM == FEM_SKY66112_11

hu_rf_set_tx_power(HN AF_PWR_LUT s2dbm); /**< IX PHR attenuation -2 dom */

#endif

#Lf defined TONFIG_RETARGET

Sandif

retarget_init();

Figure 45: Configure DA14681 Power Output Level at -2 dBm

4. Include hw rf.hin file main.c.

= Project Explorer

i

1€ *maing

* " etile maln g

«* ple_adv /* Stendard includes. */
w Includes #include <string.h>
#include <stdbool.h>
o config
s #include “osal.h”
@ sak #include “resmgmt.h”
A startup #include "ad_ble.h”
I8 maing, #include “ad_nvms h”
makeietangets #include “ble_common.h®
& pie_extemai_host #include :b]e Rap.h*
2 pit fw #include “ble_mpgr.h™
R #include “hw_gpio.h™
§¥ 11 took. i #include “sys_clock_mgr.h"
= seripts #include “sys power mar.h"
#include “sys_watchdog.h®
#include “gapm_task.h”
#include “gapc_task.h”
#include “gattc_task.h"
#include “gattm tesk.h"
Figure 46: Include hw_rf.h in main.c
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5. Select build configuration, e.g. for DA14681 and external Flash it is DA14681-01 release_QSPI.

.-

L Prgwet Ecosener ©

# “mumcm iy Sl

G e e gt = b i b b

o 52 Bt
P N

B

& ™ O M New Window
e Showin Lood Terrired
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@ B Docemenation

6. Build the project.

| I Project Explorer 11 =

(=
< & ble_adv
& Indudes
i config
& DA14681-01-Release Q5P
(& misc
o sk
s startup
|2 mainc
L makefiletargets
& ble_external_host

"IEHTIL AETRAN aa 1)
A confFigBLALK ORCA_IC_REV == SLACK_ORCE_IC_REV_A)

wdefine dg_cont 1 gMEM_RETENTIIN_WOE (Re18)
Adefine dg corfighhFTLING NOE (b )
Y weetine dg coed \grER SETERTION WO0E (feb7)
wdefine dg_configSEE FLING NDF ()
i
f igUsl Wovo )

prif i gl LA COMSLC TED 10 CPLASH COmECTED 10 tvar)

b ¥ LgF LAGH_POMER_DOWN )
prrf LgPONTR_1vB_ACTIVE )
b€ LgPONER_1VE_SLEEP (1)
prf LgPOWER_1VR® {1)
¢ SetAcme 0 1 CALABL-OT-Tietasg, 2571 (Appricasie fe DALAGNIT-01, Dwhug tusks confipurstion for cached Q571 mode ]
‘ Myvape. V' 2 DAISRAS-01-Aplense J5F1 Appbcates f0r DALSSAN1-0L Adkenie tussd ContQuantion for cacved O5H mode)
+ Suit] AE 1 DA1523.00 Detary G591 (Aspicaie fir DALSSE23-00, DAISLO0 00 Detug Dudd cerfiguation for tachet mode!
PRy 4 DALASES-00 Ketaain QS0 (Apptcatia fat DALAGI/E00 DALSYIYVIO0 Aaleate tsts contapatataon Sor cacterd (AN mdts )

Figure 47: Set Build Configuration

f9.9 = mamc
idle _task wdog id « sys wetchdog register{false);
ASSERT _WARNING(idle task wdog id != -1);
sys_watchdog configure idle id(idle_task wdopg id);
Vendif

QbuidPgead

o Building project..
= = |

Involang Command: make --silent pre-build maim-build

= pit_tw
& f _sools_di
& scripts  Abways run In background
[um inBackgroune) | Cancer | | Detanss> |
#if defined CONFIG_RETARGET
retarget_init();
Senalf
/* Set the desired slecp made, */
pe_set_wakeup sode(true);
pm_set_sleep mode(pn_mode_extended sleep);
Figure 48: Building Project ble_adv
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7. Use the produced binary output file for Flash memory programming.

File Edit Source Refactor Navigate Search Project Run Window Help

oo vl vjpoitvdv@e Qv@t%vs'v@\ ’ - - de -
) . - / | 1 coliect_debug_info_win
& broiect Exporer || B customconfa. a0 Q2 get memory_snapshat win otz arat s
59 #define dg_conl % 3 erase_gspi_jtag win (@)
4 & ple_adv | Q4 erase_gspe_serial_win
& Includes #define dg_cond Q 5 peogram_gspiconfig_wn (1)
& config #define dg_conl Q, & program_aspl jtag_win a (1)
> DA14681-01-Reiease Q5P Q. 7 program_aspi_nvparam_win
& e #define dg_cond O '8 peogeam. gtk siial yin (1)
@ sok #defina dg_con{ B 9 SuOtaintial flash jtag win (BATTERY_TYPE_LIMN204)
{a startup #define dp_coni T Suousb intial flash jtag win 2 7/ 3BmA
& mainc #define dg_conl Run As 20 /1 2.1mA
makefie1argets #defina dg_cont Extenal Tools Configurations.. 1 /! disabled
5 Ble_extemal_host :
@ pit.fw #define dg_coni _ Organize Favofites.. 9
& x'oo“ di #define dg_configUSE_USB_CHARGER a
Lz e #define dg_configALLOW CHARGING HOT_ENUM 1
= sripts
#define dg_configUSE_ProDK (1)
#define dg_configUSE_SK_CURSOR (1)
Figure 49: Programming External Flash Using ble_adv.bin
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Revision History
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1.2 09-Nov-2016 Updated logo, disclaimer, copyright.

11 17-Apr-2018 Updated instructions on software guide based on SDK 1.0.12.1078
-Chapter 14: Application Software Guide: ble_external_host
-Appendix A: Application Software Guide. ble_adv

1.0 09-Nov-2016 Initial version.
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Status Definitions

Status Definition

DRAFT The content of this document is under review and subject to formal approval, which may result in modifications or
additions.

APPROVED The content of this document has been approved for publication.
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